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BRIEF REPORT

Adductor Spasmodic Dysphonia Improves with Bilateral
Thalamic Deep Brain Stimulation: Report of 3 Cases Done
Asleep and Review of Literature

Virgilio Gerald H. Evidente’, Francisco A. Poncef, Maris H. Evidente’, Margaret Lambert?,
Robin Garrett’, Manikandan Sugumaran* and David G. Lott$

Background: To date, there are only six published reports of adductor spasmodic dysphonia (SD) responding
to awake thalamic deep brain stimulation (DBS).

Methods: We retrospectively reviewed cases of Essential Tremor (ET) with SD that were seen in our center
from 2012 to 2020. We further identified those that have undergone thalamic DBS, and had a blinded
laryngologist rate first the audio voice recordings before and after DBS using the Unified Spasmodic Dyspho-
nia Rating Scale (USDRS), and the video recordings last to rate the related movements and facial grimacing.
Results: We identified three cases of adductor SD with ET that had undergone bilateral ventralis interme-
dius (VIM) DBS under general anesthesia. All patients noted improvement of their limb and voice tremor, as
well as their SD post-DBS. Although improvement of tremor was observed even with initial programming in
all three, improvement of SD was noted only upon reaching higher amplitudes or wider pulse widths. Blinded
voice assessments showed improvement of USDRS scores post-DBS compared to pre-DBS, and with stimulator
on compared to stimulator off.

Discussion: We report the first three cases of SD responding favorably to bilateral VIM asleep DBS and sum-
marize the nine cases so far of SD who have undergone thalamic DBS.

Keywords: Spasmodic dysphonia; deep brain stimulation; DBS; laryngeal dystonia; thalamic DBS; Essential
Tremor

Introduction

Spasmodic dysphonia (SD) is a primary focal dystonia char-
acterized by loss of control of the vocal muscles during
phonation, accompanied by laryngeal muscle spasms [1].
Its pathophysiology is thought to be caused by abnormali-
ties of the basal ganglia [2]. Post-mortem examination in
two SD patients revealed mild neuronal degeneration in the
substantia nigra and locus coeruleus, as well as mild clusters
of inflammation in the reticular formation surrounding the
lower brainstem nuclei [3]. The most effective treatment for
SD involves onabotulinumtoxinA (BTX) injections into the
larynx [4, 5]. However, BTX therapy requires regular injec-
tions every three or so months to ensure continuity of bene-
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fits. Additionally, patients often experience bothersome side
effects, including pain from injections, breathiness, dyspha-
gia, and hypophonia [6, 7]. In 2009, we reported the first
case of adductor spasmodic dysphonia with Essential Tremor
(ET) responding to awake deep brain stimulation (DBS) of the
ventralis intermedius (VIM) nucleus of the thalamus [8, 9].
Awake DBS offers the intended benefit of intraoperative test
stimulation to verify therapeutic effect, allowing the surgeon
the opportunity to reposition the lead if intended benefits
are not observed. Since then, there have been five other pub-
lished reports of SD that have undergone awake DBS sur-
gery [10—13]. Herein, we report on three additional cases of
patients with SD who have responded favorably to bilateral
VIM DBS done under general anesthesia, without the use of
intraoperative test stimulation.

Methods

We retrospectively reviewed all cases of ET seen in our center
from 2012 to 2020 that also had coincident SD. We were able
to identify 13 cases with both ET and adductor SD, of which
three cases had undergone bilateral thalamic DBS to allevi-
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ate tremor. Consented video recordings of each of the three
patients done pre-DBS and post-DBS after optimization
of stimulation parameters were de-identified and spliced,
extracting only the portions where patient was either read-
ing the Grandfather Passage, singing the alphabet song, or
pronouncing vowels. A blinded laryngologist (DGL) who
had not treated or evaluated any of the patients was asked
to rate the audio voice recordings of the three patients both
subjectively in overall quality of voice and objectively using
the 1 13 items of the Unified Spasmodic Dysphonia Rating
Scale (USDRS) [14]. In order to grade the last item of the
USDRS on “Related Movements and Grimaces”, the laryngol-
ogist was subsequently furnished separate video recordings
to rate after he had already finished and rated the audio
recordings. The laryngologist was blinded to whether the
recordings were done pre-DBS versus post-DBS, or stimula-
tor off versus stimulator on. The laryngologist rated paired
recordings of pre-DBS versus post-DBS for cases 1 and 2, as
well as post-DBS stimulation “off” versus stimulation “on”
for cases 2 and 3.

Results

Case 1

B.H. is a 74-year-old right-handed woman presenting with
hand tremors since age 68 that were diagnosed to be con-
sistent with ET. Her tremors responded poorly to maximum
tolerated doses of primidone, gabapentin enacarbil, and
topiramate. Additionally, at age 58, she developed a choky
tremulous voice, dysarthria, and difficulty speaking. Speech
evaluation revealed moderately strained and coarse con-
versational voice, intermittent vocal breaks during speech
involving voiced sounds, and severe vocal tremor. Flexible
fiberoptic laryngoscopy confirmed adductor type of SD
with vocal tremor. Her SD was unresponsive to the anti-
tremor drugs she took, and BTX injections resulted in severe
dysphagia and aspiration. After her initial injections, she dis-
continued BTX therapy.

Her initial neurological examination revealed severe right
and moderate left-hand tremors on posture and action, mild
rest tremor of the right hand, and severe adductor spas-
modic dysphonia with severe vocal tremor (Video 1). Due to

Video 1: Case 1 before DBS.

Evidente et al: Spasmodic Dysphonia and DBS

her bothersome hand tremors, she underwent bilateral VIM
DBS surgery under general anesthesia. She was implanted
with bilateral Medtronic quadripolar 3387 DBS electrodes,
and a Medtronic Activa PC implantable pulse generator. The
Talairach coordinates were (-14, —6.2, 0) on the left and (14,
-6.2, 0) on the right.

A week after surgery, initial programming was per-
formed to target her ET. The left VIM settings were case (+),
3(-), 1.5 volts, 60 ps, and 180 Hz; the right VIM settings
were 11(+), 8(-), 1.5 volts, 60 ps, and 180 Hz. Initial pro-
gramming resulted in improvement of her hand tremor
and tremor, but not her SD. Two weeks post-DBS, both the
pulse widths and amplitudes were increased. The left VIM
settings were case (+), 3(-), 2.4 volts, 90 us and 180 Hz;
for the right VIM, settings were 11(+), 8(-), 2.3 volts, 90
us and 180 Hz. At these settings, not only were her hand
tremors better but her dysphonia was improved as well. At
one month post-DBS, her chokiness and dysarthria were
markedly improved. She had much less difficulty speak-
ing and no vocal tremor. At last follow-up at seven months
post-DBS surgery, the improvement in her SD and vocal
tremor was sustained (Video 2). The patient subjectively
assessed her voice to be significantly improved with DBS.
She could easily phonate, with no vocal tremor. Her pro-
gramming settings at her last follow up were the follow-
ing: for the left VIM, settings were case (+), 0(-), 3.9 volts,
90 ps, and 180 Hz; for the right VIM, settings 11(+), 8(-),
3.7 volts, 90 us, and 180 Hz.

Case 2

D.N.is a 71-year-old right-handed woman who has had bilat-
eral hand tremors since her teenage years, which progres-
sively worsened since age 61 along with development of
head tremors. She developed blepharospasm at age 59, and
raspiness of her voice at age 70. Speech evaluation revealed
severely strained and coarse conversational voice, and
intermittent vocal breaks occurring during speech involv-
ing voiced sounds. Flexible fiberoptic laryngoscopy con-
firmed adductor spasmodic dysphonia. Her tremors did not
respond sufficiently to maximum tolerated doses of clonaz-
epam, primidone or propranolol. She started receiving BTX

Video 2: Case 1 at seven months after bilateral VIM DBS
with stimulator on.
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injections to her eyelids every three months at age 59 with
some improvement.

When first seen at age 71, she had mild blepharospasm,
occasional pursing of the lips, moderate to severe postural
and action tremor of both hands, normal gait, and moder-
ate spasmodic dysphonia (Video 3). Given her hand trem-
ors were very bothersome, she underwent bilateral VIM
DBS under general anesthesia. She was implanted with
bilateral Medtronic quadripolar 3387 DBS electrodes, and
a Medtronic Activa RC implantable pulse generator. The
Talairach coordinates were (—15, —6, 0) on the left and (15,
-5, 0) on the right.

On initial programming one week post-DBS, she had
immediate improvement of her hand tremors but not her
SD. Her initial programming settings were the following:
for the left VIM, settings were case (+), 1(-), 1 volt, 60 ps
and 185 Hz; for the right VIM, settings were case (+), 9(-), 1
volt, 60 s and 185 Hz. At one month post-DBS, her tremors
were virtually gone and her SD had improved subjectively.
Her programming settings at one month post-DBS were the
following: for the left VIM, settings were 3(+), 0 and 1(-),
3 volts, 60 ps, and 185 Hz; for the right VIM, settings were
11(+), 8(-), 3 volts, 60 ps, and 185 Hz. At her last follow-up
was at one and a half years post-DBS, her tremors and voice
continued to be improved subjectively compared to preop-
erative levels (Video 4). She was examined both in the stim-
ulation off and stimulation on states, with her tremor and

DBS with stimulator on.
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voice being better subjectively in the stimulation on state.
Her programming settings at one and a half years post-DBS
were the following: for the left VIM, settings were 3(+), O(-),
2.7 volts, 60 us and 180 Hz; for the right VIM, settings were
11(+), 8(-), 2.4 volts, 60 pus and 180 Hz.

Case 3

DW. is a 65-year-old left-handed man who presented with
bilateral hand tremors at age 46 that were diagnosed as ET.
He was tried on maximum tolerated doses of propranolol
and primidone with poor effect. In addition to his hand
tremors, he first developed a choky, strangulated voice and
voice tremor at age 42. Speech evaluation revealed moder-
ately strained and coarse conversational voice, intermittent
vocal breaks during speech involving voiced sounds, and
moderate vocal tremor. Flexible video laryngoscopy con-
firmed adductor SD with vocal tremor. He received bilateral
BTX injections every three months to the thyroarytenoid
muscles. Each treatment of BTX resulted in hypophonic
speech for a few weeks before his SD and vocal tremor
would improve. The benefit would last less than three
months.

His initial examination revealed moderate bilateral pos-
tural and action tremor in both upper limbs, and moderate
adductor SD with vocal tremor. Due to worsening tremor
of his hands and suboptimal response to medications, he
underwent bilateral VIM DBS surgery under general anes-
thesia. He was implanted with bilateral Medtronic quad-
ripolar 3387 DBS electrodes, and a Medtronic Activa PC
implantable pulse generator. The Talairach coordinates were
(=14, -6, 0) on the left and (14, —6, 0) on the right.

Four days after surgery, initial programming was per-
formed. The left VIM settings were 3(+), 0(=), 0.5 volt, 60
ps and 180 Hz; the right VIM settings were 1(+), 8(—), 1 volt,
60 ps 180 Hz. After programming, his hand and vocal trem-
ors improved but not the chokiness of his voice. At one and
a half months post-DBS surgery, his strangulated voice was
mildly improved with no vocal tremor. Programming set-
tings at this point were the following: for the left VIM, set-
tings were 3(+), O(-), 1.5 volts, 60 ps and 180 Hz; for the
right VIM, settings were 11(+), 8(), 1.7 volts, 60 ps and 180
Hz. At two years post-DBS, his hand tremors were well con-
trolled though he was still receiving BTX injections to his
larynx. At that point, the pulse widths and amplitudes were
further increased to see if his SD would improve further. The
stimulator settings were the following: for the left VIM, set-
tings were 3(+), O(-), 3.4 volts, 90 us and 185 Hz; for the
right VIM, settings were 11(+), 8(-), 3.5 volts, 90 ps and 185
Hz. On follow-up three months later, his spasmodic dyspho-
nia was significantly improved and he had stopped receiving
BTX injections. At last follow-up four years post-DBS, his SD
and vocal tremor were much improved subjectively when
comparing stimulation off (Video 5) versus stimulation on
(Video 6). His stimulator settings at this point were the fol-
lowing: for the left VIM, settings were 3(+), 0(-), 3.7 volts, 90
ps and 185 Hz; for the right VIM, settings were 11 (+), 8(—),
3.7 volts, 90 V and 185 Hz.


https://vimeo.com/491085733
https://vimeo.com/491085790

Art. 60, page 4 of 8 Evidente et al: Spasmodic Dysphonia and DBS

Video 5: Case 3 at four years after bilateral VIM DBS with  video 6: Case 3 at four years after bilateral VIM DBS with
stimulator off. stimulator on.
Table 1: Blinded Unified Spasmodic Dysphonia Rating Scale (USDRS) evaluations.

Case 1 Case1 Case2 Case2 Case2Stim Case2Stim Case 3 Stim Case 3 Stim
PreDBS PostDBS PreDBS PostDBS OFF PostDBS ON PostDBS OFF PostDBS ON PostDBS

(7 mos) (1 mos) (1.5 yrs) (1.5 yrs) (4 yrs) (4 yrs)
USDRS item
Overall severity*** 5 3 5 4 3 2 4 2
Rough voice quality*** 5 4 5 4 3 2 4 2
Breathy voice quality 2 2 1 1 1 1 3 2
Strain-Strangled voice 6 3 5 3 3 2 4 2
quality***
Abrupt voice initiation 3 2 3 2 1 1 3 2
Voice arrest 4 2 2 1 1 1 3 2
Aphonia 1 1 1 1 1 1 2 1
Voice loudness 3 1 4 3 2 2 4 2
Bursts of loudness 1 1 1 1 1 1 3 2
Voice tremor 5 3 3 2 2 2 3 1
Expiratory effort** 5 2 4 3 3 2 4 2
Speech rate*** 4 2 4 3 2 1 3 1
Speech intelligibility 4 2 4 3 2 2 4 2
reduced
Related movements and 4 1 2 1 2 1 2 1
grimaces™*
TOTAL SCORE 52 29 44 32 27 21 46 24
% Improvement 44% 27% 22% 48%

LEGEND: 1) Patients 1 and 2 subjectively rated post-DBS voice quality as better than pre-DBS voice quality, and Patients 2 and 3 subjec-
tively rated stimulator ON voice quality as better than stimulator OFF voice quality. 2) *** signifies USDRS items that showed consistent
trends comparing preDBS vs postDBS, and stimulation off vs stimulation on.

Blinded Assessments of Voice Recordings post-DBS recordings compared to pre-DBS, and for stimula-
The blinded laryngologist rated the post-DBS voice record-  tion on recordings compared to stimulation off (Table 1).
ings to be better than the pre-DBS recordings for cases 1and ~ The individual USDRS items that correlated best with sub-
2, and also rated the two post-DBS stimulation on record- jective improvement noted by the three patients included
ings to be better than the two stimulation off recordings overall severity, rough voice quality, strain-strangled voice
for cases 2 and 3. His overall ratings correlated with lower quality, expiratory effort, speech rate, and related move-
total USDRS scores (meaning less spasmodic dysphonia) for ments.
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Discussion

We report the largest case series of thalamic DBS benefit-
ting adductor SD, thus bringing the total to nine cases in
literature. The three SD cases we report also represent the
first ones to undergo successful asleep DBS, suggesting that
accurate anatomical placement of the stimulating elec-
trode is sufficient for a successful therapeutic outcome, and
therefore direct evaluation of speech intraoperatively is not
required, obviating the need for the patient to be awake for
surgery. Doing DBS asleep can also lead to reduced patient
stress and shorter surgery time. All three had bilateral tha-
lamic DBS mainly to alleviate their hand tremors, and coin-
cidentally had adductor SD with vocal tremor. Of note, in all
three patients, the hand and vocal tremors improved even
with initial programming. The spasmodic dysphonia, how-
ever, took more time to improve, and in general required
greater amplitudes and/or pulse widths than needed to con-
trol tremor alone.

There is indirect evidence that neuronal activity abnor-
malities in the cerebellar relay nucleus of the thalamus
(the VIM) and in the pallidal relay nucleus of the thalamus
(ventral oralis posterior or VOP) may be related to dystonia
[15], and that stimulation of the VIM or VOP can modulate
dystonic movements [16]. Stimulation of the ventral oralis
anterior (VOA), which is also known as the ventral lateral
anterior (VLA), has also been noted to alleviate dystonia
[9, 17]. It has been further observed that dystonia patients
have increased receptive fields in the VIM and increased
thalamic representation of the dystonic body parts [15].
These observations were derived from studying patients
with axial or appendicular dystonia, though it is unclear
if the same mechanisms hold true for SD. For instance, in
the case described by Poologaindran et al, VOA (or VLA)
stimulation was inferior to VIM stimulation in alleviating
SD [12]. Anatomically, the VIM nucleus has a somatotopic
arrangement such that the leg area is dorsolateral, the
hand ventromedial, and the face even further medial to the
hand area [18]. Our patients required wider pulse widths or
higher amplitudes to improve their SD compared to settings
needed to improve hand tremor. It is possible that the cur-
rent needed to spread more medial than the hand area in the
VIM in order to alleviate spasmodic dysphonia, though the
improvement of vocal tremor at lower settings may argue
against this. The more likely possibility is that dystonia has a
higher threshold than tremor and requires more current in
order to respond to VIM stimulation. Furthermore, patients
with dystonia may have delayed benefit from DBS, as neuro-
plasticity changes that are thought to lead to maximal albeit
delayed improvement of dystonia may take time to blossom
with chronic stimulation [19].

Of the six previously reported cases of thalamic DBS for
SD, three had bilateral stimulation of the VIM, one had
unilateral VIM stimulation, one had bilateral VLA stimula-
tion, and one had unilateral VIM + VOA stimulation (Table
2). Five of the six cases improved with VIM stimulation,
whereas one case responded to VLA stimulation. The lat-
ter case suffered from DYT6 generalized dystonia with
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spasmodic dysphonia that initially responded to bilateral
pallidal DBS but lost benefit after a year [11]. Subsequent
implantation of additional electrodes to bilateral VLA led to
improvement anew of the patient’s SD as well as limb and
axial dystonia, with benefits persisting at two-year follow-
up. However, it is unclear if the improvement of SD with
VLA stimulation was a direct effect on the larynx, versus an
indirect anti-dystonia effect on the oropharyngeal, chest or
abdominal muscles leading to improved vocal quality. The
evidence from the six SD cases seem to suggest that tha-
lamic VIM stimulation is an effective intervention for SD,
and that bilateral thalamic stimulation is superior to uni-
lateral stimulation. However, only three of the six patients
had comparisons done of unilateral vs bilateral stimulation.
In the case studied by Lyons et al in 2010, bilateral blinded
assessment of USDRS was better with both sides on com-
pared to just one side on [9]. Stimulating the left VIM was
only slightly better than stimulating the right VIM, though
handedness of the patient was not specified. Kruger et al
compared unilateral versus bilateral VIM stimulation in
two patients, as well as side to side difference [13]. They
too concluded that bilateral stimulation was superior to
unilateral stimulation, but further observed that unilateral
stimulation of the dominant hemisphere was superior to
stimulation of the nondominant hemisphere. They suggest
that unilateral dominant hemisphere VIM DBS may be suf-
ficient to alleviate SD.

The effect of thalamic DBS on SD appears to be enduring,
with case 2 having a sustained response at one and a half
years post-DBS and case 3 having a sustained response at
four years post-DBS. Similar enduring benefit was noted at
44 months in the case reported by Lyons et al [9], and at
four years by Mure et al [11]. So far, tolerance to stimulation
has not been reported with chronic thalamic stimulation in
SD, though tolerance to tremor control has been reported to
occur in 4% of ET patients with an average follow-up of four
years after VIM DBS [20]. In contrast, the case of DYT6 gen-
eralized dystonia with SD described by Mure et al developed
a tolerance to bilateral GPi DBS after a year [11]. Although
long-term (up to 10 years) observation of dystonia patients
who have undergone bilateral GPi DBS showed sustained
stable benefit in the majority, a few cases were noted to have
developed tolerance and diminished benefit [21].

One limitation of our report is that it is a case series of only
three patients. However, to date, it is the biggest reported
series of SD patients undergoing DBS. Second, we did not
characterize the effect of unilateral versus bilateral stimula-
tion nor compare dominant hemisphere versus nondomi-
nant hemisphere stimulation, though may be able to do so
in future evaluations of case 2 who is still actively being seen
in our clinic. Third, our study was retrospective, though the
ongoing phase 1 DEBUSSY sham-controlled trial involving
six SD patients will be the first to furnish prospective data
[13]. Lastly, some of the improvement in the vocal quality
and USDRS scores post-DBS could be from improvement of
vocal tremor given that severe vocal tremor can also lead to
voice breaks which can mimic SD.
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In conclusion, our findings suggest that bilateral VIM
DBS effectively alleviates adductor spasmodic dysphonia
in patients with Essential Tremor, and can be done just as
efficaciously under general anesthesia which may reduce
patient stress and operative time. Our observations also
suggest that the threshold for improving SD and overall
voice quality may be higher than improving vocal or limb
tremor when stimulating the VIM nucleus. Future trials
are necessary to further study differences between bilat-
eral versus unilateral VIM stimulation, dominant hemi-
sphere versus nondominant hemisphere stimulation, VIM
versus GPi stimulation, and single target versus multiple
target stimulation. Furthermore, whether targeting more
medial than the hand area in the ventral part of the VIM
may be more optimal in pure laryngeal dystonia remains
to be determined. Lastly, long-term follow-up is needed to
ascertain if some SD patients who have undergone thalamic
DBS develop tolerance to stimulation with time. Although
the DEBUSSY study may help furnish some answers, larger
sham-controlled trials with longitudinal follow-up are ulti-
mately needed.
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