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Spasmodic dysphonia (SD) is a neurological disorder of the voice where a patient’s ability to speak is compromised
due to involuntary contractions of the intrinsic laryngeal muscles. Since the 1980s, SD has been treated with botulinum
toxin A (BTX) injections into the throat. This therapy is limited by the delayed-onset of benefits, wearing-off effects, and
repeated injections required every 3 months. In a patient with essential tremor (ET) and coincident SD, the authors set
out to quantify the effects of thalamic deep brain stimulation (DBS) on vocal function while investigating the underlying
motor thalamic circuitry.

A 79-year-old right-handed woman with ET and coincident adductor SD was referred to our neurosurgical team. While
primarily treating her limb tremor, the authors studied the effects of unilateral, thalamic DBS on vocal function using

the Unified Spasmodic Dysphonia Rating Scale (USDRS) and voice-related quality of life (VRQOL). Since dystonia is
increasingly being considered a multinodal network disorder, an anterior trajectory into the left thalamus was deliberately
chosen such that the proximal contacts of the electrode were in the ventral oralis anterior (Voa) nucleus (pallidal outflow)
and the distal contacts were in the ventral intermediate (Vim) nucleus (cerebellar outflow). In addition to assessing on/
off unilateral thalamic Vim stimulation on voice, the authors experimentally assessed low-voltage unilateral Vim, Voa, or
multitarget stimulation in a prospective, randomized, doubled-blinded manner. The evaluators were experienced at rating
SD and were familiar with the vocal tremor of ET. A Wilcoxon signed-rank test was used to study the pre- and posttreat-
ment effect of DBS on voice.

Unilateral left thalamic Vim stimulation (DBS on) significantly improved SD vocal dysfunction compared with no stimu-
lation (DBS off), as measured by the USDRS (p < 0.01) and VRQOL (p < 0.01). In the experimental interrogation, both
low-voltage Vim (p < 0.01) and multitarget Vim + Voa (p < 0.01) stimulation were significantly superior to low-voltage Voa
stimulation.

For the first time, the effects of high-frequency stimulation of different neural circuits in SD have been quantified. Unex-
pectedly, focused Voa (pallidal outflow) stimulation was inferior to Vim (cerebellar outflow) stimulation despite the clas-
sification of SD as a dystonia. While only a single case, scattered reports exist on the positive effects of thalamic DBS on
dysphonia. A Phase 1 pilot trial (DEBUSSY; clinical trial no. NCT02558634, clinicaltrials.gov) is underway at the authors’
center to evaluate the safety and preliminary efficacy of DBS in SD. The authors hope that this current report stimulates
neurosurgeons to investigate this new indication for DBS.
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der of the voice where a patient’s ability to speak
is compromised due to involuntary contractions of
the laryngeal muscles.>>2°3° SD is the third most common
focal dystonia,” following cervical dystonia and blepha-
rospasm, and significantly limits an individual’s ability to
communicate effectively. Since the 1980s, the standard of
care for SD has been to inject botulinum toxin A (BTX)
into the laryngeal muscles.’ This treatment causes a chem-
ical denervation, thereby diminishing the spasms.> Unfor-
tunately, BTX therapy has several limitations, rendering
its use suboptimal. First, the clinical effect is temporary,
and repeated injections are required approximately every
3 months.?* Second, there is a delay in the onset and a fad-
ing of the benefits, resulting in optimal symptom control
for only a portion of a treatment cycle.>** Furthermore,
some patients may develop neutralizing antibodies, ren-
dering BTX ineffective.** Another approach has been la-
ryngeal denervation surgery.>* These approaches, mimick-
ing the early treatments for cervical dystonia, ignore the
central neurological dysfunction and focus on weakening
the muscles so that the resulting spasms are diminished.
In adductor SD (80%—-90% of SD cases), the vocal
cords slam together and stiffen, making it difficult to pro-
duce speech.? The thyroarytenoid muscle spasms force the
vocal cords to adduct, producing a voice commonly de-
scribed as strained, choppy, and full of effort. As a result,
significant social embarrassment and inability to work and
pursue hobbies can impact an affected individual’s quality
of life.”® Very rarely, a patient with essential tremor (ET)
requiring DBS may also have concurrent SD. In one such
patient with ET and coincident adductor SD, we investi-
gated the effects of thalamic deep brain stimulation (DBS)
on vocal function while interrogating the underlying pal-
lidal and cerebellar circuitry.

SPASMODIC dysphonia (SD) is a neurological disor-

Case Report

The University of British Columbia Clinical Research
Ethics Board approved this study. The patient provided in-
formed consent for participation in this study.

Patient and Study Design

A 79-year-old right-handed woman with ET was re-
ferred for left thalamic DBS surgery to ameliorate her
dominant right upper limb tremor. This patient also had
concurrent adductor SD that was being treated with BTX
for the previous 2 years at our institution’s voice clinic. A
DBS electrode was placed into her left thalamic ventral in-
termediate (Vim) nucleus via a trajectory selected to place
the more proximal contacts in her ventral oralis anterior
(Voa) nucleus. Postoperatively, a mild change in the pa-
tient’s speech was noted by the attending neurosurgeon.
Six months after optimizing the stimulation to reduce her
right upper-limb tremor, she entered the study. First, we
compared measures of voice, and quality of life after 14
days of Vim DBS or 14 days of sham stimulation in a pro-
spective, randomized, evaluator-blinded manner. Second,
we prospectively evaluated her vocal characteristics after
5 days of randomized, double-blinded focal stimulation of
the following nuclei: Vim, Voa, and Vim + Voa. Based
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on the fusion note, low voltages (2.0 V) in bipolar con-
figuration were used in an attempt to focus the stimula-
tion within the desired nuclei. Bipolar electrode settings
were purposely chosen to narrow the electrical field and
because the maximal current density is presumed to be
near the cathodal (-) electrode contact.

Surgery

Standard frame-based stereotactic neurosurgical plan-
ning for Vim tremor surgery was conducted. We selected
her left Vim target relative to the midcommissural point
(MCP) to be anterior -5.5 mm, lateral —12.6 mm, and
vertical 0.0 mm with an approaching ring angle of 60°
(arc angle of 18°). We deliberately selected this anterior
approach so that the proximal contacts of the electrode
would be in the Voa nucleus. We chose this in the mis-
taken belief that the proximal electrode contacts would
benefit her SD, while her more distal electrode contacts in
the Vim nucleus would benefit her tremor. Microelectrode
recording of thalamic bursting phase locked with arm
tremor and macrostimulation to block tremor was used to
confirm electrophysiological placement of the DBS lead
(Medtronic 3387).

DBS Stimulation Parameters

DBS stimulation parameters were initially programmed
to maximally alleviate the patient’s contralateral upper
limb tremor, the original reason why this patient was re-
ferred to our team. We then evaluated her voice with the
stimulation turned off for 14 days and on for 14 days. The
left electrode’s final stimulation parameters were: Case +,
contacts, 0 off, 1-, 2 off, 3 off, pulse width 90 usec, fre-
quency 185 Hz, and voltage 3.0 V.

Since we had deliberately taken an anterior trajectory
through the motor thalamus to experimentally assess the
cerebellar and pallidal circuit’s influence on voice, we
were able to use low-voltage stimulation confined to each
nuclei. Low-voltage focal Vim (cerebellar outflow) stimu-
lation parameters were: contacts 0—, 1+, 60 usec, 185 Hz,
and 2.0 V. Low-voltage focal Voa (pallidal outflow) stim-
ulation parameters were: contacts 2—, 3+, 60 usec, 185 Hz,
and 2.0 V. For multitarget stimulation, the stimulation pa-
rameters were: contacts 0—, 3+, 60 usec, 185 Hz,and 2.0 V.

Voice Assessment

The Unified Spasmodic Dysphonia Rating Scale
(USDRS),* a standardized voice scale to assess adduc-
tor SD severity, was completed independently by 2 raters.
The raters, an experienced laryngologist (M.D.M.) and a
speech language pathologist (L.A.R.), obtained a 95% in-
terrater reliability on sample recordings prior to evaluating
study recordings. This evaluation was completed with the
raters and patient blinded to the DBS settings. The patient,
blinded to settings, also completed a voice-related quality
of life (VRQOL) questionnaire,”> a widely accepted and
standard questionnaire used in laryngology and speech-
language pathology to assess QOL in dysphonic patients.

Statisticical Analysis
The patient in this study completed the USDRS and



VRQOL assessments with DBS on (optimized for tremor
control), off, and at the end of each experimental focal
thalamic stimulation (Vim, Voa, and both) for a total of
5 trials. Statistical analysis of the resulting data was com-
pleted in 2 stages. Stage 1 involved comparing the USDRS
and VRQOL subsections with DBS off versus on using
a Wilcoxon signed-rank test. Stage 2 involved compar-
ing different combinations of focal thalamic stimulation
with each other as measured by the USDRS and VRQOL
subsections using a Wilcoxon signed-rank test. Since cal-
culating total USDRS and VRQOL would be statistically
inappropriate for a single patient, we analyzed each of the
USDRS'’s subsections after taking an average score be-
tween the raters for each of the 5 conditions. The subsec-
tions of the self-administered VRQOL were also analyzed
in each of the 5 conditions. SPSS (version 22, IBM) was
the statistical software used for interrater reliability and
voice data analysis.

Results

Unilateral left thalamic Vim stimulation (DBS on) sig-
nificantly improved SD vocal dysfunction compared with
no stimulation (DBS off) as measured by the USDRS (p
< 0.01) and VRQOL (p < 0.01). Figure 1 depicts this im-
provement in vocal dysfunction as captured by the subsec-
tions of the USDRS and VRQOL. Voice recordings Audio
1 (DBS off) and Audio 2 (DBS on) highlight the striking
improvement in the spasmodic dysphonic voice with DBS
stimulation (audio content available online). Figure 2 is
a postoperative CT scan with the Schaltenbrand-Wahren
atlas overlay illustrating the location of each lead contact
with respect to the individual thalamic nuclei. Contact O is
in the ventral Vim (z = 0) and Contact 2 is in the Voa (z =
3). The Voa contact falls within a Voa-thalamotomy target
of 1-5 mm above the AC-PC plane.!%#6 Preoperatively, the
right limb tremor was 38 as measured by the Fahn-Tolosa-
Marin Tremor Rating Scale.”® During DBS on and DBS
off, tremor was scored as 3 and 41, respectively.

In our experimental motor thalamic investigation, both
low-voltage Vim (p < 0.01) and multitarget Vim + Voa (p <
0.01) were significantly superior to low-voltage Voa stim-
ulation as measured by the USDRS. There was no signifi-
cant difference (p > 0.01) between low-voltage Vim and
multitarget stimulation. Low-voltage Voa was ineffective,
as Voa stimulation was worse than sham stimulation (p
< 0.01). Figure 3 is a boxplot comparison of voice during
Vim, Voa, and multitarget thalamic stimulation as mea-
sured by the USDRS. A Wilcoxon-signed rank test was
performed in SPSS to compare each of the settings, and p
values are provided in Fig. 3.

Qualitatively, a clinician not involved in the USDRS
evaluation noted instantaneous improvement in dyspho-
nia during the DBS on/off evaluations but also a 24-hour
time period before full deterioration. This time course was
interesting to us given the known DBS kinetics in ET (in-
stantaneous) versus primary dystonia (weeks to months).

Discussion

The production of spoken language is a complex process
that relies on multiple interacting brain regions, including

Thalamic DBS for spasmodic dysphonia

the sensorimotor cortex, basal ganglia, thalamus, and cer-
ebellum. ¥4 When this neural network deviates from syn-
chrony, speech disorders can occur, inducing voice tremor**
and SD. Due to its network-wide effects,*® DBS represents
an attractive therapeutic option to repair abnormal circuit
dynamics in neurological speech disorders.

In this report, the effect of unilateral left thalamic DBS
on the vocal dysfunction of SD has been quantified for the
first time. While we report here only a single case, scat-
tered reports exist on the benefits of thalamic DBS on the
vocal dysfunction of SD.?6272%33 Marrying evidence from
our work with these other studies, we hypothesize that the
cerebellothalamic circuit may have an abnormal rhythm
in patients with SD and that DBS may ameliorate this.

Treating Cerebellar Dysfunction May Mediate
Improvement in SD

Most dystonias are currently treated with internal glo-
bus pallidus (GPi) DBS.#4 A significant portion of the
pallidal outflow is directed to the Voa thalamic nucleus.*
Some focal dystonias have been treated with thalamic le-
sions® and neuromodulation of that portion of the motor
thalamus." Since SD (also known as laryngeal dystonia)
is a focal dystonia, we were surprised that Voa (pallidal
outflow) thalamic stimulation produced no benefit in vo-
cal dysfunction. It was clear that the best clinical effects
for our patient’s SD occurred with neuromodulation of the
Vim (cerebellar outflow) thalamus.

Several recent lines of evidence point to cerebellar in-
volvement in dystonia. Using the classic eye-blink con-
ditioning paradigm,”® Teo and colleagues found physi-
ological evidence for cerebellar dysfunction in patients
with cervical and hand dystonia.*’ The area of lobules V
and VI of the cerebellar cortex have been shown to be
structurally abnormal in patients with focal hand dystonia
(writer’s cramp)’ and cervical dystonia.? Le Ber et al. de-
scribed 8 dystonia-plus syndrome patients with predomi-
nant SD and cerebellar atrophy.?? Using PET imaging, Ali
and colleagues demonstrated that therapeutic BTX injec-
tions decreased cerebellar hyperactivity in SD patients.'
Our recent study in a patient with hemidystonia demon-
strated optimal clinical benefits when cerebellar circuits
were included in neuromodulation.*> In a rodent study,
Raike et al. used lentiviral-mediated conditional genetics
to regionally limit cerebellar function.® The authors found
that abnormalities restricted to only 10%—15% of Purkinje
cells were sufficient to induce focal dystonia. Koch et al.
published a small study and reported that cerebellar stim-
ulation improved cervical dystonia.?! Together, these stud-
ies provide evidence that cerebellar dysfunction is impli-
cated in the genesis of focal dystonia and the production
of speech.

Alcohol consumption is widely known to improve ET
symptoms. PET studies in alcohol-responsive ET patients
have demonstrated that alcohol reduces cerebellar hyper-
activity.* Recently, Kirke and colleagues determined that
the symptoms improved with alcohol consumption in 60%
of SD patients.?’ Perhaps alcohol-induced suppression of
SD works in a similar manner as tremor suppression in
ET, providing additional support to treat the cerebellar
dysfunction in SD.
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Audio 1 and Audio 2. https://thejns.org/doi/suppl/10.3171/2016.10.JNS161025.
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Effects of DBS OFF vs ON on Vocal Dysfunction as measured by USDRS
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Effects of DBS OFF vs ON on Vocal Dysfunction as Measured by VRQOL
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FIG. 1. Upper: DBS on (unilateral left Vim stimulation) compared with DBS off on the vocal dysfunction of SD as measured by the
USDRS during reading (r) and speaking (s) conditions. DBS on was significantly superior to DBS off (p = 1.11 x 10-5) on the Wil-
coxon signed-rank test. Only Burst Loudness did not improve during the speaking state. An increase in speech rate on the USDRS
represents an improvement. Lower: DBS on (unilateral left Vim stimulation) compared with DBS off on patient quality of life as
measured by the VRQOL. DBS improved all aspects of quality of life and was significantly superior to DBS off (p = 3.99 x 10-%) on
the Wilcoxon signed-rank test. Professional Duties was not applicable for this patient.

Finally, the clinical evidence following thalamic DBS
for essential tremor and coincident SD is encourag-
ing.26-272%33 yons et al. were the first to report that SD may
respond to thalamic DBS.??7 We have not yet tested the
effect of GPi DBS on SD. Our data, together with that of
other studies, hint that it may not be as effective as Vim
DBS. Dystonia is increasingly being characterized as a
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multinodal network disorder where dysfunction at any sin-
gle node can give rise to dystonia.'®** Our initial impres-
sion is that SD requires targeting the Vim to maximally
improve vocal dysfunction.

The coordination of speech production is facilitated by
the cerebellar motor input to the laryngeal motor cortex via
the motor thalamus.'**#! This neural circuit controls the



Contact 3

Contact 1

Thalamic DBS for spasmodic dysphonia
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FIG. 2. Fusion of preoperative MRI and postoperative CT with Schaltenbrandt-Wahren atlas overlay illustrating the anterior DBS
trajectory taken to place the left electrode. Contact 3 (A) is in the anterosuperior border of Voa, Contact 2 (B) is in the Voa, Contact
1(C) is in the ventralis oralis posterior, and Contact 0 (D), the most distal, is in the Vim.

timing between single components of a movement, scales
the size of muscular action, and coordinates the sequence
of agonists and antagonists in normal speech production.?
While the basal ganglia undoubtedly plays an important
role in limb, axial, and facial dystonia (including tongue),
it appears that treating cerebellar dysfunction is required
to correct abnormal speech coordination in SD.

What About Pallidal Neuromodulation for SD?

Contradictory reports exist on the value of GPi DBS
in improving vocal dysfunction in SD and concurrent pri-
mary dystonia. Recently, Risch et al. reported on a single
patient who had an “impressive” benefit in SD after GPi
DBS for primary dystonia.*® Mure and colleagues reported
on an SD and concurrent DYT6 dystonia in a patient who
did not respond to GPi DBS but, interestingly, responded
to thalamic ventral lateral anterior DBS**—a pallidal re-
ceiving area of the thalamus. However, in a 2009 long-
term outcomes report of GPi DBS for primary dystonia,
the authors noted that of 10 patients with concurrent SD,
2 showed no benefit and 2 worsened after GPi DBS' (un-
fortunately no information was provided for the remaining
6 patients). The authors noted that speech and swallow-
ing were the only tested functions that did not improve at
every time end point in their long-term pallidal DBS out-
comes study. In another long-term follow-up study of 22
patients over 3 years, Vidailhet et al. also reported speech
and swallowing as the only tested functions that did not
significantly improve following GPi DBS.# In a cohort of
patients with Meige syndrome (n = 7)* and craniofacial/
cervical dystonia (n = 6),” pallidal DBS had no significant

benefit on speech or swallowing. Thus, based on the avail-
able clinical evidence, pallidal neuromodulation has lim-
ited benefit on laryngeal dysfunction, whereas evidence
for cerebellar neuromodulation has all been positive, es-
pecially in SD.

Unilateral DBS for Spasmodic Dysphonia: Sufficient or
Insufficient?

Patel et al. reported subjective improvement in voice af-
ter unilateral left Vim DBS in a patient with ET who devel-
oped SD years after receiving DBS.* Our patient also im-
proved objectively after unilateral Vim DBS. Ali et al. sug-
gested that the left hemisphere may play a cardinal role in
adductor SD after determining asymmetrical hemispheric
changes on PET following BTX injections.! Moreover, a
recent transcranial magnetic stimulation study found ab-
normal left motor cortex excitability during a “reading-
aloud” task in adductor SD patients compared with healthy
controls; no significant changes in excitability were found
in the right motor cortex.*> A recent resting-state fMRI
study found significant abnormal connectivity in the left
inferior parietal cortex (together with the left sensorimo-
tor cortex) in SD compared with healthy controls.? This
likely contributes to abnormal sensorimotor integration,
loss of proprioceptive and tactile feedback, and inappropri-
ate modulation of learned speech production present in SD.
Finally, cerebellar stroke studies have implicated the right,
not left, posterolateral cerebellum as critical for motor and
cognitive aspects of speech.’>¥ Together, these studies
point toward a unifying theme: SD is a task-specific dysto-
nia with neurophysiological speech motor control defects
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FIG. 3. Box-and-whisker plot comparing the effect of focal Vim, Voa, and
Vim + Voa DBS stimulation on the vocal dysfunction of SD as measured
by the USDRS (y-axis). The Wilcoxon signed-rank test was used with
SPSS to compare each group. Statistical comparisons revealed the
following: Voa focal stimulation was significantly worse than DBS off (p
=0.0028). Vim focal stimulation was significantly better than DBS off
(p=0.0016). Vim + Voa focal stimulation was significantly better than
DBS off (p = 0.0011). Vim focal stimulation was significantly better than
Voa focal stimulation (p = 2.69 x 10-%). Vim + Voa focal stimulation was
significantly better than Voa focal stimulation (p = 2.05 x 10-%). There
was no significant difference between Vim and Vim + Voa stimulation (p
=0.2003). The box indicates the interquartile range; the line in the box,
the median; and the whiskers, the full range.

primarily in the left cerebral hemisphere while relatively
sparing the right hemisphere.

Ultimately, additional studies are needed to determine
if unilateral or bilateral thalamic neuromodulation is re-
quired for optimal voice improvement in SD. Unilateral
surgery has the obvious advantage of fewer brain pene-
trations, with a resultant reduction in complications. Our
patient improved from unintelligible to easily understand-
able speech following a single DBS lead. Further clinically
insignificant improvements in voice following contralat-
eral surgery (if true) may not warrant the additional risks.

Limitations of the Study

An inherent limitation in the USDRS (and other adduc-
tor SD severity scales) is that the test is conducted under
nonstressful conditions. Patients are asked to read stan-
dardized sentences in a quiet, isolated environment and are
assessed on numerous vocal characteristics.** In reality,
our patient and others with SD reported that their symp-
toms are far worse under real-life stressful conditions, such
as the workplace environment, public speaking, and social-
izing. The USDRS thus underestimates the SD symptom
severity. In these real-life stressful conditions, our patient
reported (subjectively) that the beneficial effects of DBS
were even more profound.

The DBS settings were programmed to maximally al-
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leviate limb tremor. If patients with pure SD (no tremor)
were to benefit from neuromodulation, programming pa-
rameters may be even better optimized to provide better
voice benefits. Lastly, a small portion of the patient’s vocal
dysfunction was attributable to essential voice tremor. The
improvement in her overall vocal quality of life (as mea-
sured by VRQOL) was therefore due to a reduction in both
her SD and vocal tremor. Nevertheless, the coincidence of
SD and voice tremor is around 50%;%3? hence treating 2
disorders with 1 electrode is an exciting prospect that re-
quires further research.

Conclusions

This report quantifies the beneficial effects of DBS on
adductor SD while assessing the underlying thalamic cir-
cuitry for the first time. Unilateral neuromodulation of the
left thalamus in the region of cerebellar input appears to
be sufficient for clinically significant vocal improvement.
Surprisingly, stimulating the pallidal receiving area of the
thalamus (Voa) was ineffective and worse than sham stim-
ulation. While our report is of only a single case, other
reports exist on the positive effects of thalamic Vim DBS
on dysphonia. Neuroimaging evidence also exists on cer-
ebellar dysfunction in SD. Leaders in SD research have
identified the need for a Phase 1 exploratory trial of DBS
in patients with severe SD who are not adequately treated
by BTX. A Phase 1 pilot trial (DEBUSSY, clinical trial
no. NCT02558634, clinicaltrials.gov) is underway at our
center to evaluate the safety and preliminary efficacy of
DBS in SD.
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