FUNCTIONAL NEUROSURGERY Case Reports

Luigi M. Romito, MD, PhD

Department of Neurology,
Fondazione I.R.C.C.S. Istituto
Neurologico “Carlo Besta,’

Universita Cattolica del Sacro Cuore,

Milan, Italy

Antonio E. Elia, MD, PhD

Department of Neurology,
Fondazione I.R.C.C.S. Istituto
Neurologico “Carlo Besta,’

Universita Cattolica del Sacro Cuore,

Milan, Italy

Angelo Franzini, MD

Department of Neurosurgery,
Fondazione I.R.C.C.S. Istituto
Neurologico “Carlo Besta,’
Milan, Italy

Orso Bugiani, MD

Department of Neurosurgery,
Fondazione I.R.C.C.S. Istituto
Neurologico “Carlo Besta,’
Milan, Italy

Alberto Albanese, MD

Department of Neurology,
Fondazione I.R.C.C.S. Istituto
Neurologico “Carlo Besta,’

Universita Cattolica del Sacro Cuore,

Milan, Italy

Reprint requests:

Luigi M. Romito, MD,

Fondazione I.R.C.C.S. Istituto
Neurologico “Carlo Besta”

Via G. Celoria,

11 20133 Milan, Italy.

E-mail: luigiromito@istituto-besta.it

Received, June 10, 2009.
Accepted, March 5, 2010.

Copyright © 2010 by the
Congress of Neurological Surgeons

ONLINE

@ piGITAL
S VIDEO

NEUROSURGERY

Low-Voltage Bilateral Pallidal Stimulation
for Severe Meige Syndrome in a Patient With
Primary Segmental Dystonia: Case Report

BACKGROUND AND IMPORTANCE: Meige syndrome (MS) is an adult-onset segmental
dystonia characterized by the combination of upper and lower cranial involvement. Its
treatment is challenging and the use of oral medication or of botulinum neurotoxin treat-
ment is not decisive. Deep brain stimulation of the globus pallidus internum (GPi DBS) has
been used occasionally in severe cases.

CLINICAL PRESENTATION: We report the long-term efficacy of low-voltage chronic bilat-
eral GPi DBS in a patient with segmental dystonia featuring severe MS and cervical brachial
involvement. The patient received a bilateral ventroposterolateral GPi implant. Postoperative
3-dimensional reconstruction allowed checking of the definitive position of the electrode
and contacts within the targeted nucleus. Following implant, the patient received bilat-
eral low-voltage stimulation, consisting in amplitude of 1.3 V with a pulse width of 90
microseconds and a frequency of 130 Hz, yielding a current of 23 pA. Clinical follow-up for
38 months showed a progressive and sustained improvement of dystonia with unchanged
electrical settings throughout the observation period. The patient again undertook normal

life activities.

CONCLUSION: Bilateral low-voltage GPi stimulation allowed efficient control of MS symp-
toms and the associated brachial cervical dystonia.

KEY WORDS: Deep brain stimulation, Dystonia, Globus pallidum stimulation, Meige syndrome, Movement dis-

orders, Neurostimulation, Stimulation.
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eige syndrome (MS) is a primary adult-

onset segmental dystonia characterized

by upper and lower cranial involvement.!
Not uncommonly, dystonia spreads beyond cra-
nial muscle groups to involve, in particular, the
neck and the upper limbs.? The treatment of MS
is challenging, because oral medications** and
botulinum neurotoxin (BoNT)>¢ often lead to
partial or incomplete remissions. It has been
recently shown that some patients with MS can
benefit from deep brain stimulation of the globus
pallidus internum (GPi DBS).”"12 We describe

ABBREVIATIONS: BoNT, botulinum neurotoxin;
DBS, deep brain stimulation; GPi, globus pallidum
internum; MS, Meige syndrome
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here the long-term efficacy of low-voltage chronic
high-frequency bilateral GPi DBS in a patient
who experienced segmental dystonia consisting of
severe MS that had spread to involve the neck
and the upper limbs. The value of this case is
placed in the context of the available data on GPi
DBS treatment of MS.

CLINICAL PRESENTATION

A right-handed attorney-at-law with no remarkable
personal or family history and no exposure to neu-
roleptic drugs or other recognizable cause of dys-
kinesias developed a progressive bilateral blepharospasm
in 1993, at the age of 56. By 1994, he developed in-
voluntary lower face contractions and severe tongue
spasms associated with difficulties in speech articula-
tion and swallowing. A diagnosis of MS! was then
formulated. There was no evidence of a somatoform
or psychogenic disorder. Brain magnetic resonance
imaging (MRI) was unremarkable. By 2001, dystonia
gradually spread to further involve the cervical district.
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Upon examination in 2005, the patient presented with cranial and cer-
vical dystonia, encompassing severe blepharospasm, oromandibular dys-
tonia with prominent tongue protrusion, cervical dystonia with left head
tilt and rotation to the left, proximal and distal upper limb dystonia (see
Video 1, Supplemental Digital Content 1, hetp:/links.lww.com/NEU/A331,
which demonstrates dystonic features before surgical treatments. Note
severe lower and upper face (with evident tongue protrusion) and cervi-
cal district involvement). He also reported temporomandibular pain,
dysarthria, and dysphagia. Gestes antagonistes consisted in touching his
chin with the right hand index and thumb and in chewing gum to facil-
itate speaking and swallowing (see Video 1, Supplemental Digital Content
1, heep://links.Iww.com/NEU/A331).

Benzodiazepines and trihexyphenidyl produced no benefit. Repeated
local BoNT injections did not relieve dystonia. The patient was then
scheduled for GPi DBS and provided written informed consent. Clinometric
assessments were performed using the blepharospasm/oromandibular
scale,'? the Toronto Western Spasmodic Torticollis Rating Scale,'* and the
motor section of the Fahn-Marsden Dystonia Rating Scale.!

INTERVENTION

The patient was 68 years of age when stimulators were implanted
bilaterally in the ventroposterolateral portion of the GPi, accord-
ing to standard procedures.' Preoperative MRI examination was
performed to determine the intercommissural line, the intercom-
missural plane, and the midcommissural point. Under general
anesthesia, a head frame (Leksell G; Elekta Instruments AB,
Stockholm, Sweden) was tilted in the sagittal plane to the approx-
imate AC-PC plane. A preoperative computed tomography (CT)
examination was obtained in stereotactic conditions using a vol-
umetric technique with a slice thickness of 1 mm and a gantry angle
of 0°. Magnetic resonance images were fused with CT scans
obtained under stereotactic conditions through an ad hoc work-
station and software (Sofamor Danek Stealth Station, Frame-link
4.0; Medtronic, Inc., Memphis, TN) that provided stereotactic
coordinates of the three-dimensional virtually built space.

The following coordinates were used for GPi targeting: 2 mm
anterior to the midpoint of the AC-PC line, 20 mm lateral to
the midline, and 6 mm below the intercommissural plane. These
coordinates were used to identify a point that appeared to be in
the GPi on the fused MRI images. A rigid cannula was inserted
through a precoronal paramedian burr hole. A quadripolar DBS
electrode (DBS-3389; Medtronic, Inc., Minneapolis, MN) was
then inserted into the ventroposterolateral portion of each GPi.
Intraoperative microelectrode recording was not performed. To
verify the occurrence of possible unacceptable postoperative side
effects during chronic stimulation, intraoperative test stimula-
tion was performed in bipolar mode using contacts 0- 3+, 130
Hz, and a 90-microsecond pulse width (3625 external tester;
Medtronic, Inc., Minneapolis, MN). Voltage threshold for tonic
facial contraction was 7.8 V for the left side GPi and 8.1 V for
the right side GPi; tonic hand contraction was elicited only by
stimulating left side GPi over 8.4 V. DBS electrode was then
fixed and secured in the burr hole by using a flange (Ethicon
Bioplate Co., J&J, Raynham, MA).
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FIGURE. Postoperative CT slice merged with Franzinis
stereotactic atlas, 4 mm below the commissural plane.
The artifacts of active contacts are present on both brain
sides and are represented by red circles on the correspon-
ding atlas slice (lower right). Green = globus pallidus
internum, pale blue = subthalamic nucleus, gray = inter-
nal capsula (Snapshot from the virtual ventriculography
program by Wandor software, Dolgo, PC, Italy).

After that and during the same surgical session, both elec-
trodes were connected to a pulse generator (Soletra; Medtronic,
Inc.). A postoperative CT scan was used to control the electrode
positioning and to check for potential surgical complications
before starting stimulation. Finally, 3-dimensional reconstruc-
tion based on postoperative CT was performed to check the
definitive position of the electrodes and contacts within the tar-
geted nuclei (Figure).

Twelve hours after the implant, the patient presented a right-
sided faciobrachial paresis: a further CT scan revealed a little hem-
orrhage along the left lead track, contiguous to the genu of the
internal capsule. A gradual recovery occurred during the next 24
hours, with the only sequela of a mild lower right facial paresis. The
surgical procedure was otherwise uneventful.

Stimulation parameters were checked to identify the acute
effects on dystonic movements and postures and to determine
the threshold for side effects. Chronic stimulation started 4 days
after surgery; amplitude and pulse width were gradually increased
over a period of a week to reach the following final electrical set-
tings on either side: amplitude, 1.3 V; pulse width, 90 microsec-
onds; frequency, 130 Hz; contacts, 0 and 1 were cathodes with
positive case. A total current of 23 pA was delivered through the
electrodes. Stimulation settings remained unchanged from the
first week on, because we noted an acute effect of stimulation on
dystonic signs, with gradual recovery of blepharospasm and oro-
mandibular dystonia within days; the effect on neck and upper
limb dystonia occurred later. Because of the clearly progressive
clinical improvement, we were encouraged to further fix these
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TABLE 1. Patient’s Dystonia Scores Before and After Bilateral
Globus Pallidus Internum Deep Brain Stimulation?
|:1e;:::t 6Mo 12Mo 38 Mo
BS/OMD-RS
BS score 4 1 0 0
OMD score 4 0 0 0
FMDRS-motor score 66 9 4 4
FMDRS eyes 8 0.5 0 0
FMDRS mouth 8 0.5 0 0
FMDRS speech and 12 4 0 0
swallowing
TWSTRS-total 63 3 4 4
TWSTRS-severity score 31 3 4 4
TWSTRS-disability score 26 0 0 0
TWSTRS-pain score 6 0 0 0

“BS/OMD-RS, Blepharospasm and Oromandibular Rating Scale; FMDRS, Fahn-
Marsden Dystonia Rating Scale; TWSTRS, Toronto Western Spasmodic Torticollis
Rating Scale; mo, months.

initial stimulation settings and observe their medium and long-
term benefits.

At 6 months, clinical examination showed an almost com-
plete recovery of dystonia with a complete relief of pain; ble-
pharospasm, speech, and swallowing difficulties had almost
completely resolved. Twelve months after implant, a further clin-
ical improvement was evident. The marked improvement was
still appreciable 38 months after the implant without the occur-
rence of fluctuations of motor conditions. Table 1 and supple-
mental videos (see Video 1, Supplemental Digital Content 1,
htep://lww.links.com/NEU/A331 and Video 2, Supplemental
Digital Content 2, http://lww.links.com/NEU/A332, which
demonstrates dystonic features, at different follow-ups after GPi
stimulation with evidence of residual postoperative lower right
face paresis) show the patient’s preoperative and postoperative
clinical conditions.

The patient returned to a normal life and started a new job as
a theater manager.

DISCUSSION

MS is a segmental adult-onset dystonia.»»!” The clinical course
is variable and often complicated by dystonia spread to extracra-
nial sites. Local BONT injections are a first-line treatment option
for blepharospasm,'®!” but no recommendations are available for
the oromandibular component of MS. In cases, such as this patient,
where medical options are of limited efficacy, DBS stands a viable
alternative. Uncontrolled and controlled studies have yielded
promising results 12021 in keeping with the observation that
axial signs of dystonia may responds to DBS.1¢:2!
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Table 2 compares stimulation settings and outcomes in 14 MS
patients treated with GPi DBS. Earlier follow-up reached 24
months® compared with 38 months in the present case. Furthermore,
previous reports have applied a wide range of stimulation settings,
with amplitude ranging from 2.5 to 5.2V, frequency from 60 to
185 Hz, and duration of impulse from 90 to 500 microseconds.
In this patient, voltage and pulse width were lower than previ-
ously reported. According to the postoperative reconstruction per-
formed in most cases, pallidal stimulation site also differed among
reported MS cases: it was posterior in 7, posteroventral in 4, and
undetermined in the remaining 3 cases.

In all but one®? of the earlier patients, the clinical benefit on
dystonia prevailed in the upper face compared with the lower cra-
nial muscles. The article reporting lower cranial improvement
used low-voltage stimulation with long pulse duration.?? We found
that low-amplitude stimulation (1.3 V) is appropriate to attain a
sustained clinical and functional control of both upper and lower
facial dystonia in MS. This is confirmed by a 3-year follow-up
showing progressive and stable benefit over time. It has been pre-
viously reported that clinical habituation to stimulation may occur
1 week? to 6 months®? after continuous stimulation. In the pres-
ent patient, there was no habituation and no need to vary elec-
trical setting after the first postoperative week.

We decided not to withdraw stimulation in the postoperative
period. This would have allowed verifying the possible recurrence
of dystonia features, but may have exposed the patient to unnec-
essary distress. Accidental arrest of stimulation is associated with
recurrence of mobile (phasic) dystonia features within few min-
utes and of tonic features with a longer delay.*?

The present observation further emphasizes the role played by
the GPi in the pathophysiology of MS. In patients with general-
ized dystonia it has been shown that posteroventral GPi locations
provide better control of axial dystonia features (in particular,
trunk and neck).?4 Furthermore, reports on MS cases secondary
to GPi lesions indicate that this basal ganglia component is par-
ticularly involved in this type of dystonia.?>2¢

Clinical outcome after DBS implant most likely depends on
contact location: in the near future, more standardized protocols
will provide a somatotopically oriented implant procedure aimed
to give the maximal clinical improvement on dystonia.

CONCLUSION

Low-voltage stimulation of the ventroposterolateral compo-
nent of the globus pallidus internum is efficacious in controlling
MS and the associated spread of dystonia to the cervical and upper-
limb segments. The efficacy and safety profiles of GPi DBS treat-
ment for severe MS is favorable. With low-voltage stimulation,
there was no evidence for habituation even in the long term.
Further studies are necessary to better elucidate the pathophysi-
ology of dystonia and the ways by which electrical modulation of
corticobasal ganglia-thalamic-cortical circuitry counteracts this
movement disorder.
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TABLE 2. Clinical Features and Improvement in Meige Syndrome Patients After Globus Pallidus Internum Stimulation”

Patient/  Age at Disease LastFU, Extracranic Site of DBS Best Stimulation Dystonia Score
References R
Sex Implant, y Duration,y mo Involvement  Implant Parameters Improvement at Last FU
Muta et al, 1/F 61 18 NA Neck, trunk, R Bil GPi 3.6V, 500 ps, 60 Hz. FMDRS 80%
2001 10 hand
Capelle et al, 1/F 60 5 24 None Bil GPi 4.3V, 210 ps, 130 FMDRS eyes 92%, FMDRS
2003 8 Hz. mouth 75%, FMDRS
speech/swallowing 30%
Foote et al, 1/M 47 5 15 None PVGPi  R:2.5V,450 ps, 185 UDRS eyes 57%, UDRS lower
2005 22 Hz; L: 3.3V, 450 us, face 83%
185 Hz.
Houser and 1/F 46 2 6 None PV GPi R:3.8V, 210 us, 160 FMDRS 75%, UDRS 85%
Waltz, 2005 ° Hz; L: 2.6V, 210 us,
160 Hz.
Opherk et al, 1/M 65 NA 4 Torticollis Bil GPi NA NA
2006 "
Ostrem et al, 6/M 62.2 (range 8.2 (range 6 Mild arm or P GPi Range: 2.9-5.0V, FMDRS eyes 78.5%, FMDRS
2007 2 1/F 52-70) 2-20) trunk dystonia 90-210 ps, 145-185 mouth 73.3%, FMDRS speech/
in two pts Hz. swallowing 48%; TWSTRS 54%
Blomstedt 1/M 44 18 18 R hand tremor PV GPi R:5.2V, 120 ps, 145 FMDRS 71.5%
et al, 2008 7 Hz; L: 4.9V, 120 ps,
145 Hz.
Present 1/M 67 11 38 Neck, upper PV GPi 1.3V, 90 ps, 130 Hz. BS/OMD-RS 100%, FMDRS eyes
patient limbs 100%, FMDRS mouth 100%,

FMDRS speech/swallowing
100%; TWSTRS 93%

“ FMDRS, Fahn-Marsden dystonia rating scale; TWSTRS, Toronto Western Spasmodic Torticollis Rating Scale; UDRS, Unified Dystonia Rating Scale; FU, follow-up;mo, months; L,
left; R, right; F, female; M, male; Bil, bilateral; NA, not available; DBS, deep brain stimulation; GPi, globus pallidum internum; PV GPi, posteroventral GPi; P GPi, posterior GPi.
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COMMENT

his single report shows good effectiveness of bilateral deep brain stim-

ulation (DBS) of the globus pallidus internum in a single patient with
Meige syndrome (MS), replicating several other reports but distinct in
showing effects at only 1.4 V. It is unclear why the low voltage is effec-
tive in this case compared with others, possibilities including (1) that
others did not try this low voltage, (2) location of the DBS leads (which
is not substantially different than other reports, individual variability
notwithstanding), (3) difference in this individual patient, or (4) that
low voltage is indeed different than higher voltages. Of course, the crit-
ical parameter is not the voltage per se, but the current density and the
voltage gradient it induces in the surrounding tissue. Ranck discussed
many years ago that there can be depolarization close to the current source
and hyperpolarization beyond that: one wonders whether the latter is
working at odds with the former, and by limiting the size of the field one
is actually improving results. It will be interesting to see follow-up of
low-voltage and smaller pulse width stimulation in a cohort of patients,
both with MS and more generalized dystonias.

Robert E. Gross
Atlanta, Georgia
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