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Spasmodic dysphonia almost ended my career. After

6 years of doctors telling me it was ‘all in my head,

two physicians ... finally diagnosed spasmodic dys-

phonia. I was given my first injection of Botox that
very day. Three weeks later I was back on the air.

Diane Rehm

Talk show host (now retired)

National Public Radio

Introduction

Spasmodic dysphonia (SD), a form of laryngeal
dystonia, is a task-specific focal dystonia char-
acterized by irregular and uncontrolled voice
breaks that interrupt normal speech flow and
effortful phonation [1-3]. There are, broadly
speaking, two different types of SD based on the
predominant spasms present: adductor SD
(AdSD) and abductor SD (AbSD), with AdSD
being more common than AbSD. The former is
typified by adductor spasms causing choked,
harsh voice breaks, especially on vowels and
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voiced phonemes, while the latter is character-
ized by hyperabduction of the vocal folds lead-
ing to prolonged voiceless consonants [3, 4]
(Table 16.1). In some instances, both types of
SD can occur in the same patient.

First accounts of SD hypothesized a psycho-
somatic cause for the pathogenesis of SD. This
changed in 1960 when Robe et al. postulated a
central nervous system (CNS) etiology [5]. Since
then, environmental, genetic, and neurologic risk

factors have been proposed.

Table 16.1 Differences between adductor and abductor

spasmodic dysphonia

Adductor spasmodic
dysphonia

Abductor spasmodic
dysphonia

“Sentences loaded with
voiced segments will
worsen symptoms”

“Difficulty with voice
onset following voiceless
sounds”

Intermittent glottal stops
(vowel breaks) in vowels
on voiced sentences

Intermittent breathy
breaks in voiceless
consonants before
vowels in sentences

Strain-strangled, effortful,
tight voice quality

Symptoms most evident
during connected speech

Patient report of speaking
effort

Few symptoms on
prolonged vowels

Symptoms reduced during
whisper

Intermittent abductor
spasm of the vocal folds
or arytenoids during
speech

Intermittent vocal fold or
arytenoid hyperadduction
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Epidemiology

SD is a rare clinical condition. Prevalence esti-
mates vary between 1 in 100,000 and 2.9 per
1,000,000 persons [6, 7]. Roughly two-thirds of
all patients affected are female, predominantly
in their middle decades of life [1, 8]. Several
case series have identified a range of female pre-
dominance between 62% and 80% [8—-12] and a
mean onset between 45 and 51 years of age [8,
10-12]. AdSD occurs more frequently than
AbSD, with reported AdSD percentages ranging
from 82% to 96.6% [8, 9, 12]. Vocal tremor can
also coexist with SD and has been described as
occurring in 29-55% of SD patients [8, 13] with
a slightly higher incidence in females noted by
one study [8].

Frequently described risk factors include a
personal or family history of cervical dystonia or
tremor [8, 13], previous sinus or throat infec-
tions, mumps or rubella infections [12], extensive
voice use, and stress [14]. The link between viral
illnesses and neurological sequelae is established
in other diseases such as Ramsay Hunt syndrome,
virus-induced vocal fold paralysis, and long-term
neurological deficits following meningitis or
encephalitis, but not as yet found in SD [12, 15].
Controlled epidemiological studies are needed to
identify genetic and environmental risk factors
for SD. Such findings might help to identify “at-
risk” patient populations for SD and might even-
tually contribute to the diagnosis of SD.

Genetics

There has been significant growing interest in the
possible association of genetic factors with the
development of SD. This is in part due to accessi-
ble genetic testing and recent evidence that certain
polymorphisms in generalized dystonia-causing
genes can affect the risk of developing focal or
segmental dystonias [16]. Four different genes
have been found to be related to familial dystonias
with varying degrees of dysphonic features:
TUBB4A, THAPI, TORIA, and GNAL.

The TUBB4A gene is responsible for tubulin
beta-4a chain proteins, which are major compo-

nents of microtubules. TUBB4A mutations can
lead to atrophy in the basal ganglia and cerebel-
lum. This gene has been shown to contribute to
an autosomal-dominant dysphonia that has a
“whispering” voice quality and is distinct from
the sporadic forms of AdSD and AbSD [17].

The THAPI gene regulates endothelial cell
proliferation. Its mutation can lead to a general-
ized form of dystonia, DYT6, that frequently has
laryngeal features [16].

TORIA mutations can lead to a different form
of generalized dystonia that frequently manifests
in childhood or early adulthood [16].

GNAL encodes Gaolf, a G protein (guanine
nucleotide-binding protein) that mediates odor-
ant signaling in the olfactory epithelium.
Although the G protein subunit Gas is the pre-
dominant stimulatory G protein subunit in the
brain, Gaolf replaces Gas in striatal medium
spiny neurons and couples with dopamine type 1
receptors. Gaolf is also expressed in striatal cho-
linergic interneurons. Various GNAL mutations
have been found in families with primary torsion
dystonia, DYT25 [18].

One study examined TUBB4A, THAPI, and
TORIA in 86 patients with SD and found that
none had mutations in these three genes,
although two patients (2.3%) had novel/rare
variants of the THAP1 gene [16]. Another study
of 57 patients with SD examined TUBB4A,
THAPI, TORIA, and GNAL and found that one
patient with SD but without DY7T25 was a GNAL
mutation carrier, indicating that GNAL mutation
may represent a rare genetic factor contributing
to SD risk [19]. These studies suggest that fur-
ther work is needed. As with other forms of dys-
tonia, there may be sporadic and genetically
determined types of SD. The genetic patterns
may become more apparent with further genetic
research.

Pathophysiology

Most recent evidence supports the idea that SD is
a focal dystonia affecting primarily the laryngeal
musculature and is task specific, i.e., only evident
during certain types of speech [20]. Three differ-
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ent neurological mechanisms have been proposed
in the pathophysiology of SD: loss of cortical
inhibition, sensory processing abnormalities, and
neuroanatomical and neurophysiological differ-
ences from normal [1-3].

Loss of Cortical Inhibition

Research on other focal dystonias, such as cervi-
caldystonia, focal hand dystonia, blepharospasms,
and oromandibular dystonia, has demonstrated
reduced cortical inhibition when transcranial
magnetic stimulation is used to measure short-
interval intracortical inhibition (SICI) and corti-
cal silent periods (CSPs) [21]. Samargia et al.
found reduced CSP in the masseter and first dor-
sal interosseous muscles in patients with AdSD
when compared to controls [22]. As unaffected
muscles also seem to demonstrate shorter CSPs
in SD, this might suggest a GABA-ergic dysfunc-
tion. One case report indicated reduced voice
symptoms in neuroleptic-induced dysphonia fol-
lowing administration of a GABA antagonist,
clozapine [23]. A questionnaire study in an SD
patient registry found reduced symptoms reported
following the consumption of alcohol in 55.9%
of patients [24].

Sensory Processing Abnormalities

Sensory processing disturbances have been found
in patients with SD when compared to controls
on visual temporal discrimination testing [25].
Patients with SD required longer intervals
between two flashing lights to be able to discern
the difference between the two. These were simi-
lar findings of impaired somatosensory temporal
discrimination in SD to those previously found in
cervical dystonia [26].

Studies of sensorimotor reflex inhibition for
the laryngeal adductor response to electrical
stimulation of laryngeal sensory nerves showed
reduced central inhibition in AdSD [27] and
AbSD [28]. Similar abnormalities in blink
reflex conditioning were found in patients with
SD [29].

Neuroanatomical and
Neurophysiological Differences

Neuroimaging studies have found neuroanatomi-
cal and neurophysiological differences from
healthy controls in patients with SD that pertain
to the pathophysiology of SD. Functional mag-
netic resonance imaging studies have shown
increased activation in the primary somatosen-
sory cortex, insula, and superior temporal gyrus
during symptomatic and asymptomatic tasks and
decreased activation extent in the basal ganglia,
thalamus, and cerebellum during asymptomatic
tasks in AdSD and AbSD [30]. Increased activa-
tion intensity in SD patients was found only in
the primary somatosensory cortex during symp-
tomatic voice production, which correlated with
AdSD symptom severity [30]. In another study,
diffusion tensor imaging of white matter tracts in
a group of AdSD patients and a neuropathologi-
cal investigation in a single case found altered
microstructural integrity along the right genu of
the internal capsule of the corticobulbar tract
[31]. Deficits along these tracts could interfere
with neural control between cortical and subcor-
tical brain regions that are essential for voluntary
voice production (Fig. 16.1) [1, 31].

Diagnostic Considerations in SD

Diagnosis of SD can be difficult given the complex
symptom presentations and lack of awareness
among clinicians. Diagnostic difficulties can lead to
significant delays in treatment, with one study
reporting delays up to 4.5 years [32]. Since this dis-
order is not common in the general population,
many clinicians, including otolaryngologists and
speech-language pathologists (SLPs) not specializ-
ing in voice disorders, are unfamiliar with the dis-
ease. Therefore, diagnostic teams should ideally
include a multidisciplinary team of otolaryngolo-
gists, SLPs, and neurologists [33]. While the inclu-
sion of a neurologist in the multidisciplinary team is
not universal, some advocate the addition of a neu-
rologist with special interest in dystonias to help
rule out other neurologic disorders since there is an
increased incidence in this patient population.
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Fig. 16.1 Neural network of voluntary laryngeal control:
LM1 (laryngeal motor cortex) to phonatory motor nuclei
(nucleus ambiguus, NA), descending via the corticobul-
bar/corticospinal tract (CBT/CST). Cbl cerebellum, Gp
globus pallidus, Put putamen, VTh ventral lateral thala-
mus. (Adapted from Simoyan et al. [31], with permission
Oxford University Press)

Diagnosis of SD can still be quite difficult
even when a multidisciplinary team is used. A
recent multicenter study across four voice cen-
ters specializing in SD examined classification
agreement for voice disorders including AdSD,
AbSD, vocal tremor, and MTD based on
reviewing voice and nasolaryngoscopy video
recordings of 178 patients without standardized
criteria [34]. There was poor agreement
between specialists regardless of profession
(otolaryngology, speech-language pathology,
or neurology with special interest in voice) or
whether specialists were from the same or dif-
ferent voice centers. As a result, a four-stage
Delphi method was employed to determine
group consensus on criteria for classifying the
various voice disorders among 46 specialists in
SD across the United States [34]. There was
good agreement on the top features for AbSD,
“intermittent breathy breaks” (97%) and
“symptoms most evident in speech” (76%);
however, there was relatively low agreement on
features for AdSD, “intermittent glottal stops”
(53%) and “patient report of speaking effort”

(47%) [34]. Thus, there seems to be a better
agreement on the features of AbSD than
AdSD. Based on the results, a multidisciplinary
group consisting of 12 specialists from four
voice centers was able to develop a spasmodic
dysphonia attribute inventory (SDAI), where a
small number of attributes were selected to help
identify each disorder [34]. The main attributes
selected for AdSD and AbSD can be seen in
Table 16.1 [34].

The primary technique for diagnosing SD
includes a combination of speech examination
and transnasal laryngoscopy. In 2008, Ludlow
et al. recommended the addition of a screening
questionnaire to help identify probable SD [3].
While the screening questionnaire is not consid-
ered standard of care, it is a tool that may help
improve diagnostic accuracy and communication
for both voice experts and nonexperts. This three-
tiered approach (screening questionnaire, speech
examination, and transnasal laryngoscopy) is
described below.

Screening Questionnaire

Initial screening questions aim to determine the
likelihood of an SD diagnosis and involve ques-
tions regarding the presence of effortful phona-
tion, persistence or variability of symptoms,
duration of symptoms (greater than 3 months),
and if some tasks are less affected than speech
(including shouting, crying, laughing, whisper-
ing, and singing) [34].

Speech Examination

The speech examination focuses on typical pre-
sentations of the SD variants and other possible
confounding voice disorders, such as MTD or
vocal tremor. Symptoms of SD are usually char-
acterized by uncontrolled voice breaks due to
laryngeal muscular spasms and complaints that
phonation is effortful. The voice breaks are most
prominent during connected speech. With both
AdSD and AbSD, sentences performed in a
shouted and/or whispered voice should elicit
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fewer symptoms than in conversational speech at
a normal volume [3].

In AdSD, voice breaks are evident during
voiced vowel segments with a choked, strained
characteristic, whereas in AbSD, breathy breaks
occur following voiceless consonants preceding
vowels [4] (see Table 16.1). During voice breaks
in AdSD, quick glottic closures interrupt airflow
and phonation, leading to breaks during vowels
in speech. In AbSD on the other hand, prolonged
vocal fold abduction during voiceless consonants
interferes with the rapid onset of vowels resulting
in breathy voice breaks during voiceless conso-
nants (/h/, /s/, I/, Ip/, I/, /k/). A rare form of SD
is the mixed type, where patients display features
of both AdSD and AbSD.

SD can be easily confused with muscle ten-
sion dysphonia (MTD). Additionally, MTD can
sometimes be superimposed on SD. However, the
vocal tasks in MTD do not alter between speech
sounds (vowels or consonants) or among voice
tasks such as shouting or singing. MTD patients
tend to find all aspects of connected speech and
vocalizations equally difficult. Such patients are
usually responsive to voice therapy alone [35,
36]. In SD patients on the other hand, symptoms
tend to be task-dependent, are most prominent

Table 16.2 Differences between spasmodic dysphonia
and muscle tension dysphonia

Spasmodic Muscle tension
Characteristic | dysphonia dysphonia
Glottal stops Breaks on Equal symptoms on
and vowels vowels vowels and
voiceless
consonants
Shout/whisper | Less affected | Equally affected
Strained voice | Less strained | Constant strain
at high
frequency
Vocal fold May coexist | Not present
tremor
Laryngoscopy | Normal Supraglottic

structure and
symmetry at

compression
obscuring vocal

rest folds during voice
production
Voice therapy | Poorly Responsive

responsive

during connected speech, and do not respond to
voice therapy alone [37] (see Table 16.2).

Vocal tremor often coexists with SD, compli-
cating diagnosis and management. It can be char-
acterized by regular pitch and/or amplitude
oscillation during a sustained vowel, visible
laryngeal tremor on nasolaryngoscopy, tremor of
the pharyngeal constrictor muscles, and possible
additional bobbing of the laryngeal position dur-
ing voicing [34]. This has been reported to occur
in 29-54% of patients with SD [8, 13]. Large sex
differences have also been reported by Patel
et al., with 60% of females and 32.8% of males
with AdSD having concurrent vocal tremor [8].
There is also some suggestion that botulinum
neurotoxin (BoNT) injections are less effective in
patients with concurrent vocal tremor [38].

Transnasal Laryngoscopy

Laryngoscopy is performed to rule out other
structural/functional disorders that may be caus-
ing the patient’s symptoms. Since SD is a disor-
der of connected speech, laryngoscopy should be
performed transnasally to allow for visualization
during connected speech. The vocal folds should
appear normal during quiet breathing and have
full range of motion during coughing and whis-
tling [3, 39]. No masses or lesions should be evi-
dent. One study found that only 10% of
video-only clips of patients with SD were cor-
rectly classified as SD, whereas 73% of audio-
only clips were correctly identified, highlighting
the importance of the clinical speech examina-
tion in the classification of SD.

Supportive Diagnostic Procedures

Occasionally, tremor or spasms may be difficult
to visualize during adductor or abductor sen-
tences. Either videokymography (Fig. 16.2) or
high-speed videolaryngoscopy can help identify
such movement [40]. These methods are not
widely available in the clinical setting and cur-
rently mostly confined to research centers.
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MIDDLE THIRD

A time = 169,5 ms

Fig. 16.2 High-speed videokymography of a patient
with AdSD showing reduction in vibration amplitude and
propagation of the mucosal wave, as well as longer dura-
tion of the closed phase compared to the total duration of
the cycle, (a). Spasms can be observed in detail, (b).
(From Tsuji et al. [40] with permission from Thieme)

Electromyographic (EMG) methods can be
used to detect characteristic motor activation pat-
terns in laryngeal muscles. Some suggest that the
thyroarytenoid muscle is hyperactive in patients
with SD [41]; however, others have found this to
not be the case when compared to controls [42].
Increased muscle latencies have been found in
patients with SD, as well as overactivity of the
cricothyroid muscle in AbSD [43]. When com-
bined, these EMG characteristics can be used to
help identify the specific muscles contributing to
SD and monitor treatment response [44].
However, EMG is invasive and can be time-
consuming, and abnormal muscle activation is
usually not restricted to a single muscle. A neuro-
laryngology study group in 2009 investigated the
use of EMG in SD and concluded that there is

insufficient evidence for EMG to be used as a
diagnostic tool by itself [45].

Medical Management

Both medical and surgical treatments for SD
have focused on denervation of one or more of
the laryngeal muscles to reduce muscle force and
the impact of muscle spasms on phonation. Such
treatment approaches, however, may not alter the
central neural control abnormalities causing mus-
cle spasms but only reduce the impact of the CNS
abnormalities on voice production.

Blitzer in 1985 reported early EMG results in
patients with SD indicating an abnormality in the
motor control system [46]. These findings were
then followed by early attempts at reducing dys-
tonic movements using BoNT injections into
affected laryngeal musculature [47, 48]. BoNT
inhibits release of acetylcholine from the presyn-
aptic terminals into the neuromuscular junction,
causing a temporary partial paralysis. These
effects usually last between 3 and 4 months as
reinnervation occurs and symptoms return [49].
BoNT remains the most commonly used treat-
ment for SD today.

Several studies have shown improvement in
acoustic, aerodynamic, and perceptual character-
istics of voice after BoNT injection [50].
Table 16.3, adapted from Murry [2], outlines
some of the acoustic and physiological changes
that occur after BoNT injections. A study by
Rojas et al. used acoustic voice analysis and
found significant reductions in changes in the
intensity contour and breaks in the fundamental
frequency (fo) contour and reduced rhythmic
variations in intensity and fo on a sustained vowel
/al. The patients reduced their Voice Handicap
Index (VHI) scores at 30 days post-injection, but
not 120 days post-injection [51]. Airflow rates
also increase after BONT injection, but these pla-
teau after a few weeks [50].

Although the primary basis for improvement
of AdSD symptoms after BoNT injection is due
to reduction in local vocal fold muscle activa-
tion [52], there may also be some central effects
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Table 16.3 Acoustic differences after botulinum neuro-
toxin (BoNT) injection

Parameter | Findings

Prolonged vowels

Fo Unchanged

Jitter Lower post BONT

Shimmer Lower post BONT

Harmonic/noise | Improved post BONT

ratio

Subglottic Lower post BONT

pressure

Airflow rate Higher post BoNT (normalized by
~2 weeks)

Voice breaks Fewer post BONT

Tremor Reduced post BoNT in some cases

Speech sentences

Mean Fo Unchanged

Speech rate Increased speech rate post BONT
Airflow rate Higher post BONT

Voice breaks Fewer post BONT

Adapted from Murry [2], with permission

on the origin of muscle spasms after BoNT
injection [53]. Following a unilateral thyroary-
tenoid muscle injection, spasms in contralateral,
non-injected vocal fold muscles are reduced
[54]. This potentially highlights the more com-
plex neural network that is involved in the
pathophysiology of SD. Previous basic research
has shown that BoNT can be transported from
the site of muscle injection centrally to motor
neurons in the brain stem altering muscle
spasms [55-57], although it is not known if this
occurs in the human.

BoNT injections can either be unilateral or
bilateral and are usually guided by EMG or
nasolaryngoscopy [58]. Doses for BoNT injec-
tion may vary from 0.1 to 7.5 units per side [58],
with median starting doses per side ranging from
0.25 to 1.5 units [59]. As reinnervation usually
occurs in 3-4 months resulting in return of
symptoms, repeat injections are required over
time. A recent systematic review found that the
duration of effect ranged between 14.66 and
18.03 weeks [58]. However, laryngeal EMG
demonstrated that effects on motor unit physiol-
ogy can still be present one year later. Based on
a series of 900 patients with SD reported by
Blitzer et al. [49], no clinical impressions indi-

cated that there was a need to increase BoNT
doses over time to achieve the same clinical ben-
efit. While generally considered safe, a histo-
pathological study of the effects on eye muscles
after repeated injection for blepharospasm found
muscular atrophy, scarring, and fibrosis in orbi-
cularis oculi muscles [60]. For patients with
AbSD, most laryngologists in the United States
(79% in one study) advocate unilateral BONT
injections into one posterior cricoarytenoid mus-
cle first. The reported mean starting dose was
higher in AbSD patients at 5 units per side and
ranged from 1 to 15 units. Most laryngologists
(92%) prefer to target the posterior cricoaryte-
noid muscle alone [59].

In 2007 speech benefits of supraglottic injec-
tion were found in four AdSD patients with
sphincteric supraglottic contraction of the ven-
tricular fold obscuring the view of the vocal folds
during phonation [61]. Using EMG control and a
thyrohyoid approach, a traditional injection in the
upper portion of the adductor muscles (the thyro-
arytenoid and lateral cricoarytenoid muscles)
with BoNT did not result in significant voice ben-
efit. In contrast when the oblique portion of the
lateral cricoarytenoid muscles was injected with
BoNT, all four patients demonstrated improved
voice quality post-injection into the supraglottic
region. More recently, ratings of voice function
and patient completion of VHI scales were
administered to evaluate the outcome of 198
supraglottic injections of BONT injection into the
false vocal folds, also termed supraglottic injec-
tion in AdSD patients [62]. The intended benefits
are a reduced incidence of breathy voice after
injection and the preservation of fo control dur-
ing singing. Slightly higher doses were used for
these injections (mean dose 6.94 units per side),
with an average interval between injections of
15.6 weeks [62]. Most patients (74%) reported
no post-injection voice decline that can some-
times accompany BoNT injections. However,
given the wide variation in the extent of muscle
fibers in the ventricular fold and the supraglottic
region in the human larynx [63], the diffusion
pattern of injection into muscle fibers in the
supraglottic region is unknown.
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Surgical Management

The first reported procedure for reducing vocal
spasticity, reported in 1976 by Dedo, involved
sectioning of the recurrent laryngeal nerve [64].
However, recurrence of symptoms was found
3 years later in a high proportion of patients [65]
due to reinnervation of the thyroarytenoid mus-
cle by the recurrent laryngeal nerve [66]. Since
then, other surgical alternatives have been
described, including thyroarytenoid myotomy,
type 2 laryngoplasty, selective laryngeal adduc-
tor denervation-reinnervation, laryngeal nerve
crush [58], and extensive avulsion of the recur-
rent laryngeal nerve on resection [67, 68].

Tsuji et al. investigated using endoscopic neu-
rectomy of the thyroarytenoid branch of the
recurrent laryngeal nerve, combined with partial
myectomy of the thyroarytenoid muscle using
CO2 laser for patients with AdSD [69].
Neurectomy was performed by directing an elec-
trocautery tip between the perichondrium of the
thyroid cartilage and the fasciae of the lateral cri-
coarytenoid and thyroarytenoid muscles [69]. A
significant improvement in the Voice Handicap
Index (VHI) was found postoperatively (mean
preoperatively, 99; mean postoperatively, 24) in a
cohort of 15 patients. Similar results were
reported by Gandhi et al. in 2014, with an
improvement of VHI noted from 70 to <25 [70].

Type 2 laryngoplasty has also been described.
A midline thyrotomy is performed and the edges
are separated between 2 and 5 mm, either with a
titanium bridge [71] or with a T-shaped Silastic
shim [72]. In a study by Sanuki et al. in 2017 of
47 patients with AdSD, 69% of patients reported
a reduction in glottal tightness, strangulated
voice, and phonation difficulties [71]. VHI-10
scores improved from 26.8 to 9.4 and these
changes were maintained up to 36 months [71].
Nomoto et al. in 2014 compared thyroarytenoid
muscle myectomy with type 2 laryngoplasty and
found no overall significant difference postopera-
tively, but scores for strangulation, interruption,
and tremor were lower in the myectomy group
[73]. Importantly, postoperative complications
were significantly increased in the myectomy
group, in particular breathiness, and these

changes were irreversible [73]. Although laryn-
goplasty is considered reversible, extensive scar
tissue can interfere with surgery.

In 1999, Berke et al. described a selective
laryngeal adductor denervation-reinnervation
(SLAD) surgery, whereby the thyroarytenoid
branch of the recurrent laryngeal nerve is
divided before insertion into the muscle and the
sternohyoid or sternothyroid branch of the ansa
cervicalis is used for thyroarytenoid reinnerva-
tion. It is believed that by reinnervating the mus-
cle with a different nerve, the ansa cervicalis,
spontaneous RLN reinnervation is less likely
and spasms are less likely to recur in the major-
ity of patients. Follow-up of 136 patients who
underwent this type of surgery found that VHI-
10 scores improved from a mean of 36.6 preop-
eratively to 14.27 postoperatively. Moderate to
severe postoperative breathiness occurred in
20% of patients and appeared to be related to
lateral cricoarytenoid myotomy [74]. In one
case however, described by deConde et al. in
2011, SD symptoms recurred 9 years after
SLAD surgery. This might have been due to pro-
gression of the focal laryngeal dystonia to a
more regional dystonia involving motor neurons
to the ansa cervicalis [75].

To date there have been no studies comparing
the voice outcomes of BoNT with voice charac-
teristics following various surgical interventions
and it is not clear if surgery should be considered
as an adjunct to BoNT or as an alternative. It is
important to note that to date most surgical inter-
ventions have not been demonstrated to have per-
manent long-term benefits on voice in SD.

Frontiers
Pathogenesis

The pathogenesis of SD is still poorly understood
and is likely multifactorial in nature. It can be
viewed as a multiple-hit mechanism with some
endogenous predispositions and environmental
triggers combined to produce the SD phenotype.

Genetic screening for mutations known to
produce various familial dystonias in SD patients
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have only found mutation of GNAL in one patient
with SD and some variants of THAPI in a couple
of SD patients. In general, familial cases with SD
are rare and most cases seem to be sporadic in
nature. Further advances in identifying genetic
factors in other types of dystonia may shed some
light on additional genetic influences in SD.

Pathophysiology

Neuroanatomical and  neurophysiological
research has highlighted the complex neurophys-
iological nature of SD. SD is likely a complex
neural network disorder involving basal ganglia,
cerebellum, and cortical mechanisms, rather than
one single neuroanatomical defect (see Fig. 16.1).

Experimental neurophysiological techniques
using EMG of laryngeal muscles and transcorti-
cal magnetic stimulation to quantify the CSP
have found that the period is shortened in patients
with SD [76], and the CSP in hand muscles
differentiates between SD and MTD [22]. The
CSP could potentially be used as diagnostic
adjunct and also to monitor central changes fol-
lowing BoNT therapy [77].

Previous evidence of dopaminergic dysfunc-
tion comes from case reports of the effects of
antipsychotics such as haloperidol and dopamine
antagonists causing acute laryngeal dystonic
reactions [78]. A recent neuroimaging study
using positron emission tomography quantified
raclopride (RAC) uptake to examine striatal
dopaminergic neurotransmission at rest, while
producing sentences, and during finger tapping in
SD patients. Compared to healthy controls, the
patients had bilaterally decreased RAC binding
to striatal dopamine receptors by 29.2% while
speaking, but increased RAC in the bilateral stri-
atum during asymptomatic tapping. Patients with
more severe voice symptoms had greater RAC
differences, and those with longer SD duration
had a decrease in task-induced RAC. Decreased
dopaminergic transmission during speech may be
pathophysiological in SD, whereas increased
dopaminergic function during unaffected task
performance may be compensatory. These differ-
ences may represent neurochemical alterations in

this disorder. Other results have highlighted the
role of the thalamus and cerebellum in the patho-
physiological processes of SD [53]. Any dys-
function along the laryngeal neural network
could contribute to the occurrence of SD symp-
toms (see Fig. 16.1).

As previously highlighted, there may be under-
lying reduced cortical inhibition and GABA-ergic
dysfunction in SD, evidenced by the benefit expe-
rienced by some patients taking clozapine or con-
suming alcohol [23, 24]. These pathways may
offer potential treatment targets in the future.

Diagnosis

In cases where there still is not a definitive diag-
nosis following speech examination using SD
sentences and nasolaryngoscopy, additional pro-
cedures may be available in the future. This is
especially important, given the difficulty in diag-
nosing SD and the lack of objective testing.
Automated acoustic analysis tools such as the
cepstral spectral index of dysphonia (CSID)
developed by Awan and colleagues can now be
performed on connected speech which is most
affected in SD [79, 80]. Such measures can be
used to determine the severity of voice disorders.
However, the automated tool was only able to
achieve sensitivity of 67% and specificity of 64%
in differentiating SD from MTD, indicating that
it is a measure of dysphonia but not specific to
SD [37]. Previous research by Rees et al. has
demonstrated the value in using spectrographic
features in SD. SLPs were able to correctly dis-
tinguish AdSD from MTD in 96% of cases using
spectrograms [81].

Another approach used for the differentiation
of SD from other voice disorders was the use of a
telephone-screening interview. Experienced cli-
nicians from the same voice center were able to
correctly identify patients as having SD or voice
tremor with 90% sensitivity and 95% specificity
[82]. Further validation across multiple voice
centers is required to determine if this approach
could be used to screen patients for possibly hav-
ing SD before scheduling them for clinical
evaluation.
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Treatment

Currently, the main treatment modality for SD
involves BoNT injection and less frequently sur-
gery. While patients with AdSD have an average
benefit of 90%, AbSD patients only experience a
66% benefit [9]. Large-scale multicenter com-
parisons of quantitative and qualitative measures
of immediate and long-term voice outcomes in
SD patients following BoNT (as a gold standard)
and each of the different surgical techniques is
urgently needed for patients and clinicians to
make informed treatment decisions.

Deep Brain Stimulation for Voice
Tremor and Spasmodic Dysphonia

Deep brain stimulation (DBS) involves the surgi-
cal implantation of stimulating electrodes into spe-
cific brain regions such as the basal ganglia and
thalamus. The electrodes stimulate in one region
to alter the brain network dysfunction and improve
symptoms. An example is bilateral stimulation of
the subthalamic nucleus (STN) used for the treat-
ment of dyskinesia in Parkinson disease. The stim-
ulation does not alter the disease; it only alters the
abnormalities in brain function to reduce symp-
toms. DBS in the globus pallidus internus (GPi) is
now used in generalized dystonia but speech and
voice difficulties may not benefit as much as walk-
ing. However, one study reported that a patient
with adductor SD had a marked benefit [83].
Control of arm tremor can be benefitted by
stimulating the ventral intermediate (Vim)
nucleus of the thalamus bilaterally, and it was
found to benefit voice tremor in two patients with
both arm and voice tremor [84-86]. A similar
approach was used in a patient with essential
tremor and coincident AdSD undergoing deep
brain stimulation (DBS) and investigated the
effects on vocal function. The target of the DBS
was the left thalamic ventral intermediate nucleus
and ventral oralis anterior nucleus. They found
significant improvements in the SD symptoms,
both qualitatively and quantitatively, in the form
of the voice-related quality of life and the Unified
Spasmodic Dysphonia Rating Scale [87].

Interestingly, they did not find any benefit when
the ventral oralis anterior nucleus was stimulated
alone (palladial outflow), whereas the best clini-
cal effects occurred when the ventral intermedi-
ate nucleus (cerebellar outflow) was stimulated.
These are only single cases but suggest that this
may be helpful in a few persons with voice tremor
and SD by stimulating one part of the brain to
reset abnormalities in the brain networks (see
Fig. 16.1). However, great care must be taken as
surgical implantation of electrodes in these small
brain regions may injure the brain causing sig-
nificant side effects such as slurred speech (dys-
arthria). Very refined stimulation techniques are
needed to reduce side effects [88].

Summary

SD is a focal dystonia characterized by irregular
and uncontrollable voice breaks. There are two
types of SD, abductor and adductor SD, typified
by different muscle spasms, leading to different
voice symptoms.

SD is a rare clinical condition, with an esti-
mated prevalence as high as 1 in 100,000. It pre-
dominantly occurs in females in their middle
decades of life. Limited case series have indi-
cated possible risk factors associated with the
occurrence of SD, including a personal or family
history of other types of movement disorders,
previous viral illnesses, extensive voice use, and
stress. While genetic testing has identified poly-
morphisms in other focal dystonias, only a GNAL
mutation has been found in one patient with SD
and variants in THAPI in a couple of cases. In
general, most cases of SD appear to be sporadic.
Only a few are familial and may be genetically
determined. Other pathophysiological mecha-
nisms have been identified, including sensory
processing disturbances, reduced cortical inhibi-
tion, and neurophysiological increases in excit-
ability in the primary somatosensory cortex. Few
neuroanatomical abnormalities have been found,
including white matter reduction in the right genu
of the internal capsule. Overall, SD is likely a
complex neural network disorder, rather than one
single neuroanatomical defect.
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Diagnosis of SD is frequently delayed and
should involve a multidisciplinary team. Diagnosis
involves speech examination, a diagnostic nasolar-
yngoscopy, and occasionally a screening question-
naire. However, there can still be poor agreement
between voice specialists. This has led to the
development of a score sheet to aid in the identifi-
cation of SD and other voice disorders based on
certain attributes, and validation and generalizabil-
ity is still under investigation.

The mainstay of treatment of SD is BoNT
injections into the affected muscle(s), which need
to be repeated every 3—4 months to control symp-
toms. Surgical options include manipulation of
the larynx, either by neurectomy/denervation,
myectomy of the thyroarytenoid muscle, or thy-
roplasty. Experimental methods for future explo-
ration include DBS and GABA antagonists.
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