
CASE REPORT

Deep brain stimulation (DBS) surgery for the treat-
ment of movement disorders usually employs stim-
ulation at a single site in one or both hemispheres. 

However, multitarget surgery is a recognized strategy for 
attempting greater functional improvement in clinically 
complex/atypical presentations of various movement dis-
orders.18,24,25 This strategy, and target selection, is pursued 
largely through experience and clinical judgment given the 
paucity of published cases. We present a series of neurosur-
gical patients with challenging movement disorders who 
benefitted from dual pallidal and thalamic DBS (Fig. 1).

Case Reports
Case 1

A 35-year-old woman with a history of migraine pre-
sented with an uncharacteristically severe headache. Imag-
ing revealed a midbrain hemorrhage secondary to a caver-
noma, with features of hypertrophic olivary degeneration. 

Her condition progressed to developing speech difficul-
ties, left-sided one-and-a-half syndrome, and a bilateral 
mixed movement disorder with dystonic posturing and 
palatal myoclonus. Her tremor was predominantly right-
sided, postural and resting, but with significant kinetic and 
intention tremor in the right arm. She was later referred 
to the functional neurosurgery department and implanted 
with bilateral DBS electrodes targeting the globus palli-
dus interna (GPi) and ventralis intermedius nucleus of the 
thalamus (VIM). Thalamic stimulation alone improved 
her tremor by approximately 50%, with benefits observed 
in her speech and diplopia, as well as the severity of her 
migraines. Unfortunately, this was accompanied by a de-
terioration in her dystonia. Pallidal stimulation was in-
troduced at 4 months, which subsequently improved her 
right foot posturing. At the 16-month follow-up evaluation, 
despite minimal improvements in her activities of daily 
living (ADLs; Bain and Findley Clinical Tremor Rating 
Scale [TRS]2 score change: 74 [preoperative] to 70), large 

ABBREVIATIONS ADL = activity of daily living; DBS = deep brain stimulation; GPi = globus pallidus interna; HT = Holmes tremor; TRS = Tremor Rating Scale; VIM = ven-
tralis intermedius nucleus of the thalamus; VOP/ZI = ventralis oralis posterior of the thalamus/zona incerta.
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improvements in her symptoms, including palatal tremor, 
were reported (Table 1), attributed to surgery and achieved 
with minimal side effects. At her 4-year postoperative as-
sessment, the patient discontinued routine follow-up due to 
minimal changes in her symptomatology and overall satis-
faction with DBS therapy.

Case 2
A 67-year-old man was referred to the functional neu-

rosurgery department with a “florid hyperkinetic move-
ment disorder with atypical dystonic features” refractory 
to medical management. At age 11 his gait became abnor-
mal with a “turned in” foot, and he later developed postur-
al instability. His gait became progressively abnormal, and 
by his mid-20s his legs were stiff. He developed a tremor 
in both hands, which progressively worsened alongside a 

progressive spastic paraparesis. His tremor was previously 
relieved by botulinum toxin injections and alcohol but 
was no longer responsive to either. He became reliant on 
walking aids, eventually becoming wheelchair-bound by 
age 61. Both his father and brother developed less severe 
tremor disorders, with his brother also exhibiting postural 
instability. On examination he was dysarthric and exhib-
ited a bilateral polymorphic tremor of the head, arms, and 
trunk with dystonic elements, joint stiffness, and reduced 
sensation bilaterally below the thigh. He could not write 
and was dependent on his wife for all ADLs. Genetic test-
ing was negative for FMR1 (fragile X–associated tremor/
ataxia syndrome), SCGE (myoclonic dystonia), ATM 
(ataxia-telangiectasia), SCA 1, 2, 3, 6, 7, 12, and 17 (spi-
nocerebellar ataxia), APTX, and SETX (ataxia oculomotor 
apraxia 1 and 2) mutations. He underwent bilateral DBS 
electrode placement in the ventralis oralis posterior of the 
thalamus/zona incerta (VOP/ZI) and GPi with immediate 
clinical benefit from thalamic stimulation, regaining the 
ability to write, wash, and feed himself. “Dramatic im-
provement” was maintained for more than 2 years. His 
legs also improved, so that he was able to walk very short 
distances. However, at the 3-year follow-up deterioration 
was noted, particularly in the ability to write with thalam-
ic stimulation. He presented to the clinic with a dystonic 
head tremor, variable postural and action tremor (particu-
larly with the right hand), and some degree of ataxia. With 
pallidal leads already in situ, thalamic stimulation was 
withdrawn and pallidal stimulation introduced with clear 
improvement. At the 4-year follow-up he had regained 
the ability to write, feed himself, and drink from a cup 
(Table 2). However, he reported difficulty ambulating af-
ter cessation of VOP stimulation. Since then, he has been 
maintained on dual thalamo-pallidal stimulation, and at 9 
years’ follow-up he describes his tremor control as “excel-
lent.”

Case 3
A 40-year-old woman presented to the emergency de-

partment with left-sided numbness, and on examination 
was noted to have a right-sided ptosis, left-sided facial 
weakness, and ataxia. Imaging showed a hematoma in the 
right midbrain and cerebral peduncle, for which she was 
managed conservatively. Four weeks later she developed a 
left-sided tremor of both upper and lower limbs and was 
diagnosed with Holmes tremor (HT). Most of her func-
tional difficulty occurred during ambulation, balance, and 

TABLE 1. Summary of case characteristics

Case 
No. Targets

Age at Surgery 
(yrs), Sex Diagnosis

Preop TRS 
Score

Postop  
TRS Score

FU 
(yrs)

1 VIM + GPi 40, F Mixed movement disorder secondary to brainstem cavernoma 
hemorrhage w/ hypertrophic olivary degeneration

30 8 1

2 VOP/ZI + GPi 67, M Upper body mixed tremor & dystonia disorder of uncertain 
cause (possibly genetic, or spinocerebellar ataxia)

78 16 5

3 VIM + GPi 42, F Lt HT secondary to brainstem hemorrhage 27 8 3
4 VOP/ZI + GPi 60, F Lt hemiballismus & chorea secondary to head injury 32 11 4

FU = most recent follow-up appointment during which a tremor score was recorded with dual-target stimulation.

FIG. 1. Representative postoperative axial fused CT-MRI scan showing 
typical electrode placements in a patient treated with bilateral pallido-
thalamic DBS. Figure is available in color online only.
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tasks such as cooking. She was initially treated with an-
ticholinergics, levodopa, and clonazepam with little ben-
efit. She was subsequently referred for surgical manage-
ment and right-sided GPi and VIM DBS electrodes were 
placed. Three months postoperatively, her foot tremor was 
completely resolved, which allowed her to perform most 
ADLs independently. During programming, it was noted 
that pallidal stimulation was best for controlling her low-
er-limb tremor, while thalamic stimulation primarily al-
leviated her upper-limb tremor. Her tremor has been well 
controlled for 10 years, with minimal residual symptoms.

Case 4
A 60-year-old woman was referred with left-sided 

hemiballismus and chorea secondary to a traumatic intra-
parenchymal hemorrhage. Five years prior, she sustained a 
skull fracture and right thalamic hematoma after a fall, for 
which she was managed conservatively. She had minimal 
resultant limb weakness, but exhibited involuntary, erratic 
movements of her left arm and neck. She also experienced 
discoordination of her left leg but remained able to ambu-
late. Genetic testing for Huntington’s chorea was negative. 
Trials of benzodiazepines, tetrabenazine, haloperidol, and 
pimozide produced modest benefit. However, medications 
were eventually discontinued due to symptoms of depres-
sion and drug-induced dyskinesias. On examination, there 
were continuous left-sided thrashing movements and dys-
tonia of the left arm. She also displayed involuntary oro-
mandibular movements and choreiform movements of the 
tongue. She then underwent implantation of right-sided 
VOP and GPi electrodes with substantial benefit. Unfor-
tunately, 1 month postoperatively her system had to be 
removed due to infection, with an expected return of her 
choreiform symptoms. Six months later both pallidal and 
thalamic leads were re-implanted. Significant improve-
ment was noted with both VOP and GPi leads OFF, likely 
due to stun effect; however, VOP stimulation was resumed 
without delay. Modifications to thalamic stimulation pa-
rameters were required but would, at times, result in side 
effects such as slurred speech at higher amplitudes (3.0 
V). Therefore, at 5 months, lone pallidal stimulation was 
trialed, which relieved her dystonic shoulder symptoms, 
but she quickly returned to lone thalamic stimulation as 
her ballismus worsened. At 8 months she had mild left 
tongue chorea but demonstrated good control of her left 
arm despite some posturing of her left wrist. However, she 
was most bothered by her left shoulder still “pushing for-

ward” throughout the day, giving her constant neck ache. 
Dual stimulation was then initiated at the 1-year follow-
up. She was very happy with the improvement from stimu-
lation: reintroduction of pallidal stimulation had made her 
shoulder much calmer, and thalamic stimulation had con-
tinued to control her hemiballismus. She was independent 
in many ADLs and able to do much more around the home 
than previously. At 4 years’ follow-up, benefits have been 
sustained: she is currently maintained on dual stimulation 
with substantial improvement of her chorea and ballistic 
movements and is much happier than before surgery.

Discussion
The VIM is generally the preferred DBS target for es-

sential tremor, typically ameliorating tremor within sec-
onds of stimulation.22 Hyperkinetic disorders manifest as 
a result of excessive disinhibition of thalamocortical pro-
jections and the VIM is believed to be a critical node in 
generating, relaying, or amplifying this dysfunctional os-
cillatory activity. In our experience, VIM stimulation reli-
ably produces benefits for distal tremor, while the VOP is 
more efficacious with patients exhibiting proximal tremor. 
VOP has connections with the supplementary motor area 
and dorsolateral prefrontal cortex, whereas the VIM has 
strong connections with the primary motor cortex and 
cerebellum,9 suggesting important strategic differences 
for neuromodulation of movement disorders at these loci. 
Approaches to targeting these nuclei will vary depend-
ing on the individual anatomy, particularly the width of 
the third ventricle and laterality to the internal capsule.16 
Generally, both nuclei can be identified 2–3 mm medial to 
the thalamo-capsular interface, with the VIM located 3–5 
mm posterior, 12–14 mm lateral, and 0 mm vertical rela-
tive to the midcommissural point. In contrast, the VOP/
ZI can be targeted approximately 2 mm anteromedially to 
the VIM, while advancing leads at a posteromedial angle 
until the electrode lies medial to the subthalamic nucleus 
posteriorly.

The therapeutic benefits of GPi stimulation on dys-
tonia tend to manifest over weeks to months, although 
phasic symptoms may improve more acutely.12,28 The GPi 
is a critical inhibitory output nucleus of the direct, indi-
rect, and hyperdirect motor pathways to the ventrolateral 
thalamus and brainstem. Alteration of this output during 
chronic DBS likely leverages neuroplasticity, driving reor-
ganization of dysfunctional networks.21 Similarly, normal-
ization of pathological network activity has been achieved 
with chronic dual-target DBS for HT, maintained even 
upon withdrawal of stimulation.11

Cases 1, 2, and 4 did not present with either pure tremor 
or pure dystonia, instead exhibiting complex combina-
tions of motor symptoms, for which optimal management 
from single-target surgery would be optimistic. Although 
in each case there was an argument for pallidal or tha-
lamic stimulation, the multidisciplinary team (consisting 
of a movement disorder neurologist, neurosurgeon, and 
neuropsychologist) agreed that there was a very low pre-
operative probability of achieving satisfactory long-term 
outcomes with DBS in either target. In our experience, 
the response of these patients to single-target DBS (VIM/

TABLE 2. TRS assessment for case 2

Time Point Active DBS
TRS Score

ADLs Head Rt Arm Lt Arm

Preop NA 97 18 30 30
Postop VOP/ZI 85 2 15 13
1 yr VOP/ZI 65 2 13 11
2 yrs VOP/ZI 68 2 7 7
3 yrs VOP/ZI 85 11 18 11
4 yrs GPi 54 3 3 10

NA = not applicable.
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VOP or GPi) is highly unpredictable. The severe, atypical 
nature of these patients’ symptoms, as well as supportive 
literature,19 justified a dual-target approach. The team be-
lieved this strategy would remove the burden and risks of 
a highly likely secondary surgery, while maximizing ef-
ficiency in healthcare delivery.

The grounds for this preoperative judgment were sub-
sequently validated as our patients demonstrated variabil-
ity in their clinical response to lone thalamic/lone pallidal 
DBS. Symptomatic control was initially attempted with 
stimulation at the thalamic site (which offers the most im-
mediate clinical benefits) for tremor-dominant patients. 
However, the “stun effects” from lead insertion alone 
have been shown to produce long-term (at least up to 6 
months) alleviation of symptoms.13 The stun effect at the 
GPi, with DBS OFF, is believed to be therapeutic, akin to 
a micropallidotomy. Case 4 is an example of this, in which 
a therapeutic stun effect was observed immediately post-
operatively. Lead placement in the GPi likely contributed 
to the patient’s improvement, particularly her dystonic 
symptoms, despite the lead not being activated for a num-
ber of months while receiving only thalamic stimulation. 
However, ultimately, each of these patients benefitted most 
from long-term dual-stimulation DBS (Fig. 2, green) with 
lower stimulation settings at each lead.

Case 3 had HT, for which thalamic and pallidal tar-

gets have both previously proved therapeutic, with some 
evidence of synergism,5,6 and which resulted in a success-
ful outcome for our patient without the necessity to trial 
each target individually. We recognize that dual stimula-
tion may have adverse effects by disrupting the benefits of 
stimulation at one site. Indeed, this was often encountered 
during adjustments of DBS parameters. A systematic, it-
erative feedback process was used during programming 
(Table 3) to achieve the best anatomical coverage of symp-
toms while minimizing the observed side effects of stim-
ulation (such as difficulty writing in case 2 and slurred 
speech in case 4). This involved locating optimal elec-
trode contacts, with bipolar settings used preferentially to 
prolong battery longevity.1 Stimulation parameters were 
optimized by primarily manipulating amplitude, then 
pulse width and frequency if necessary, to reduce the like-
lihood of DBS-induced side effects.3 Finally, leveraging 
the flexibility of choice among targets proved important 
in achieving the best therapeutic outcome for these pa-
tients when optimization of a single target was no longer 
deemed satisfactory.

The likelihood of complications will be increased with 
multitarget DBS, such as the lead-associated infection in 
case 4, and meaningful therapeutic success is not guaran-
teed.4 There is a dearth of literature on multitarget DBS 
for movement disorders, including reports of synergistic 

TABLE 3. Sample of initial DBS programming table, demonstrating the various iterations required to individualize and optimize stimulation 
parameters in a single channel to target arm and leg tremor from VIM stimulation

Contacts
Rate (Hz) Pulse Width (μsec) Amplitude (V or mA) Effects† Side EffectsCase* 0 1 2 3

+ − 130 90 2.5 0 Paresthesias in lt leg
+ − 130 120 3.5 0 Paresthesias in lt leg
+ − 130 90 1.8 ++ Mouth & facial twitching
+ − 130 90 1.4 0 Circumoral paresthesias
+ − 130 90 1.8 0 Slight facial twitching
+ − 130 90 2.4 0 None

− + 130 100 3.6 Arm tremor +++, leg tremor 0 Slight facial twitching
− + 130 120 4.1 Arm tremor +++, leg tremor 0 Slight facial twitching

− + 130 120 3.6 0 None
− + 130 90 3.5 Arm tremor +++, leg tremor + None

* Metal case of the implantable pulse generator.
† Positive effects + (mild), ++ (moderate), or +++ (strong); 0 = no effect.

FIG. 2. Timeline of active stimulation electrodes used in each multitarget DBS case. Figure is available in color online only.
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effects on symptom alleviation7,23,26 or efficacy on different 
symptoms.15 There are also reports of single-lead efficacy 
after dual implantation, where the optimal choice of target 
is unclear.10 In such a scenario, single-lead surgery may 
lead to failure and uncertainty over whether to proceed 
to another surgery. Even among homogenous etiologies, 
clinical response to particular DBS targets can vary con-
siderably.8,27 In preparation for such uncertainty, multitar-
get implantation at first operation is therefore plausible, in-
creasing available permutations to establish and optimize 
therapy with ease and without the need for reoperation. 
However, staged dual stimulation, a more conservative ap-
proach, has also been successful in HT,20 dystonic trem-
or,14 and idiopathic Parkinson’s disease.17

Weighing the risk and benefits of a multitarget ap-
proach for each patient is an important and delicate exer-
cise. Such an approach can be undertaken with a reason-
able safety profile, but it relies on the requisite capacity 
and expertise to optimize DBS management. However, as 
we have demonstrated, for patients with severe, complex, 
or unusual movement disorders, multitarget stimulation 
has the potential to provide significant therapeutic benefit.
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