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Abstract
Bilateral subthalamic (STN) deep brain stimulation (DBS) provides significant symptom relief for
the majority of well-screened patients suffering with Parkinson’s disease (PD). Implantation of
stimulating electrodes bilaterally in a single session has become standard in most operating
theaters worldwide. There is, however, limited evidence-based support for this approach.
Although bilateral surgical procedures have been shown, using standardized clinical ratings, to
provide greater motor benefits compared to unilateral procedures, bilateral procedures are more
likely to be associated with increased acute and long- term complications including post-operative
confusion, speech difficulties and cognitive dysfunction. Unilateral stimulation has been shown to
provide significant benefits for appendicular and axial symptoms. The relative benefit of
implanting one versus two sides and whether the degree of benefit associated with the second side
is worth the potential risk of doing so have not been examined systematically. The relative
magnitude of benefit associated with unilateral versus bilateral procedures is likely to vary from
patient to patient, particularly in those patients with asymmetric symptomatology. As such, there
are likely subsets of patients who do not require and therefore should not be exposed to the
potential complications associated with bilateral simultaneous implantation. This review and
commentary will outline our current understanding of the benefits associated with unilateral and
bilateral STN DBS and discuss the role of unilateral or staged unilateral procedures as an
alternative surgical approach for patients with advanced PD.
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Introduction
The ability to adjust stimulation parameters to optimize function and minimize side effects
in patients with Parkinson’s disease (PD) and other neurological disorders is a unique
advantage of deep brain stimulation (DBS) over ablative surgical procedures. Although no
large scale head-to-head studies with lesion therapy have been performed, the flexibility and
reversibility associated with DBS has led to the general “clinical acceptance” of DBS as the
preferred surgical treatment for select candidates with advanced PD. The current operative
approach taken by the vast majority of centers performing DBS surgeries for PD is to
simultaneously implant the STN on both sides of the brain in a single surgical session 1, 2.
Following bilateral STN DBS, clinical ratings typically improve 30–60 percent with notable
improvements in levodopa responsive symptoms (the degree of response to surgery
depending heavily on the pre-operative response to levodopa). Typically, STN DBS results
in reductions in antiparkinsonian medication, duration of “OFF” time and episodes of motor
fluctuations 1–7.

The recent paper from Tabbal and colleagues8, our previous work 9, 10, and data from
others 11, 12 offer experimental evidence that provides a rationale for unilateral STN DBS
as a viable alternative approach to bilateral simultaneous implantations for the treatment of
advanced PD. These studies have demonstrated that unilateral DBS produces significant
contralateral and ipsilateral benefits as well as an improvement in axial symptoms. Taken
together, these recent unilateral studies provide compelling evidence for a re-evaluation of
the current practice of routinely placing DBS leads on both sides of the brain (in a single
surgical session) for all patients undergoing DBS surgery for PD. The goal of this
commentary is to open a dialogue based on the studies by Tabbal and others to address what
is known about the bilateral effects of unilateral stimulation, whether bilateral STN DBS
may be associated with previously unappreciated side effects in cognitive and motor tasks
and to provide the rationale for consideration of unilateral or staged STN DBS as an
alternative approach to bilateral simultaneous implantation for the treatment of patients with
advanced PD.

Why has there been a propagation of simultaneous bilateral STN DBS for
the treatment of advanced PD?

It is difficult to know exactly why the field marginated so quickly toward simultaneous
bilateral implantations of DBS leads in a single surgical session. Early arguments centered
on the perceived greater efficiency and overall benefit of the surgical procedure.
Specifically, it was argued that implanting the second side could be accomplished more
quickly by mirroring the targeting of the first site, once electrophysiological mapping had
uncovered the optimal location for the first lead. This approach would require less mapping,
thus decreasing the amount of time necessary to implant the second side. There are however,
no studies to our knowledge that support this argument. Indeed, our own preliminary data
suggest that just the opposite may be true (Vitek et al unpublished observations). Another
rationale for simultaneous implantation has been that advanced PD patients have bilateral
symptoms and axial symptoms are likely to improve only with bilateral lead placement. This
belief has stemmed, at least in part, from previous experiences with unilateral pallidotomy in
which the majority of studies reported only transient benefit in gait and balance13–15.
Another argument is that PD, although asymmetrical, is a bilateral progressive disease that
will eventually require the placement of electrodes bilaterally. Finally, it is believed that
reducing antiparkinsonian medication, to alleviate dyskinesia, would not be possible with
unilateral STN stimulation as symptoms ipsilateral to the stimulator would still require the
same dose of levodopa for optimal management.
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Although these arguments provide an initial rationale and at least partially explain the large-
scale movement favoring bilateral simultaneous implantations, there is little evidence-based
data to fully support this position. An important lesson was learned with bilateral
pallidotomy and thalamotomy in that large, bilaterally placed lesions which infringed on
non-motor areas resulted in pseudobulbar and/or cognitive problems16–18. These
observations led us to essentially discontinue bilateral ablative procedures. The lesion
literature also demonstrated that unilateral lesions, restricted to the motor area, produced
significant ipsilateral motor benefit without the cognitive problems associated with bilateral
procedures and that axial symptoms could be significantly improved and maintained at two
years post-pallidotomy when larger lesions were made within the sensorimotor territory of
the GPi 19. Yet, in spite of these historical lessons we in the medical community seem to
have lost sight of the fact that unilateral DBS may also provide meaningful ipsilateral
benefits and that bilateral procedures may be associated with more side effects.

While there are important lessons gained from our past experiences that provide a rationale
for choosing either unilateral or bilateral surgical procedures, large-scale comparisons of
unilateral versus bilateral DBS are lacking in the literature. The recent paper from Tabbal
and colleagues (2008) along with our previous work (Alberts et al., 2004; Alberts et al.,
2008) provide evidence to suggest we need to systematically evaluate the effects of
unilateral relative to bilateral STN DBS. While these recent studies serve as a starting point,
the unique advantages and disadvantages of each procedure relative to one another remain
ill-defined. A vital question that begs an answer is “How much better is bilateral compared
to unilateral STN DBS?” this question can only be answered by first understanding the
effects of unilateral stimulation.

What are the effects of unilateral DBS on motor performance?
Although limited in number, those studies that have examined the effect of unilateral DBS
on motor performance report significant improvements in UPDRS III ratings as well as
ipsilateral improvement in motor function and gait. Improvements in UPDRS III scores
range from 26–37 percent 9–12, 20, and ipsilateral benefits range between 15–20 percent.
Decreases in the daily dose of levodopa ranging between 15–36 percent were also reported
together with marked improvement in bimanual functional dexterity (Alberts et al., 2008;
Alberts et al., 2004) and gait (see next section) [Bastian et al., 2003].

The results from our bimanual dexterity study suggest that unilateral DBS improves force
control in each limb. The strength of this finding lies in the notion that the experimental
bimanual task utilized is a better assessment of how patients may function in daily activities
as it replicates the bimanual function required in these activities. Thus, the finding that
unilateral STN DBS significantly improved performance of both limbs during this task
suggests this surgical strategy can enhance functional performance. Additionally, we have
recently evaluated the effects of unilateral STN DBS on force control in the ipsilateral and
contralateral limb separately. Twelve patients, all at least 12 months post DBS surgery,
performed a sine-wave force tracking paradigm. The target sine wave ranged from 5% to
25% of the maximum voluntary contraction (MVC) produced while the patient was OFF
stimulation. Patients were instructed to track, as accurately as possible, the displayed sine
wave. Representative force-tracking data for each limb relative to the target sine wave are
provided in the upper plots of Figure 1 while “on” and “off” unilateral DBS. The coefficient
of coordination (Kc) was used to quantify performance. The middle plots of Figure 1 depict
the rate of force production as a function of the actual force produced by the patient. If the
patient tracks the target force perfectly, then the relationship between the rate of force
production and actual force is a circle and the Kc measure is equals 1; departures from the
circle represent variability in motor performance. As illustrated in the middle row of plots in
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Figure 1, when the patient was OFF stimulation force tracking performance was highly
variable (e.g. deviations from ideal circle were great). Values for Kc reflected this variability
at 0.28 and 0.20 for contralateral and ipsilateral limbs respectively. Unilateral stimulation
resulted in significant improvements in force tracking (lower plots) for both limbs as the Kc
values improved to 0.81 and 0.65 for the contralateral and ipsilateral limbs respectively.
These data indicate the ipsilateral and contralateral improvements in force control associated
with unilateral STN are relatively long term. The interconnectedness of the basal ganglia
with motor cortical circuits may provide insight into why unilateral DBS improves
ipsilateral and contralateral motor function.

The extensive interhemispheric connections between the SMA21 and ipsilateral projections
from the SMA to striatum22 provide anatomical support for the notion that improved SMA
functioning leads to improvements in motor function in the ipsilateral and contralateral
limbs. The importance of the SMA in the control and planning of bimanual activities in
particular23 may explain why ipsilateral motor function of PD patients during DBS is
enhanced during bimanual activities. Pallidotomy has been shown to increase in movement
related cortical activity in the SMA24; similar findings have been reported in patients with
GPi DBS25. Additionally two PET studies have shown that STN DBS leads to increased
activation centered around the SMA (ipsilateral to stimulation and contralateral to
movement) during internally generated movements 26, 27. Improved SMA function in the
hemisphere ipsilateral to the stimulation site likely contributes to the bilateral motor
improvements associated with unilateral stimulation.

Collectively, these studies indicate that unilateral DBS reliably improves ipsilateral and
contralateral motor function and allows for a reduction in antiparkinsonian medication.
These ipsilateral benefits translate to improved bimanual dexterity and these improvements
persisted at least one year following DBS surgery9, 10. Overall, these findings argue against
several of the premises that have provided the rationale for performing bilateral
simultaneous procedures (no ipsilateral benefit, unable to reduce medication, unknown
functional benefit and waning effectiveness).

How much better is bilateral compared to unilateral STN DBS?
To our knowledge, only three studies have directly compared the effects of unilateral and
bilateral STN DBS on motor function in the same cohort of PD patients. Collectively, the
results from these three studies indicate that unilateral and bilateral STN DBS both produce
significant improvements in PD motor function 8, 28, 29. A formal comparison of the
differential effects of unilateral and bilateral stimulation on UPDRS III scores was not
reported by Tabbal (2008). Kumar (1999) and Bastian (2003) indicated bilateral DBS did
improve total UPDRS III scores approximately 20–30 percent more than unilateral
stimulation. Unfortunately there are some limitations with these studies that may cloud the
results when comparing unilateral to bilateral procedures. These include: the small number
of patients assessed, six in one study and 10 in another; the short time period between
stimulation conditions in the Kumar study; both studies’ grouping results from individual
patients together, thus not allowing a comparison across patients; and in the Kumar study
collapsing the data across side for unilateral stimulation (indeed where results from
individual patients were reported in the Bastian study, in three of six patients adding the
second stimulator only gained then less than half again the benefit that was gained with one
stimulator). In the Kumar study only 15 minutes was allowed between stimulation
conditions and the results for all unilateral conditions were grouped together, which does not
allow one to compare whether one side may have provided greater benefit than another. This
is critically important as many patients have asymmetry to their disease and when
performing unilateral procedures the more affected side would be treated. Averaging
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stimulation benefits across both sides when doing unilateral stimulation would wash out this
difference and decrease the relative difference between unilateral stimulation of the more
affected or dominant side compared to bilateral stimulation.

Interestingly, however, Kumar and colleagues (1999) did report significant ipsilateral
improvements in reaction time and timed tapping with unilateral stimulation. The ipsilateral
effects of unilateral stimulation on other PD symptoms assessed by the UPDRS III were not
reported. Biomechanical data characterizing upper extremity reaching from Bastian and
colleagues (2003) indicated that unilateral and bilateral stimulation improved upper
extremity reaching speed compared to no stimulation. The ipsilateral effects of unilateral
stimulation on reaching speed, however, were not reported29. Similar to our previous
observations (Alberts, et al., 2004, Alberts, et al., 2008) the data from Tabbal (2008) clearly
indicate ipsilateral improvements in rigidity and bradykinesia with unilateral stimulation
when objective biomechanical measures are utilized.

While there are clearly substantive data supporting improvement in ipsilateral bradykinesia
and rigidity, the ability of unilateral DBS to improve gait has been questioned and most
centers subscribe to the widely held notion that unilateral procedures do not improve gait
and postural stability. In reviewing the literature this notion may not be supported and in fact
it would appear that unilateral stimulation may indeed improve gait and posture. Piper and
colleagues 30 examined gait in patients who had undergone staged STN DBS. Unilateral
stimulation significantly improved gait parameters (speed, cadence, step length and joint
kinematics) particularly in the Off medication state. Unilateral DBS restored the ability to
walk in 5/9 of the patients who could not walk in the off medication state prior to surgery.
Of note, the authors did not identify any differences between unilateral and bilateral
stimulation. However, “due to the long time lag between unilateral and bilateral testing
sessions” (pg. 231); they declined to make a formal comparison between unilateral and
bilateral DBS. Bastian and colleagues (2003) studied the relative effect of unilateral to
bilateral stimulation and reported that four of the six patients exhibited improvements in
walking speed and stride length with unilateral stimulation. Only two of the six patients
required bilateral stimulation to improve gait. Gait asymmetry, assessed through cadence,
was not different between unilateral and bilaterally stimulated patients. Therefore, unilateral
stimulation did not induce asymmetric gait. Similarly, Kumar and colleagues (1999) and
Tabbal and colleagues (2008) indicated that unilateral stimulation led to significant
improvements in the time to walk a specified distance. Bilateral stimulation led to a further
reduction in time, approximately eight percent, compared to unilateral stimulation. While
improvements in timed gait performance may have clinical importance, it only reflects
changes in quantity of movement and not changes in underlying control processes. Further,
timed gait tasks do not provide insight into how gait / balance function is maintained during
tasks of daily living especially those requiring concurrent performance of locomotor and
cognitive tasks. Indeed, effective human locomotion is characterized by the ability to
perform multiple tasks simultaneously. For example, serving a meal includes dual tasks such
as carrying food in a dish while walking towards the table and the ability to talk while
walking is known to be related to fall risk. Thus, the “true” effects of DBS on locomotor
function needs to tested in research paradigms that better reflect the context in which daily
activities are performed.

Does bilateral STN DBS adversely affect cognitive function under “real life”
conditions?

A similar argument to that for locomotion can be made for assessing the effect of DBS on
cognition. Although the vast majority of studies observe deficits in verbal fluency with
bilateral STN DBS, declines in attention, working memory, general cognition and learning
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appear equivocal. Overall, the body of literature concerning cognitive impairment and DBS
is complex, difficult to interpret and may be misleading due to the following methodological
issues: 1) small sample sizes with inadequate statistical power, 2) lack of baseline data prior
to DBS, 3) variable testing conditions (e.g. On or Off medications; stimulation parameters;
On/Off DBS stimulation; cognitive battery), 4) variability in the timing of post-operative
evaluations, 5) variation in patient age, 6) little information regarding lead location, 7)
ignoring practice effects, 8) failure to examine the relative effect of stimulation on the
dominant versus nondominant hemisphere and 9) the use of neuropsychological evaluations
that may not sufficiently challenge the patient or provide a reliable estimate of cognitive
function when the patients are performing activities of daily living

Recently, several long-term bilateral STN DBS studies (follow up 3–5 years after surgery)
have reported varying levels of decline in overall cognitive functioning, including verbal
fluency 31, 32 and working memory 5, 6. Rodriguez-Oroz reported that 24 percent of the
patients with STN DBS experienced cognitive declines 3–4 years after surgery 5. Schupbach
described significant worsening of the UPDRS I score, Mattis scale and frontal scores in
patients 60 months after surgery6. While Funkieweiz and colleagues 31 noted a significant
decrease in verbal fluency immediately after surgery, no further deterioration over time (up
to 3 years following surgery) was observed. Although some of these long term results may
be due to natural progression of PD, these studies provide data that suggest that bilateral
STN DBS could adversely affect various aspects of cognitive function. These potential
adverse side-effects have not been reported in patients with unilateral STN DBS33, 34. It is
acknowledged that the relatively few patients implanted unilaterally and subsequently
studied may contribute to the decreased reports of cognitive side effects, thus providing
further rationale for comparative studies.

Recent reviews and meta-analyses have attempted to clarify the conflicting body of
literature related to the effects of bilateral DBS on various aspects of cognitive
functioning34–37. According to Woods, bilateral STN DBS resulted in significant declines
in verbal fluency, learning and memory compared to pre-surgery or OFF DBS scores. In a
meta-analysis that included data from 1398 patients with bilateral STN DBS, cognitive
problems were present in 41 percent of patients37. Cognitive problems varied from a
moderate deterioration in verbal memory to significant declines in executive functioning.
More recently, Parsons and colleagues (2006) reviewed 28 studies and noted that declines in
executive and verbal learning, memory domains and verbal fluency were significant
following bilateral STN DBS.

Although most earlier studies documented some minimal degree of change in various
aspects of cognitive function associated with bilateral STN DBS, the lack of more
significant declines in these studies could be due to the variation in difficulty of cognitive
tests across studies38. Hershey and colleagues38 found that bilateral STN stimulation
decreased working memory under testing conditions that were more cognitively demanding
than those used in most previous studies where minimal declines in cognitive function were
reported. These findings38 are consistent with our preliminary data that indicate bilateral
STN DBS may compromise cognitive and motor performance to a greater degree than
unilateral STN DBS as task difficulty is increased during a dual cognitive-motor task
(Alberts et al., In review).

Activities of daily living are typically performed under modestly complex conditions and
require the simultaneous performance of cognitive and motor tasks39. Therefore, even slight
or subtle declines in cognitive function for PD patients may impact performance of routine
activities such as dressing, grooming, cooking, walking and driving40. Determining the
effects of unilateral and bilateral stimulation on dual task performance may provide a more
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accurate indicator of a patient’s performance in daily life. While the UPDRS Part II utilizes
self-report to assess patients’ performance of daily activities, these items fail to objectively
measure the most relevant aspects of motor function under different degrees of cognitive
loading that may provide a more accurate representation of the performance of these tasks in
our lives.

Recommendation: Data over Dogma
The fundamental goal of DBS is to modulate and to alter pathological neural activity within
the basal ganglia thalamocortical network to optimally improve motor function while
minimizing side effects. Although the DBS field has gravitated quickly toward bilateral
DBS, there is little data to support this exclusive approach for all PD patients. In light of
recent evidence documenting the bilateral benefits and improvement in axial symptoms
following unilateral DBS together with the observation that bilateral STN DBS may be
associated with a higher incidence of cognitive side effects and impairment in cognitive-
motor function under dual task conditions, there is reason to pause and reassess the
fundamental rationale for simultaneous lead implantations for PD patients. There are likely
subsets of patients, particularly those with pronounced asymmetry, where unilateral DBS
would be a reasonable and perhaps a more rationale approach for initiating DBS therapy.

The Tabbal study (2008) provides an excellent example of the importance of using precise
and objective methods of motor assessment to determine the effects of unilateral and
bilateral stimulation on motor function. Their data and that of others indicate that unilateral
DBS is associated with improvements in ipsilateral appendicular as well as axial motor
symptoms. We and others have shown that medication can be reduced with unilateral
stimulation. Although preliminary, the collective results from these studies should prompt us
to reconsider unilateral and/or staged procedures as an alternative approach to bilateral
simultaneous implantation. Greater consideration should be given to tailoring surgical
therapies for PD patients and for developing guidelines, based on objective measures and
class I data. These guidelines should help to select between unilateral, bilateral, or staged
DBS operations. Finally, the benefits and side effects of right versus left DBS
(lateralization) should be weighed carefully with respect to both motor and non-motor
features such as mood and cognition. We would argue that as we expand our understanding
of the issues, we should focus the interpretation of our investigations in a direction that is
derived from published studies and results should be used to tailor therapy to individual
patients. Decisions over which approach should be taken should be based on the existing
corpus of medical information in addition to individual patient needs. We conclude that in
select cases and when considering all factors two leads may not always be better than one.
The challenge now will be to develop rational and objective patient selection and evaluation
criterion to determine when one or two leads should be used. In the interim, we need to keep
a critical eye on current methodology, be willing to challenge ourselves and to move the
field forward by designing thoughtful experiments, and relying on data, not dogma.
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Figure 1.
Representative force-tracking performance for one patient for the limb contralateral and
ipsilateral to the DBS electrode while Off (red) and On(blue) DBS. The middle plots depict
the rate of force produced as a function of actual force to assess force variability during
tracking for data provided above. Perfect performance would yield a circle. Perfect tracking
of the sine wave would result in a circle. The lower plots represent the group average
coefficient of coordination for each limb while Off (red bar) and On (blue bar) stimulation.
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