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aberrant lead placement near the internal capsule.  Conclu-
sion:  Although GPi DBS was shown to be effective in these 
patients, the influence of GPi DBS on nondystonic body re-
gions deserves further investigation. 

 Copyright © 2009 S. Karger AG, Basel 

 Introduction 

 Chronic bilateral deep brain stimulation (DBS) of the 
globus pallidus internus (GPi) for the treatment of medi-
cally refractory forms of primary generalized dystonia 
has been shown to be effective and well tolerated in most 
patients  [1–3] . GPi DBS has also shown promising benefit 
in refractory primary focal and segmental dystonia syn-
dromes, including cervical and cranial-cervical dystonia, 
in a number of small case series  [2, 4–7] . Recently, we 
noted that a large subset of our cranial-cervical dystonia 
patients were reporting new difficulties with gait and fine 
motor activities in previously nondystonic body regions 
after bilateral GPi DBS  [7] . Similar findings have been 
anecdotally reported in one prior publication involving a 
series of patients with primary generalized dystonia  [8] . 
In this retrospective study, we sought to further investi-
gate stimulation-induced motor impairments in patients 
with cervical and cranial-cervical dystonia, using a pa-
tient-based questionnaire. We studied the correlation of 
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 Abstract 

  Background:  Deep brain stimulation (DBS) of the globus 
pallidus internus (GPi) is an effective and well-tolerated 
treatment for idiopathic generalized dystonia. More recent-
ly, it has been applied as a treatment for focal and segmental 
dystonias. This patient population offers an opportunity to 
study the effects of alteration of pallidal outflow on previ-
ously normal limb function.  Methods:  We sought to retro-
spectively characterize the extent of novel GPi DBS-induced 
adverse motor effects in patients with adult-onset cervical 
and cranial-cervical dystonia using a questionnaire, and 
compared the findings to dystonia improvement as mea-
sured by standard scales.  Results:  Despite significant im-
provement in dystonia (65% in mean Burke-Fahn-Marsden  

 Dystonia Rating Scale motor score, p  !  0.005, and 59% in 
mean Toronto Western Spasmodic Torticollis  Rating Scale 
score, p  !  0.008), slowing and difficulty with normal motor 
function was reported in previously nondystonic extremi-
ties in 10 of 11 patients. Symptoms were common in both 
upper and lower extremities and included new difficulties 
with handwriting (82%), getting up from a chair or in/out of 
a car (73%), and walking (45%), and were not associated with 
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stimulation-induced motor impairments with electrode 
location, and with degree of improvement in dystonia, to 
better understand the mechanism underlying the stimu-
lation-induced impairments.

  Methods 

 Patients 
 Eleven patients with idiopathic cervical and cranial-cervical 

dystonia, who had undergone bilateral GPi DBS at the University 
of California San Francisco Medical Center or the San Francisco 
Veterans Affairs Medical Center between 1998 and 2006, were 
considered for this study. All patients were diagnosed by a move-
ment disorders neurologist and had normal neurological exams 
except for their dystonia, and none showed evidence of dystonia 
extending to their upper or lower extremities. None of the patients 
had a history of exposure to neuroleptics or another identifiable 
secondary cause of their dystonia.

  Study Design 
 All study patients were clinically evaluated preoperatively and 

at scheduled visits after surgery using the validated Burke-Fahn-
Marsden Dystonia Rating Scale  [9]  (BFMDRS) and the Toronto 
Western Spasmodic Torticollis Rating Scale  [10]  (TWSTRS). A 
questionnaire was designed to better characterize and evaluate 
the incidence and severity of any possible abnormal motor effects 
induced in previously unaffected limbs after bilateral DBS im-
plantation. Patients were asked to rate changes in various upper 
and lower extremity motor activities (e.g. ‘handwriting’ and 
‘walking up stairs’) as ‘improved’, ‘no change’, ‘mildly worsened’, 
‘moderately worsened’, or ‘severely worsened’ compared to their 
preoperative baseline function. Patients were asked to record 
symptoms at their most severe, after their DBS was activated and 
stable programming settings had been achieved for at least 1 
month. The severity of stimulation-induced motor impairments 
was quantified for statistical analyses by assigning 0 points for 
improved or no change in activities and 1, 2, or 3 points for mild-
ly, moderately, or severely worsened changes, respectively.

  Surgery 
 Patients were operated on under the Medtronic humanitarian 

device exemption for primary dystonia using a surgical technique 
to implant the DBS systems described in detail in an earlier pub-
lication  [11] . The initial anatomic target was defined by direct 
visualization of the GPi borders on stereotactic brain MRI using 
inversion recovery fast spin echo imaging. Quadripolar electrode 
array trajectories were planned such that they traversed the inter-
commissural plane within the posterior GPi at a distance of 3–4 
mm from the pallidocapsular border and terminated at the dor-
solateral border of the optic tract.

  All patients were implanted with bilateral DBS leads (Model 
3387, Medtronic, Minneapolis, Minn., USA) under monitored lo-
cal anesthesia. Single-unit microelectrode recordings were used 
to confirm GPi neuronal activity and to identify cells in which the 
discharge corresponded to passive movements of the contralat-
eral extremities, neck, or face. Testing was performed intraopera-
tively to determine the voltage threshold for stimulation-induced 

corticobulbar or corticospinal activation. Since cells correspond-
ing to movement of the jaw or neck were rare, the leads were 
placed so as to span the full body representation, including arm 
and leg territories. A Medtronic Kinetra dual-channel pulse gen-
erator was placed under general anesthesia, either during the DBS 
implantation surgery or during a second operation shortly there-
after.

  Determination of DBS Lead Location 
 GPi placement was verified by postoperative MRI using a 

transmit-receive headcoil in accordance with the device manu-
facturer recommendations. The MR images were transferred to 
an image-processing station (Framelink version 4.1; Medtronic) 
for analysis. Lateral, vertical, and anterior-posterior coordinates 
of the distal tip of the DBS lead and of the entry point were mea-
sured with respect to the midcommissural point and documented 
 [12, 13] . In addition, the location of the lead with respect to the 
pallidocapsular border (edge of internal capsule) was measured 
on T 2 -weighted fast spin echo images. Measurements were made 
in two dimensions on the reformatted axial image passing through 
the commissures – a plane chosen because, following program-
ming for optimal benefit, most active electrodes had a vertical 
coordinate close to 0 mm. A straight line was drawn between the 
anteromedial and posterolateral corners of the GPi visualized in 
the plane of the commissures and considered to represent the 
pallidocapsular border. The distance from the lead was then mea-
sured perpendicular from the pallidocapsular border.

  Programming of the DBS Implant 
 Neurostimulator programming was performed by a move-

ment disorders neurologist or clinical nurse specialist 1–2 weeks 
after implantation. Each electrode was activated separately in a 
unipolar fashion, and voltage-limiting adverse effects were noted 
for each electrode. The most acute common stimulation-induced 
adverse effects noted during programming were dysarthria or 
tonic contraction of contralateral facial or arm muscles, presum-
ably due to current spread to the corticobulbar or corticospinal 
tracts. All patients were initially programmed using one or two 
electrodes in unipolar mode, with pulse width of 210  � s, and 
 frequency of 145–185 Hz. The final contact choice using unipolar 
or bipolar mode was set at a voltage level below the threshold
for acute stimulation-induced facial or arm tonic contraction, 
typically by at least 0.4 V. Most patients returned for follow-up 
programming visits every 1–2 months. If patients were still expe-
riencing dystonic symptoms, changes were made in contact 
choice, voltage, or frequency. Programming settings for each pa-
tient at the approximately 6-month follow-up visit are listed in 
 table 1 .

  Statistical Analysis 
 Descriptive analyses were used to report the survey results. 

Statistical significance of changes in clinical rating scales after 
surgery compared with baseline was assessed using the Wilcoxon 
signed-rank test (paired). Correlation between degree of improve-
ments in dystonia rating scales seen postoperatively and degree of 
stimulation-induced motor impairments (assessed by calculating 
the numerical summation of all motor symptoms reported as an 
overall stimulation-induced motor impairment severity) was as-
sessed using a Pearson correlation coefficient (two-tailed). Also, 
the correlation between the overall stimulation-induced motor 



 Induction of Bradykinesia with Pallidal 
Deep Brain Stimulation 

Stereotact Funct Neurosurg 2009;87:37–44 39

impairment severity and the distance of the lead to the internal 
capsule was calculated using the Pearson correlation coefficient 
(two-tailed). Since each patient has two leads (left and right), the 
closest of the two lead distances to the internal capsule was used. 
A significance threshold of p  !  0.05 was used. Statistical analyses 
were implemented in SPSS 12.0 for Windows (SPSS, Inc., Chicago, 
Ill., USA).

  Results 

 Patient Characteristics 
 The clinical characteristics of the patients are summa-

rized in  table 1 . Eleven subjects (6 male/5 female) met the 

criteria for this study and completed the questionnaire. 
Two patients were recruited and implanted at the San 
Francisco Veterans Affairs Medical Center and the re-
mainder at the University of California San Francisco 
Medical Center. Two patients had pure cervical dystonia 
and 9 patients had cranial-cervical dystonia, of which 2 
had mild truncal involvement. None of the patients had 
any arm or leg involvement. The dystonia syndrome be-
gan with blepharospasm in 5 patients and cervical dysto-
nia in 6 patients. The mean age of the patients when they 
developed initial symptoms of dystonia was 44.3  8  11.2 
years (range 28–59). The mean duration of disease at the 
time of DBS implantation was 13.6  8  10.8 years (range 

Table 1. Clinical characteristics of patients at baseline and after bilateral GPi DBS

Pa-
tient

Sex Age at 
onset
years

Duration 
of illness
years

Site of 
onset

Distribution
of dystonia

DBS programming 
parameters at follow-up 
electrodes/voltage/PW/
freq.

Duration of 
follow-up
months

BFMDRS total
motor score

BFMDRS total
disability score

TWSTRS
total score

B F B F B F

1 F 48 4 cervical cranial
cervical/
truncal

L: C+1–/3.6/210/185
R: C+5–/3.5/210/185

3 22.5 4 4 0 64.5 21.5

2 F 28 19 cervical cervical L: C+2–/2.1/210/185
R: C+6–/3.3/210/185

14 8 6 4 1 50.25 25.5

3 M 37 25 cervical cervical L: C+2–/4.0/210/185
R: C+6–/4.0/210/185

7 6 1.5 3 1 44.25 3

4 F 39 10 cervical cranial
cervical

L: C+1–/3.5/210/145
R: C+5–/3.2/210/145

2 10 1.5 5 4 64.5 8

5 F 51 6 eyes cranial
cervical

L: C+2–3–/3.5/210/145
R: C+5–6–/3.2/210/145

6 16 10 5 2 48.25 19

6 M 37 20 cervical cranial
cervical

L: C+1–2–/3.7/210/185
R: C+5–6–/3.8/210/185

12 34.5 3 8 3 44.6 13.5

7 M 55 8 eyes cranial
cervical

L: C+2–/3.6/210/185
R: C+6–/3.6/210/185

9 16 4 3 3 NA 35

8 M 59 9 eyes cranial
cervical

L: C+2–/3.8/210/145
R: C+5–6–/3.8/210/145

6 18 8 6 4 53.25 13

9 M 58 5 eyes cranial
cervical/
truncal

L: C+2–3–/2.9/90/185
R: C+5–6–/3.8/180/185

10 30 3 5 2 36.5 0

10 M 47 5 eyes cranial
cervical

L: 1–2–3+/5.0/210/185
R: 5–6–7+/4.0/210/185

12 15 12.5 6 6 46 47

11 F 28 38 cervical cranial
cervical

L: C+2–/3.5/210/130
R: C+6–/3.5/210/130

6 9 11 3 5 61.5 60.5

Mean
(8SD)

44.3
(11.2)

13.6
(10.8)

7.9
(3.8)

16.8
(9.1)

5.9
(3.9)

4.7
(1.6)

2.8
(1.8)

51.4
(9.5)

21.1
(19.2)

Wilcoxon signed-rank test Z = –2.80
p < 0.005

Z = –2.33
p < 0.020

Z = –2.65
p < 0.008

L = Left; R = right; B = baseline; F = follow up; PW = pulse width (�s); freq. = frequency (Hz); NA = not available.
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4–38). In general, patients were on little medication pre-
operatively because of limited effectiveness.

  Clinical Results 
 Overall, GPi DBS resulted in dramatic improvement 

in the patients’ dystonia symptoms ( table 1 ). At follow-up, 
the BFMDRS motor scores improved from a mean of 16.8 
 8  9.1 before surgery to 5.9  8  3.9 after surgery (p  !  0.005), 
reflecting a 65% improvement. The BFMDRS disability 
scores also improved from 4.7  8  1.6 before surgery to 2.8 
 8  1.8 (p  !  0.020). The total TWSTRS scores improved 
from a mean of 51.4  8  9.5 at baseline to 21.1  8  19.2 after 
surgery (p  !  0.008), reflecting a 59% improvement in pa-
tients with cervical dystonia.

  Survey Results 
 A summary of the responses from the questionnaire is 

presented in  table 2 . Motor side effects after GPi DBS 
were primarily bradykinetic in nature and frequently rat-
ed as moderately or severely worsened. The most fre-
quently reported disturbance was a change in handwrit-
ing (82%). Also commonly reported was difficulty lifting 
objects off the ground and holding objects above the head 
(55%), new difficulty with getting up from a chair or in 
and out of a car (73%), getting up from the floor (55%), 

getting out of a tub or shower (45%), and rolling over in 
bed (45%).

  Correlation of Adverse Effects with Improvement in 
Dystonia 
 Statistical analyses were performed to investigate if a 

relationship could be demonstrated between induced 
motor impairment and percent improvement (or worsen-
ing) after DBS. The numerical severity of stimulation-in-
duced motor adverse effects were summed for patients’ 
upper and lower extremities and plotted against the per-
cent change in their BFMDRS motor and total TWSTRS 
scores ( fig. 1 ). Although clear trends of worsening brady-
kinesia with improvement in dystonia rating scales were 
seen, the correlations did not reach statistical signifi-
cance (p = 0.31 and p = 0.17 for BFMDRS motor and 
TWSTRS scores, respectively).

A video illustrating the motor side effects is available 
at http://www.karger.com/doi/10.1159/000195718.

  Correlation of DBS Lead Location and Degree of 
Motor Impairment 
  Figure 2  shows an axial (left) and sagittal (right) view 

MRI of the brain demonstrating typical lead location 
within the GPi. The mean coordinates of the 22 leads at 

Table 2. Questionnaire results evaluating novel motor effects reported after bilateral GPi DBS

Patient Affected, %

1 2 3 4 5 6 7 8 9 10 11

Upper extremities
Lifting objects off the ground – ++ ++ ++ – – ++ – + + – 55
Holding objects above your head – + ++ +++ – – ++ ++ + – – 55
Carrying objects in your arms (such as groceries) – – – ++ – – ++ ++ – – – 27
Holding on to objects in your hands – – – – – – ++ + – – – 18
Using your fingers or hands (such as for grooming) – + ++ ++ – – ++ – – – – 36
Using eating utensils – – ++ – – – ++ – – – – 18
Dressing – – ++ ++ – – ++ – – + – 36
Buttoning shirts/pants – – ++ ++ – – +++ – – – – 27
Handwriting – + +++ +++ + ++ +++ + ++ +++ – 82

Lower extremities
Standing (including on toes or heels) – + – +++ – – ++ – + + – 45
Walking – ++ – ++ – – ++ – ++ – – 36
Walking up stairs/hills – +++ + +++ – – ++ – + – – 45
Walking down stairs/hills – ++ – +++ – – ++ – + – – 36
Walking on uneven surfaces – ++ – +++ – – ++ – + – – 36
Rolling over in bed – + +++ ++ – – +++ – + – – 45
Getting up from the floor – +++ +++ +++ – – +++ +++ + – – 55
Getting out of the bathtub/shower – ++ +++ + – – ++ +++ – – – 45
Getting up from a chair or in/out of a car – +++ +++ ++ – + +++ ++ + – ++ 73

– = No change or improved; + = mildly worsened; ++ = moderately worsened; +++ = severely worsened.
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the distal tip were 20.29  8  1.87 mm lateral to the midline, 
1.49  8  1.47 mm anterior to the midcommissure line, and 
4.86  8  1.51 mm below the anterior-posterior commis-
sure line ( table 3 ). The bottom of contact 0 was placed at 
the base of the physiologically determined GPi, which is 
typically 0–1 mm dorsal to the optic tract. The mean dis-
tance from the lead to the internal capsule was 3.6  8  1.2 
mm. Using the numerical summations of stimulation-in-
duced motor symptoms as a measure of overall severity 
as described above, there was no significant correlation 
between the distance of the lead to the internal capsule 
and severity of stimulation-induced motor effect, al-
though there was a trend toward a greater severity of mo-

tor impairment with leads closer to the internal capsule 
(r = –0.377, p = 0.253) ( fig. 3 ).

  DBS Parameter Adjustments 
 In 10 of the 11 patients, attempts were made to find 

optimal DBS settings that maintained benefit for their 
dystonia while reducing induction of bradykinesia. Ad-
justments in voltage and pulse width were made to reduce 
the likelihood of spread to capsular regions, as well as 
stimulating more ventrally located contacts, to potential-
ly avoid stimulation near the leg representation in the GPi 
(which is dorsal and medial to the arm representation) 
 [14] . In general, these attempts were unsuccessful in im-
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  Fig. 1.  Summation of extremity symptom severity scores plotted against percent improvement in BFMDRS mo-
tor and TWSTRS scores. 

a b

  Fig. 2.  Postoperative axial T 2 -weighted 
MRI ( a ) and sagittal T 1 -weighted MRI ( b ) 
demonstrating bilateral GPi positioning of 
DBS leads for the treatment of cranial-cer-
vical dystonia. 



 Berman   /Starr   /Marks   /Ostrem    Stereotact Funct Neurosurg 2009;87:37–4442

proving the bradykinetic symptoms while maintaining 
the control of dystonia.

  In addition, trials of lower-frequency stimulation (60–
130 Hz) were attempted. Lower-frequency stimulation 
improved the bradykinetic motor symptoms in 9 of the 
patients, but in 8 patients it resulted in significant wors-
ening of their cranial and cranial-cervical dystonia, lead-
ing to titration back to a higher frequency setting and 
ultimately resulting in some level of compromise between 
improvement in dystonia and stimulation-induced ad-
verse effects, usually around 110 Hz.

  Discussion 

 In this retrospective study of patients successfully 
treated with bilateral pallidal DBS for idiopathic cranial 
and cranial-cervical dystonia, we found that novel motor 
impairment occurred quite frequently. The motor im-
pairments were largely bradykinetic in nature, with pa-
tients frequently reporting a moderate to severe worsen-
ing in a number of activities involving both upper and 
lower extremities that were previously unaffected by dys-
tonia and felt to be normal at baseline. All patients expe-
rienced a major reduction in their cervical or cranial-cer-
vical dystonia, but the motor impairments could not be 
completely dissociated from the beneficial effects on dys-
tonia by programming changes.

  During intraoperative testing and programming of 
GPi stimulators, the most common stimulation-induced 
adverse motor effects are dysarthria and tonic contrac-
tion of contralateral muscle groups in the face and arm 
 [1, 2] . These effects occur immediately following pro-
gramming, are reversible with a modest decrease in stim-
ulation settings or adjustment in electrode choice, and 
are thought to result from spread of stimulation to the 
corticobulbar tract or corticospinal tract. In contrast, the 
motor changes we report here were primarily bradyki-
netic in nature. There are several reasons to believe the 
effects were not caused by spread of stimulation to the 
corticobulbar tract or corticospinal tract. First, in some 
of our patients the symptoms developed insidiously, in 1 
case after 3 years of stimulation, rather than immediate-
ly following device activation (online supplementary vid-
eo, www.karger.com/doi/10.1159/000195718). Also, based 
on our measurements of electrode location, stimulation-
induced bradykinesia is not explained by aberrant DBS 
lead location outside of the GPi and did not significantly 
correlate with distance of the lead from the internal cap-

Table 3. Lead locations (in mm) from the midcommissural point and distance from active contact to internal 
capsule

Lead tip coordinates Lead approach angles1 Active
contact to IClateral AP vertical coronal plane sagittal plane

Mean 20.29 1.49 –4.86 0.53 32.44 3.6
SD 1.87 1.47 1.51 4.10 8.30 1.2

IC = Internal capsule; AP = anteroposterior; SD = standard deviation.
1 Approach angles are in degrees with respect to vertical.
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  Fig. 3.  Distance from the closest of the two active lead contacts to 
the pallidocapsular border plotted against summation of symp-
tom severity scores.         
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sule. The DBS lead tips were all placed in the posterior 
ventral portion of the GPi such that the corticobulbar 
tract fibers running medially are closest to the lead, fol-
lowed more posteriorly by the corticospinal tract fibers to 
the arm, and even more posteriorly by the corticospinal 
tract fibers to the leg. As such, if the stimulation-induced 
bradykinesia were due to current spread to the pyramidal 
tracts, the first symptoms experienced would more likely 
anatomically correspond to the face, and in fact dysar-
thria is almost always the first symptom to occur acutely 
with spread of stimulation to the internal capsule. The 
patients in this study, however, were deliberately pro-
grammed at a voltage level lower than the threshold for 
dysarthria or tonic facial contraction, and patients who 
complained of lower extremity symptoms did not report 
facial symptoms.

  Further, patients with the most benefit in dystonic 
symptoms tended to have the most difficulty with stimu-
lation-induced bradykinesia suggesting that stimulation-
induced bradykinesia may arise from the same neural 
circuit mediating the antidystonic effect rather than from 
a neighboring structure. Finally, using a current diffu-
sion model to evaluate the effect of extracellular stimula-
tion on the activation of neurons, McIntyre et al.  [14]  
found that at 3.0 V, 100  � s and 150 Hz, neurons greater 
than about 2.5 mm from the active electrode contact do 
not depolarize. Although our stimulation parameters on 
average were slightly higher than those used in the mod-
el by McIntyre, spread of current sufficient to cause wide-
spread capsular activation at the mean distance of 3.6 
mm between active contact and the border of the internal 
capsule seems unlikely.

  Others have reported isolated cases of hypokinetic 
motor affects following GPi stimulation in nonparkinso-
nian disorders, including worsening of bradykinesia in a 
patient with Huntington’s disease at high stimulation fre-
quencies  [15]  and the unilateral impairment of rapidly 
alternating movements in a patient treated with unilat-
eral GPi DBS for severe Gilles de la Tourette syndrome 
 [16] . Tisch et al.  [8]  reported the development of delayed-
onset akinesia with gait slowing, difficulty rising from a 
chair, and turning in bed in 2 patients treated with bilat-
eral GPi DBS for primary generalized dystonia. Inactiva-
tion of the GPi in normal nonhuman primates has been 
shown to decrease the amplitude and speed of arm move-
ments  [17–19] .

  Recently, several small series and a few case reports 
have reported subthalamic DBS as a possible treatment 
for primary and some secondary forms of dystonia  [20–
23] . Based on animal studies, surgical alteration of the 

indirect pathway alone would be expected to have fewer 
bradykinetic side effects than alteration of the direct and 
indirect pathways combined, but this remains to be dem-
onstrated in humans  [24, 25] .

  In patients with juvenile-onset primary generalized 
dystonia, Alterman et al.  [26]  found that 60-Hz stimula-
tion effectively treated dystonia symptoms. In our group 
of patients with adult-onset cervical and cranial-cervi-
cal dystonia, reducing stimulation frequency to 60 Hz 
eliminated bradykinetic adverse effects, but in almost 
all our patients this was associated with an unaccept -
 able worsening of dystonia symptoms. Interestingly, as 
the frequency was slowly titrated up to 100–110 Hz, 
many of our patients had partial relief of dystonia with-
out a significant induction of bradykinesia, possibly 
 reflecting a frequency range where a compromise be-
tween improvement in dystonia and induction of brady-
kinetic effects could be achieved. Further study of a fre-
quency-dependent relationship between improvement 
in dystonia and adverse motor effects in this patient 
population may contribute to our understanding of the 
mechanism of DBS that has already been revealed by 
stimulation frequency changes in other movement dis-
orders  [27] .

  This study has a number of limitations, including our 
use of a subjective, nonvalidated questionnaire, which 
sought patient information in a retrospective manner 
and is therefore subject to recall bias. Moreover, although 
patients’ descriptions of symptoms generally suggested 
bradykinesia, some of the induced motor symptoms may 
not be purely from bradykinesia and instead could be the 
result of other induced motor effects such as rigidity, mi-
crographia, or incoordination. Given the overall general 
satisfaction and dystonia improvement with GPi DBS, 
there also exists a potential for patients to underreport 
side effects. Objective measures of bradykinetic symp-
toms (such as comparing performances on specified mo-
tor tasks) are critical to better characterize and quantify 
changes. In future studies, it would be interesting to see 
if a relationship exists between degree of motor impair-
ment and the time point a patient develops stimulation-
induced symptoms. Rater- and subject-blinded testing 
would also greatly improve the validity of any future 
studies.

  In conclusion, GPi DBS appears to be a safe and effec-
tive therapy for focal and segmental forms of dystonia, 
including cervical and cranial-cervical dystonias. How-
ever, GPi stimulation in these patients may induce brady-
kinetic symptoms in previously unaffected limbs leading 
to difficulty with important motor tasks such as writing, 
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getting up from a chair or in/out of a car, and walking. 
Although these symptoms may be somewhat improved 
with alteration of stimulation parameters (frequency), 
they usually cannot be entirely eliminated without wors-
ening of dystonia.
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