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Voice Tremor

LAURA DE LIMA XAVIER AND KRISTINA SIMONYAN

INTRODUCTION

Voice tremor is characterized by involuntary
oscillatory movements of muscles of the vocal
tract, causing rhythmic modulations of the voice
in pitch and loudness. Voice tremor may present
as an isolated disorder; as a feature of other neu-
rological disorders, including essential tremor,
laryngeal dystonia, or Parkinson diseasé; or as a
result of a physiological process.

Under various physiological conditions, a trem-
ulous voice may manifest as a pattern of affective
vocalization commonly associated with fear, sad-
ness, wrath, or even joy. Remarkably, in its earliest
referrals in the English literature, tremor was used
to denote terror and was described as a shaking
that happens “involuntarily as with fear or other
emotion, cold, or weakness.” Those affected by
pathological voice tremor not only suffered from
difficulty speaking but were frequently mistaken
to be emotional or weak. Unfortunately, these
misperceptions about voice qualities tied to per-
sonality traits continue to persist to date, causing
social embarrassment and anxiety for those with
voice tremor, further exacerbating the condition
and driving affected individuals into a vicious loop
of social isolation and depression. Similarly, disor-
ders that cause voice tremor have been misinter-
preted as psychosomatic, a misconception that only
increased the stigma surrounding affected individ-
uals, while delaying investigations into the neuro-
logical underpinnings of voice tremor symptoms.

Although notable advances have been recently
made in the medical and scientific understanding
of voice tremor, ongoing challenges include diag-
nostic inconsistencies across clinical specialties
and limited availability of therapeutic options.
Pharmacological and neurosurgical treatments
that are effective for alleviation of tremor affect-
ing extremities often show worse results when
used to treat voice tremor. The existing limita-
tions to better treat voice tremor are due, in part,
to the fact that the underlying etiopathophysi-
ological mechanisms that generate tremor are not
well understood.

This chapter aims to describe the most fre-
quent presentations of voice tremor, their clini-
cal features, and therapeutic options. Given the
current lack of consensus between clinicians on
the nomenclature or taxonomy of voice changes
associated with tremor, we use “voice tremor” as
an umbrella term for tremor-related terms used in
the literature, including “vocal tremor,” “tremu-
lous voice,” “laryngeal tremor,” and “phonatory
instability.”** While different presentations of
voice tremor can be clinically identified, recent
brain imaging studies suggest that they are likely
distinct manifestations of the spectrum of this
disorder. Since the understanding of the voice
tremor spectrum is still being developed, we also
discuss the ongoing efforts and challenges in the
classification of this disorder and the future diag-
nostic and therapeutic directions.

VOICE TREMOR
AS A SYMPTOM OF
ESSENTIAL TREMOR

Essential tremor (ET) is a movement disorder,
whose clinical hallmark is a 4-12-Hz action
tremor of the upper extremities (arms and hands).
In 25-62% of patients, ET can spread to involve
cranial structures, such as the larynx, soft palate,
tongue, jaw, and neck, causing ET of voice (ETv)
and/or head. In some, ETv may present as an iso-
lated symptom without co-occurring tremor of
extremities (Figure 10.1). The marked variability
in ETv prevalence and presentations is likely due
to the differences in patient cohorts studied, diag-
nostic methodologies applied, and the clinical
expertise present across study centers.

It is worth noting that, although isolated voice
tremor appears to be a focal presentation of ET
based on its onset, progression, and clinical char-
acteristics, there is still little consensus between
clinicians regarding its classification.”” On the one
hand, the recent consensus paper of the Task Force
on Tremor by the International Parkinson and
Movement Disorder Society (IPMDS) excluded iso-
lated voice and head tremors from ET classification,
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- Isolated or in combination with ET of extremities

- Affects laryngeal and/or upper airway muscles

| - Rhythmic alterations in pitch and loudness
| - No task specificity; present at passive respiration and other

: - Rhythmic tremor
Essential o
tremor of
YOIce / laryngeal/upper airway behaviors
- Common age of onset in 60s—80s
& s> - Prevalent in females

- Irregular tremor

Dystonic

tremor of
voice

- Present only with laryngeal dystonia (~1/3 of patients)
- Affects only laryngeal muscles, together with laryngeal dystonia

- Rhythmic alterations in pitch and loudness
- Task specific; not present at rest

- Common age of onset in 40s—50s

- Prevalent in females

FIGURE 10.1: Essential and Dystonic Voice Tremor Classification Based on Clinical Features Obtained
through Medical History, Acoustic Perceptual Voice Evaluation, and Neurological and Laryngological

Examinations.

restricting the latter diagnosis to at least tremor of
upper extremities.” On the other hand, a report
by the Neurolaryngology Committee of the
American Academy of Otolaryngology—Head
and Neck Surgery (AAO-HNS) defined isolated
voice tremor as ET affecting the intrinsic muscles
of the larynx and, variably, other muscles of the
phonatory apparatus.® To reach common ground,
a recent review paper strongly recommended to
reconsider the inclusion of isolated voice tremor
as a clinical variant of ET, highlighting that both
isolated and ET-associated forms of voice tremor
demonstrate the similar spread of disease through
structures in the speech apparatus and share simi-
lar familial prevalence and female preponderance.?
Supporting this recommendation, a recent brain
imaging study in patients with voice tremor, both
isolated and with ET affecting extremities, has
identified only subtle differences in cortical thick-
ness within parietal and temporal cortices, without
any other differences in functional, white matter,
or volumetric gray matter organization between
the two cohorts.”” Based on similarities of brain
alterations in isolated voice tremor and ET, this
study provided a pathophysiological justification
for a re-classification of isolated voice tremor as a
focal phenotype of ET.

Similar to ET affecting other body regions, the
diagnosis of ETv, both isolated to the vocal tract and
combined with tremor in the extremities, depends
on a careful analysis of case history and neurologi-
caland otolaryngologic evaluations to rule out other

tremor etiologies. The onset of ETv is more preva-
lent in females in their 60-80s,>%!2 with patients
most often presenting with the intensity fluctua-
tions associated with a perception of increased pho-
natory effort (Figure 10.1). Additionally, muscular
discomfort and fatigue may also result from com-
pensatory efforts to stabilize the vocal tract.

On clinical examination, voice tremor is best
appreciated during phonation of prolonged vow-
els, such as /i/or/a/ at a normal pitch, and usually
decreases at the high pitches.”* ETv, both isolated
and combined with ET affecting extremities,
may become so severe that a stoppage of voice
occurs, making it easily misdiagnosed as dys-
tonic tremor of voice (DTv) present in laryngeal
dystonia (LD). Differentiation between essential
and dystonic tremor is reliant on the task speci-
ficity of laryngeal behavior to volitional speech
tasks in DTv compared to non-volitional respi-
ration (i.e., tidal breathing) in ETv. Therefore,
voice tremor that does not have task specificity,
occurring during both respiration and speech
tasks, is characterized as ETv (Figure 10.1). This
differentiation is best notable with stroboscopic
examination of oscillation of the laryngeal mus-
culature and oral articulators (e.g., pharyngeal
constrictors, tongue, soft palate, jaw, and lips)
during both speech tasks and passive respiration.
Electromyography (EMG) may also help deter-
mine the anatomical source of tremor within the
laryngeal and upper airway structures. The EMG
recordings performed in experimental settings
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have shown that the intrinsic laryngeal muscles,
specifically thyroarytenoid muscles, are the most
frequently involved, with the frequency of about
5 to 7 Hz." Other distinguishing factors in ETv
compared to voice tremors in other neurological
disorders include higher rates of a family history
of tremor and alleviation of symptoms with alco-
hol intake, i.e., alcohol responsiveness.>*

The current standard of care of voice tremor
is the management of symptoms with onabotu-
linum toxin A injection (BoNT) into the over-
active laryngeal or upper airway musculature.’
Response to BoNT injections may vary signifi-
cantly, depending on the affected structures by
voice tremor. The isolated lateral variant, which
involves intrinsic laryngeal (thyroarytenoid)
muscles, receives greater benefits from BoNT
treatment into adductor muscles compared to
tremors originating from extralaryngeal sources.
On average, a lower BoNT dose requirement and
less pronounced effects are observed in ETv com-
pared to DTv and LD.

Regarding the pharmaceutical treatment,
there is some evidence that patients with ETv
may exhibit similar improvement in voice symp-
tomatology as those with ET of extremities.'”*!
Medications used to manage ETv typically
include propranolol and primidone, although
their effects are not as beneficial in voice tremor
as in action tremors of extremities in ET or
Parkinson disease.”? Similarly, ETv has shown
variable responsiveness to deep brain stimulation
(DBS) of the ventral intermediate nucleus and
caudal zona incerta of the thalamus, with better
outcomes at bilateral stimulation.?** Currently,
DBS is reserved for ET patients with a treatment-
refractory severe tremor of upper extremities who
may or may not have associated ETv. Whether
severe voice tremor can become itself an indica-
tion for DBS depends on future research studies
to identify different tremorgenic brain networks
and link these to specific anatomical end-target(s).
Additionally, speech and language therapy (SLP)
can equip patients with complementary strategies
to improve voice loudness and speech intelligi-
bility, although widely variable outcomes across
patients should be considered.

VOICE TREMOR AS A
SYMPTOM OF DYSTONIA
DTv is observed in about one-third of patients
with LD. It is most commonly present in patients
with adductor type of LD, where irregular con-
tractions of the thyroarytenoid and lateral crico-
arytenoid muscles produce strained and effortful
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voicing and voice breaks. Less commonly, it can
be associated with the abductor type, where dys-
tonic contractions of the posterior cricoarytenoid
muscle lead to breathy voicing and voice breaks.
DTy is characterized by irregular, isometric con-
tractions of the affected laryngeal muscles during
dystonic activity (Figure 10.1). Notably, it is char-
acterized by task specificity, that is, DTv is present
only with LD and selectively affects speech pro-
duction, while being absent during respiration
and other laryngeal or.upper airway behaviors.
Similar to LD, DTv may be responsive to sensory
tricks, e.g., application of topical anesthesia.>**2
Clinically, patients with DTv have similarities
and differences with both LD without tremor and
ETv. Patients with DTv show intermediate age
and sex distributions between those with ETv and
LD without tremor.?*=*! A family history of dysto-
nia is rare in patients with and without a tremor,
but higher than in the general population, with
the variability from 1% to 16%.%* A family his-
tory of tremor is, however, more common in LD
patients with DTv compared to LD patients with-
out tremor.’>* This difference is consistent with
the fact that tremor conditions, both dystonic and
essential, have a stronger underlying genetic pre-
disposition, while purely dystonic disorders are
more commonly sporadic than familial.

The pathophysiology of DTv is thought to
broadly overlap with LD, while also sharing
some similarities with ETv (Figure 10.2). Recent
studies investigating alterations in brain struc-
ture and function in LD vs. DTv and ETv vs.
DTv have proposed that these disorders may be
characterized within the same pathophysiologi-
cal spectrum, presenting both common and dis-
tinct patterns of neural alterations. Compared to
healthy individuals, all patients have been shown
to share the involvement of cortical brain regions
controlling sensory and motor aspects of speech
production. In addition, DTv and LD patients
share functional and structural abnormalities
in the sensorimotor cortex, basal ganglia, and
thalamus, while being distinguished by greater
cerebellar and middle frontal cortical changes
in DTv. On the other hand, ETv and DTv show
common changes in the primary sensorimotor
cortex, superior and inferior parietal lobules, and
inferior temporal gyrus, with distinct greater
alterations of cortical vs. cerebellar changes in
DTv vs. ETv./%*3 It has been further determined
that hyperexcitable parietal—> putaminal and
right—> left interhemispheric premotor corti-
cal information flow underlies the pathophysi-
ological network alterations in both LD and DTv,
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whereas decreased self-inhibitory influences
of these brain regions contribute to differences
between LD with and without DTv.>

Despite differences in the pathophysiology,
the primary treatment of DTv is the same as for
LD and ETv and consists of BoNT injections into
the affected laryngeal muscles. BONT injections
yield an intermediate response in DTv, with bet-
ter outcomes in LD without tremor, and worse in
ETv.'>%3¢ In contrast, alcohol responsiveness is
more common in ETv, followed by DTv and LD
without tremor, which has been proposed to be
associated with the varying degree of cerebellar
involvement across these disorders.!”*

In alcohol-responsive patients with LD and
DTv, sodium oxybate (Xyrem®) has recently shown
efficacy in treating symptoms of both dystonia
and tremor in an open-label study.’®* As a poten-
tially novel oral therapeutic agent, sodium oxy-
bate mimics the effects of alcohol and acts on the
GABAergic neurotransmission, which is deficient
in these patients. A brain imaging study in these
patients has demonstrated that sodium oxybate
significantly reduces hyperfunctional activity of
cerebellar, thalamic, and primary/secondary sen-
sorimotor cortical regions, with Xyrem-induced
LD and DTv symptom improvement being

correlated with decreased to normal levels of cer-
ebellar activity.* These studies outlined the first
use of a pathophysiologically relevant, centrally
acting medication; results are being confirmed in
a double-blind, placebo-controlled clinical trial
of LD and DTy, as well as ETv (NCT03292458).
Clinical observations of the use of sodium oxy-
bate in other forms of dystonia and ET.%#"*2 point
to a broader indication of this drug in these disor-
ders, further tying in the pathophysiology of their
different clinical phenotypes.

Other therapies available for LD with and
without DTv include recurrent laryngeal nerve
(RLN) section,® selective laryngeal adductor
branch denervation and reinnervation,* and
laryngoplasty.*® However, these invasive and
irreversible operations do not address disorder
pathophysiology, offer only compensatory man-
agement of symptoms, and carry a higher risk of
inconsistent outcomes.

VOICE TREMOR IN
OTHER NEUROLOGICAL
DISORDERS
Voice tremor can also be associated with other
neurological disorders, such as Parkinson disease,
multisystem atrophy, progressive supranuclear
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palsy, multiple sclerosis, or cerebellar diseases.
As a comorbidity in these disorders, voice tremor
is usually accompanied by other cranial nerve
abnormalities, arises from sources other than the
laryngeal musculature, cannot be managed well
by BoNT injections, and often responds poorly to
other treatment modalities.

In Parkinson disease (PD), voice dysfunction
is one of the earliest signs of speech motor impair-
ment. These symptoms affect as many as 89% of
patients and may include hypokinetic dysarthria,
stuttering, breathy or strained voice, and spastic
dysarthria, along with voice tremor. It is unclear
how many people with PD have clinically identi-
fied voice tremor; studies have shown a range from
13% to 68%.%-*® Although voice tremor represents
a functionally significant factor for patients with
PD, little is known about the underlying anatomi-
cal sources and pathophysiological mechanisms.
Voice tremor in PD can involve many structures
of the voice apparatus, including the palate, but
less often the vocal folds.* Available treatments
of PD have also shown variable outcomes related
to voice symptoms. For example, levodopa and
DBS of the subthalamic nucleus (STN) can mildly
improve or significantly impair speech produc-
tion.>*** The effects of DBS specifically on voice
tremor are even less well understood. In one
study, STN-DBS ameliorated voice tremor and
speech intensity but deteriorated overall speech
intelligibility in most patients.*

Cerebellar lesions and disorders frequently
affect voice and speech production and give
rise to distinct articulatory and phonatory defi-
cits, generally categorized as ataxic dysarthria.”
Among these deficits, amplitude, and frequency
of voice fluctuations during sustained vowel pro-
ductions underlie voice tremor. The tremor rate
in ataxic speakers is distinctively slower than in
normal speakers and other voice tremor pheno-
types, at a frequency of about 3 Hz.>%%%° As with
DTy, it seems to preferentially affect volitional
phonation.®® While the cerebellum is known to
be involved in speech motor control, the specific
range of alterations affecting voice and speech
production are less known. The cerebellum is
functionally connected to various cortical and
subcortical brain regions engaged in speech
motor control, including movement preparation
and motor execution processes.”’ Speech motor
deficits have been described as predominantly
bound to left-sided paravermallesions (lobules VI
and VII).*! Why voice tremor affects only a subset
of dysarthric ataxic patients and what therapies
can be used to treat it warrant further research.
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CONCLUSIONS
In summary, the most frequent clinical presenta-
tions of voice tremor fall within the broad patho-
physiological spectrum of ET and LD. Current
differential diagnosis of voice tremor is largely
based on a syndromic approach, and its targeted
treatment is lacking. Identification of specific
clinical features and pathophysiological mecha-
nisms underlying different clinical representa-
tions of voice tremor would not only explain its
underpinning causes but also open new avenues
for the objective differential diagnosis and selec-
tive treatment of affected individuals.

REFERENCES
1..Louis ED, Palmer CC. Tremble and tremor: ety-
“mology, usage patterns, and sound symbolism in
the history of English. Neurology. 2017;88(7):706-
710. doi: 10.1212/WNL.0000000000003576

2. Massey EW, Paulson GW. Essential vocal tremor:
clinical characteristics and response to therapy.
South Med ]. 1985;78(3):316-317.

3. Boutsen F, Duffy JR, Dimassi H, Christman SS.
Long-term phonatory instability in ataxic dysar-
thria. Folia Phoniatr Logop. 2011;63(4):216-220.
doi: 10.1159/000319971

4, Gillivan-Murphy P, Miller N. Voice tremor: what
we know and what we do not know. Curr Opin
Otolaryngol Head Neck Surg. 2011;19(3):155-159.
doi: 10.1097/MOO.0b013e328345970¢

5. Albanese A, Del Sorbo F. Dystonia and tremor:
the clinical syndromes with isolated tremor.
Tremor Other Hyperkinet Mov. 2016;6:319. doi:
10.5334/tohm.315

6. Patel A, Frucht S]. Isolated vocal tremor as a focal
phenotype of essential tremor: a retrospective
case review. J Clin Mov Disord. 2015;2(1):1-5. doi:
10.1186/s40734-015-0016-5

7. Bhatia KP, Bain P, Bajaj N, et al. Consensus
statement on the classification of tremors. From
the task force on tremor of the International
Parkinson and Movement Disorder Society. Mov
Disord. 2018;33(1):75-87. doi: 10.1002/mds.27121

8. Merati AL, Heman-Ackah YD, Abaza M, Altman
KW, Sulica L, Belamowicz S. Common movement
disorders affecting the larynx: a report from the
neurolaryngology committee of the AAO-HNS.
Otolaryngol Head Neck Surg. 2005;133(5):654-
665. doi: 10.1016/j.0tohns.2005.05.003

9. Barkmeier-Kraemer JM. Isolated voice tremor: a
clinical variant of essential tremor or a distinct
clinical phenotype? Tremor Other Hyperkinet
Mov. 2020;10. doi: 10.7916/tohm.v0.738

10. de Lima Xavier L, Simonyan K. Neural Represen-
tations of the Voice Tremor; 2020 [in press].

11. Louis ED, Dure LS, Pullman S. Essential
tremor in childhood: a series of nineteen cases.



12.

13.

14.

15,

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

Mov Disord. 2001;16(5):921-923. doi: 10.1002/
mds.1182

Louis ED, Ferreira JJ. How common is the most
common adult movement disorder? Update on
the worldwide prevalence of essential tremor.
Mov Disord. 2010;25(5):534-541. doi: 10.1002/
mds.22838

Ludlow CL, Adler CH, Berke GS, et al. Research
priorities in spasmodic dysphonia. Otolaryngol
Head Neck Surg. 2008;139(4):495-505. doi:
10.1016/j.0tohns.2008.05.624

Koda ], Ludlow CL. An evaluation of laryngeal
muscle activation in patients with voice tremor.
Otolaryngol Head Neck Surg. 1992;107(5):684-696.
doi: 10.1177/019459989210700510

Sulica L, Louis ED. Clinical characteristics
of essential voice tremor: a study of 34 cases.
Laryngoscope. 2010;120(3):516-528. doi: 10.1002/
lary.20702

Richards AL. Vocal tremor: where are we at? Curr Opin
Otolaryngol Head Neck Surg. 2017:25(6):475-479. doi:
10.1097/MO0.0000000000000412

Guglielmino G, Moraes BT, Villanova LC,
Padovani M, Biase NGD. Comparison of botu-
linum toxin and propranolol for essential and
dystonic vocal tremors. Clinics. 2018;73:¢87. doi:
10.6061/clinics/2018/e87

Justicz N, Hapner ER, Josephs JS, Boone BC,
Jinnah HA, Johns MM, 3, Comparative effec-
tiveness of propranolol and botulinum for the
treatment of essential voice tremor. Laryngoscope.
2016;126(1):113-117. doi: 10.1002/lary.25485
Nida A, Alston J, Schweinfurth J. Primidone
therapy for essential vocal tremor. JAMA
Otolaryngol Head Neck Surg. 2016;142(2):117-
121. doi: 10.1001/jamaoto.2015.2849

Busenbark K, Ramig L, Dromey C, Koller WC.
Methazolamide for essential voice tremor.
Neurology. 1996;47(5):1331-1332. doi: 10.1212/
wnl.47.5.1331

Lowell SY, Kelley RT, Monahan M, Hosbach-
Cannon CJ, Colton RH, Mihaila D. The effect of
octanoic acid on essential voice tremor: a double-
blind, placebo-controlled study. Laryngoscope.
2019;129(8):1882-1890. doi: 10.1002/lary.27695
Schneider SA, Deuschl G. The treatment of
tremor. Neurotherapeutics. 2014;11(1):128-138.
doi: 10.1007/s13311-013-0230-5

Ho AL, Choudhri O, Sung CK, DiRenzo EE,
Halpern CH. Deep brain stimulation for essen-
tial vocal tremor: a technical report. Cureus.
2015;7(3):256. doi: 10.7759/cureus.256
Ravikumar VK, Ho AL, Parker JJ, Erickson-
DiRenzo E, Halpern CH. Vocal tremor: novel
therapeutic target for deep brain stimulation.
Brain Sci. 2016;6(4). doi: 10.3390/brainsci6040048
Sandstrom L, Blomstedt P, Karlsson F. Voice
tremor response to deep brain stimula-
tion in relation to electrode location in the

26.

27.

28.

29.

30.

31.

32.

33.

34,

36.

37.

10: Voice Tremor 133

posterior subthalamic area. World Neurosurg X.
2019;3:100024. doi: 10.1016/j.wnsx.2019.100024
Mor N, Simonyan K, Blitzer A. Central voice pro-
duction and pathophysiology of spasmodic dys-
phonia. Laryngoscope. 2018;128(1):177-183. doi:
10.1002/1ary.26655

Blitzer A, Brin MF, Simonyan K, Ozelius L],
Frucht S]. Phenomenology, genetics, and CNS
network abnormalities in laryngeal dystonia:
a 30-year experience. Laryngoscope. 2018;128
(Suppl 1):51-S9. doi: 10.1002/lary.27003

Blitzer A, Brin MF, Stewart CF. Botulinum toxin
management of spasmodic dysphonia (laryngeal
dystonia): a 12-year experience in more than 900
patients. Laryngoscope. 2015;125(8):1751-1757.
doi: 10.1002/lary.25273

Patel AB, Pollei TR, Bansberg SF, Adler CH,
Lott DG, Crujido LR. The Mayo Clinic spas-
modic dysphonia experience: a demographic
analysis of 686 patients. Otolaryngol Head Neck
Surg. 2014;151(1_suppl):P73-P73. doi: 10.1177/
0194599814541627a138

Tisch SHD, Brake HM, Law M, Cole IE,
Darveniza P. Spasmodic dysphonia: clinical
features and effects of botulinum toxin therapy
in 169 patients—an Australian experience. J
Clin Neurosci. 2003;10(4):434-438. doi: 10.1016/
$0967-5868(03)00020-1

Patel PN, Kabagambe EK, Starkweather JC, et
al. Defining differences in patient characteris-
tics between spasmodic dysphonia and laryngeal
tremor. Laryngoscope. 2019;129(1):170-176. doi:
10.1002/lary.27245

Schweinfurth JM, Billante M, Courey MS. Risk fac-
tors and demographics in patients with spasmodic
dysphonia. Laryngoscope. 2002;112(2):220-223.
doi: 10.1097/00005537-200202000-00004

Kirke DN, Battistella G, Kumar V, et al. Neural
correlates of dystonic tremor: a multimodal
study of voice tremor in spasmodic dysphonia.
Brain Imaging Behav. 2017;11(1):166-175. doi:
10.1007/s11682-016-9513-x

Battistella G, Simonyan K. Top-down altera-
tion of functional connectivity within the sen-
sorimotor network in focal dystonia. Neurology.
2019;92(16):e1843-€1851. doi: 10.1212/
WNL.0000000000007317

. Brin MF, Blitzer A, Stewart C. Laryngeal dysto-

nia (spasmodic dysphonia): observations of 901
patients and treatment with botulinum toxin.
Adv Neurol. 1998;78:237-252.

Gurey LE, Sinclair CF, Blitzer A. A new para-
digm for the management of essential vocal
tremor with botulinum toxin. Laryngoscope.
2013;123(10):2497-2501. doi: 10.1002/1ary.24073
Kirke DN, Frucht S], Simonyan K. Alcohol
responsiveness in laryngeal dystonia: a sur-
vey study. J Neurol. 2015;262(6):1548-1556. doi:
10.1007/s00415-015-7751-2



134

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

SECTION 2: THE FAMILY OF TREMORS

Rumbach AF, Blitzer A, Frucht §J, Simonyan
K. An open-label study of sodium oxybate
in sSpasmodic  dysphonia.  Laryngoscope.
2017;127(6):1402-1407. doi: 10.1002/lary.26381
Simonyan K, Frucht SJ. Long-term effect of
sodium oxybate (xyrem(r)) in spasmodic dyspho-
nia with vocal tremor. Tremor Other Hyperkinet
Mov (N Y). 2013;3. eCollection 2013.

Simonyan K, Frucht S, Blitzer A, Sichani
AH, Rumbach AF. A novel therapeutic agent,
sodium oxybate, improves dystonic symptoms
via reduced network-wide activity. Sci Rep.
2018;8(1):16111. doi: 10.1038/s41598-018-34553-x
Frucht SJ, Houghton WC, Bordelon Y, Greene
PE, Louis ED. A single-blind, open-label trial
of sodium oxybate for myoclonus and essential
tremor. Neurology. 2005;65(12):1967-1969.
Frucht SJ, Bordelon Y, Houghton WH, Reardan
D. A pilot tolerability and efficacy trial of sodium
oxybate in ethanol-responsive movement disor-
ders. Mov Disord. 2005;20(10):1330-1337. doi:
10.1002/mds.20605

Dedo HH, Behlau MS. Recurrent laryngeal nerve
section for spastic dysphonia: 5- to 14-year pre-
liminary results in the first 300 patients. Ann
Otol Rhinol Laryngol. 1991;100(4 Pt 1):274-279.
doi: 10.1177/000348949110000403

Berke GS, Verneil A, Blackwell KE, Jackson
KS, Gerratt BR, Sercarz JA. Selective laryngeal
adductor denervationreinnervation: a new surgi-
cal treatment for adductor spasmodic dysphonia.
Ann Otol Rhinol Laryngol. 1999;108(3):227-231.
doi: 10.1177/000348949910800302

Isshiki N, Haji T, Yamamoto Y, Mahieu HF.
Thyroplasty for adductor spasmodic dysphonia:
further experiences. Laryngoscope. 2001;111(4 Pt 1):
615-621. doi: 10.1097/00005537-200104000-00011
Perez KS, Ramig LO, Smith ME, Dromey C.
The Parkinson larynx: tremor and videostrobo-
scopic findings. J Voice. 1996;10(4):354-361. doi:
10.1016/s0892-1997(96)80027-0

Logemann JA, Fisher HB, Boshes B, Blonsky
ER. Frequency and cooccurrence of vocal tract
dysfunctions in the speech of a large sample
of Parkinson patients. J Speech Hear Disord.
1978;43(1):47-57. doi: 10.1044/jshd.4301.47
Chenery HJ, Murdoch BE, Ingram JCL. Studies
in Parkinson’s disease: i. perceptual speech anal-
yses. Aust ] Hum Commun Disord. 1988;16(2):17-
29. doi: 10.3109/as12.1988.16.issue-2.02
Gillivan-Murphy P, Carding P, Miller N. Vocal
tract characteristics in Parkinson’s disease. Curr
Opin Otolaryngol Head Neck Surg. 2016;24(3):175-
182. doi: 10.1097/MO0.0000000000000252
D’Alatri L, Paludetti G, Contarino MF, Galla
S, Marchese MR, Bentivoglio AR. Effects of
bilateral subthalamic nucleus stimulation and

51.

52.

53.

medication on parkinsonian speech impair-
ment. ] Voice. 2008;22(3):365-372. doi: 10.1016/
j.jvoice.2006.10.010

Tripoliti E, Zrinzo L, Martinez-Torres I, et al.
Effects of subthalamic stimulation on speech
of consecutive patients with Parkinson dis-
ease. Neurology. 2011;76(1):80-86. doi: 10.1212/
WNL.0b013e318203e7d0

Tripoliti E, Limousin P, Foltynie T, et al.
Predictive factors of speech intelligibility fol-
lowing subthalamic nucleus stimulation in
consecutive patients with Parkinson’s disease.
Mov Disord. 2014;29(4):532-538. doi: 10.1002/
mds.25816

TsuboiT, Watanabe H, TanakaY,etal. Characteristic
laryngoscopic findings in Parkinson’s disease
patients after subthalamic nucleus deep brain

~ stimulation and its correlation with voice disor-

54.

55.

56.

57

58.

59.

60.

61.

der. ] Neural Transm. 2015;122(12):1663-1672. doi:
10.1007/s00702-015-1436-y

Sauvageau VM, Roy J-P, Cantin L, Prud’Homme
M, Langlois M, Macoir J. Articulatory changes
in vowel production following STN DBS and
levodopa intake in Parkinson’s disease. Parkinson’s
Dis. 2015;2015:1-7. doi: 10.1155/2015/382320
Tsuboi T, Watanabe H, Tanaka Y, etal. Early detec-
tion of speech and voice disorders in Parkinson’s
disease patients treated with subthalamic nucleus
deep brain stimulation: a 1-year follow-up study.
J Neural Transm. 2017;124(12):1547-1556. doi:
10.1007/s00702-017-1804-x

Tsuboi T, Watanabe H, Tanaka Y, et al. Distinct
phenotypes of speech and voice disorders in
Parkinson’s disease after subthalamic nucleus
deep brain stimulation. J Neurol Neurosurg
Psychiatry. 2015;86(8):856-864. doi: 10.1136/
jnnp-2014-308043

Ackermann H, Mathiak K, Riecker A. The con-
tribution of the cerebellum to speech production
and speech perception: clinical and functional
imaging data. Cerebellum. 2007;6(3):202-213.
doi: 10.1080/14734220701266742

Ackermann H, Ziegler W. Acoustic analysis of
vocal instability in cerebellar dysfunctions. Ann
Otol Rhinol Laryngol. 1994;103(2):98-104. doi:
10.1177/000348949410300203

Kent RD, Kent JF, Duffy JR, Thomas JE, Weismer
G, Stuntebeck S. Ataxic dysarthria. ] Speech Lang
Hear Res. 2000;43(5):1275-1289. doi: 10.1044/
jslhr.4305.1275

Ackermann H, Ziegler W. Cerebellar voice
tremor: an acoustic analysis. ] Neurol Neurosurg
Psychiatry.  1991;54(1):74-76. doi:  10.1136/
jnnp.54.1.74

Lechtenberg R, Gilman S. Speech disorders in
cerebellar disease. Ann Neurol. 1978;3(4):285-
290. doi: 10.1002/ana.410030402



