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The Laryngoscope

Lippincott Williams & Wilkins, Inc., Philadelphia
© 2000 The American Laryngological,
Rhinological and Otological Society, Inc.

Botulinum Toxin for Essential Tremor of the
Voice With Multiple Anatomical Sites of
Tremor: A Crossover Design Study of
Unilateral Versus Bilateral Injection

Paul Warrick, MD; Christopher Dromey, PhD; Jonathan C. Irish, MD, MSc, FRCSC, FACS;
Lisa Durkin, MSc; Anthony Pakiam, MD, FRCPC; Anthony Lang, MD, FRCPC

Objectives/Hypothesis: To evaluate the relative ef-
ficacy of unilateral and bilateral injections of botuli-
num toxin injection (BOTOX) in the treatment of es-
sential tremor of the voice (ETV). Study Design:
Prospective open-label crossover study. Methods: Pa-
tients referred to the Neurolaryngology Clinic at To-
ronto General Hospital with a diagnosis of ETV were
eligible for the study. Patients were sequentially as-
signed to receive BOTOX as either a bilateral 2.5-U or
a unilateral 15-U electromyography-guided injection,
followed by the alternative injection 16 to 18 weeks
later. Acoustic, aerodynamic, and nasopharyngo-
scopic data were collected approximately 2, 6, 10, and
16 weeks after each injection. Patients were asked to
provide a perceptual evaluation of BOTOX effects at
the conclusion of the study. Results: Three of 10 pa-
tients demonstrated an objective reduction in tremor
severity with bilateral injection, and 2 of 9 with uni-
lateral injection. However, 8 of 10 patients wished to
be re-injected at the conclusion of the study. A reduc-
tion in vocal effort appeared to be coincident with
reduction in laryngeal airway resistance after BO-
TOX injection. Conclusions: Using objective acoustic
measures, only a small proportion of patients
achieved benefit from BOTOX injection for ETV. How-
ever, a majority of patients in our study benefited
from a subjective reduction in vocal effort that may
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have been attributable to reduced laryngeal airway
resistance. Key Words: Essential tremor, botulinum
toxin.
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INTRODUCTION

Essential tremor of the voice (ETV) refers to the
periodic contraction of antagonistic adductor-abductor
and/or superior-inferior laryngeal muscles in an alternat-
ing or synchronous fashion. Periodic tremulous voice is
the most important characteristic that differentiates ETV
from other conditions. The tremor is exacerbated in situ-
ations of emotional tension (55%), use of the telephone
(16%), and fatigue (13%), and may improve with the use of
alcohol (13%).* Risk factors for ETV include advancing age
and a positive family history. Essential tremor is marked
by a bimodal age distribution, peaking in the second and
sixth decades.? Prevalence estimates for essential tremor
of any anatomical site range from 0.4% to 5.6% of the
population older than 40 years of age, making it the most
common movement disorder.® Approximately 25% of pa-
tients with essential tremor will have ETV,%* but only a
minority of these cases present clinically. Most patients
present with several tremulous muscle groups, including
the palate,® hyoglossus,® strap muscles,” rectus abdomi-
nus, and diaphragm.”® One study suggests that the inci-
dence of intralaryngeal and extralaryngeal muscle tremor
involvement is as follows: thyrohyoid, 100%; thyroaryte-
noid, 80%; sternothyroid, 66%; and cricothyroid, 63%.” In
the largest review of ETV (31 patients), Brown and Simon-
son’ found that 6 patients (19%) had isolated voice tremor,
and the remaining 25 had associated tremors with the
following frequency: upper extremity (77%), lower extrem-
ity (13%), head (52%), face (10%), and tongue (3%). Sixteen
(52%) had a positive family history for tremor. Familial
clustering of essential tremor ranges from 17% to 100%,
with autosomal dominance being the suspected mode of
inheritance.® Essential tremor is thought to result from
overactivity of the cerebellum’®~'2 and does not correlate
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well with a subsequent diagnosis of Parkinson’s disease;'?
contradictory evidence exists, however.>!* The frequency
of tremor gradually decreases with age, from the physio-
logical frequency range of 8 to 12 Hz to the pathological
and visually perceptible 5- to 7-Hz range among those
older than 60 years.'® These findings suggest that voice
tremor is an intention tremor, likely associated primarily
with speech-related adduction of the vocal folds.

The diagnosis of ETV often requires the experience of
a tertiary referral center. In our experience with 175 con-
secutive patients referred to The Toronto General Hospi-
tal Neurolaryngology Clinic for suspected spasmodic dys-
phonia, 17% had a diagnosis of isolated ETV, 15% had
overlap of ETV with adductor spasmodic dysphonia
(ADSD), and 37% had isolated ADSD (unpublished obser-
vations). Important to note is the particular difficulty in
differentiating overlap disease from true ETV. For this
purpose, acoustic analysis can identify periodic oscillation
in both frequency and amplitude among patients with
ETV,'® which differentiates ETV from ADSD and overlap
disease, which involve less rhythmic oscillation of the
voice tremor. Patients suffering from ETV may therefore
have a predominantly amplitude or a predominantly fre-
quency tremor, and these components may respond differ-
ently to treatment.'”

Pharmacological management of ETV has demon-
strated disappointing results, with response rates ranging
from 24% to 40%. Agents tested include B-adrenergic an-
tagonists (propranolol),’®~2° anticonvulsants (primi-
done),?! benzodiazepines (clonazepam, diazepam),?° and
carbonic anhydrase inhibitors (methazolamide).'”-22

Botulinum Toxin

Botulinum toxin type A (BOTOX, Allergan, Irvine,
CA) is a potent inhibitor of acetylcholine release from the
neuromuscular junction. Since its introduction as a ther-
apeutic agent in 1983, BOTOX has become the treatment
of choice for managing blepharospasm,?® hemifacial
spasm,?* oromandibular dystonia,?® torticollis,?® limb dys-
tonias,?” and spasmodic dysphonia.?®?° Recent evidence
suggests that BOTOX may be useful in managing ETV.
Jankovic and Schwartz®® have reported the use of BOTOX
in 51 patients having head and/or hand tremors of various
etiologies, including essential tremor, dystonia, and par-
kinsonism. Koda and Ludlow” noted that the high inci-
dence of thyroarytenoid muscle involvement in their study
suggests that patients with voice tremor should respond
well to BOTOX injection. Ludlow and colleagues have
reported preliminary results on the use of BOTOX in
idiopathic voice tremor,®'2 but neither of these reports
commented on the diagnosis or categorization of patients
with voice tremor or attempted to isolate patients with
ETV.

Study Objectives

We have used BOTOX in patients with ETV in our
neurolaryngology clinic for the past 5 years with favorable
anecdotal experience. We wanted to evaluate the efficacy
of BOTOX to attenuate ETV with multiple anatomical
sites of tremor using objective acoustic and aerodynamic
data, perceptual measures derived from audio and endo-
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scopic data, as well as patient perception of the benefit of
effect. We present the results of a crossover design open-
label comparison study of unilateral versus bilateral in-
jection with BOTOX for ETV with multiple sites of tremor.
This study represents the first scientific evaluation of
BOTOX for ETV to our knowledge.

MATERIALS AND METHODS

Patients

After institutional ethics board approval and informed writ-
ten consent, 10 patients of Northern European descent who re-
ceived diagnoses of ETV or ETV-ADSD overlap from both the
neurolaryngology (J.C.I., L.D.) and movement disorders (A.L., A.P.)
clinics were asked to take part in the study. Each patient was
questioned about the nature of his or her symptoms of tremor, the
degree of disability caused by the tremor, family history of tremor
and other neurologic disease, and expectations of treatment with
BOTOX. No patient underwent concurrent speech-language ther-
apy as part of the treatment regimen. The patients underwent
hearing screening to ensure thresholds of less than or equal to 40
dB at each of 0.25, 0.50, 1, 2, and 4 kHz.

Treatment Regimen

Patients received percutaneous electromyography-guided
injection of BOTOX according to the method described by Ludlow
et al.?® Patients received either bilateral injection at the time of
enrollment followed by unilateral injection 16 to 18 weeks later,
or vice versa, according to the order of their enrollment. Odd-
numbered patients were designated to receive bilateral injection
first and even-numbered patients were scheduled for unilateral
injection first. (Patients 4 and 7 were enrolled in a coincident
longitudinal study of BOTOX by the same authors and for this
reason both received bilateral injection first, despite the fact that
patient 4 was scheduled according to our protocol to receive
unilateral injection first.)

BOTOX treatment was standardized. Bilateral treatment
consisted of 2.5 units of BOTOX reconstituted in normal saline
injected into each vocalis muscle and unilateral treatment con-
sisted of 15 units of BOTOX injected into the left vocalis muscle.
All but one of the patients were re-injected with the alternative
injection of BOTOX at 16 to 18 weeks of follow-up. Patient 4
declined repeat injection after experiencing prolonged breathi-
ness after bilateral injection. He received voice therapy from the
speech-language pathologist in our group (L.D.) to circumvent any
maladaptive strategies he might have developed during the pro-
cess after his first injection with BOTOX.

Data Collection

Data were collected before injection and approximately 2, 6,
10, and 16 weeks after each injection. During each visit acoustic
and aerodynamic recordings were made of the patient’s voice. All
patients were also asked to undergo direct nasopharyngoscopy
and videostroboscopy at each visit. Collection of the endoscopic
component of our data were subject to patients’ tolerance of the
procedure.

Instrumentation

Recordings were made in a sound booth using a head-
mounted microphone (AKG C-420) positioned 4 ¢cm from the pa-
tient’s mouth. Sound pressure level was measured with a sound
level meter (CEL 254) placed exactly 50 cm from the patient’s
lips. Acoustic and sound pressure level signals were recorded into
a digital audio tape recorder (Panasonic SV-3800). During each
recording session, the vowel /a/ was produced three times at
normal pitch and loudness for about 5 seconds, and was also
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sustained maximally three times to record the maximum phona-
tion time. A standardized reading passage (The Rainbow Pas-
sage) was recorded. Signals were later digitized using the Com-
puterized Speech Lab (CSL) (Kay Elemetrics Model 4300B,
Lincoln Park, NJ). The Motor Speech Profile module of CSL
provided magnitude, rate, and periodicity measures of both am-
plitude and frequency tremor in vowel phonation. For each re-
cording, the three normal pitch and loudness vowels were ana-
lyzed by selecting a 2.0-second window starting 500 milliseconds
into each vowel.

Aerodynamic data were digitized on-line using a pneumota-
chograph mask (Glottal Enterprises MS100-A2, Syracuse, NY)
that transduced oral airflow and intraoral air pressure. The flow
signal was low-pass filtered at 4.5 kHz (Frequency Devices 901)
and digitized at 10 kHz (Data Translation 2801A) on a Pentium
PC using C-SpeechSP software (Milenkovic, Madison, WI). This
system was calibrated before each recording session using flow-
meter and a manometer. Three trains of at least five /pae/ sylla-
bles were produced. This task allowed measures of oral airflow,
intraoral air pressure, and sound pressure level. Estimated la-
ryngeal airway resistance was calculated by dividing the esti-
mated subglottal pressure by the mean mid-vowel airflow from
the middle syllable from each of the three trains on each date,
according to the method described by Smitheran and Hixon.?*

Laryngoscopic data were acquired before injection and ap-
proximately 2, 6, 10, and 16 weeks thereafter and were recorded
to S-VHS videotape (Kay Elemetrics videostroboscope system).
Flexible nasopharyngoscopy was used to assess tremor of the
palate during rest breathing, prolonged /a/ phonation and /sec-
ond/ fricatives. Using flexible nasolaryngoscopy with halogen
light, the oropharynx, hypopharynx, and larynx were viewed for
their degree of tremor during rest breathing, and prolonged /i/
phonation with pitch and loudness variation. Videostroboscopic
data were collected throughout the study, but too often, due to the
fluctuation in frequency secondary to the tremor, this part of our
data proved to be an unreliable marker of voice tremor and did
not undergo detailed analysis.

Perceptual Analysis

Perceptual analysis of acoustic data was obtained using
selected reading tasks in random order before and approximately
2, 6, 10, and 16 weeks after injection of BOTOX. Six speech-
language pathologists blindly rated randomized samples of the
first two sentences of the Rainbow Passage. Perceived vocal ef-
fort, tremor, and quality were evaluated by moving a computer
display pointer along a visual analogue scale with a mouse. The
values obtained were converted to their equivalent visual ana-
logue scale (VAS, 10 cm) ratings. The Appendix at the end of this
manuscript explains the values assigned to 0 cm and 10 cm for
each VAS used in the study. The raters listened to the recordings
in a sound-treated booth and were allowed to hear samples more
than once. Alpha coefficients were calculated for intrarater reli-
ability; only the data from those raters whose alpha coefficients
were greater than 0.9 were included in the perceptual analysis.

Perceptual analysis of nasopharyngoscopy data was ob-
tained using randomized silent video samples from the same time
intervals as the perceptual acoustic data. Three blinded raters
(c.D., J.C.1., L.D.) provided VAS assessments of abductor-adductor
and superior-inferior tremor, supraglottic hyperfunction, and vo-
cal fold adduction during phonation.

Patients were asked at the conclusion of the study to provide
their retrospective opinion about BOTOX treatment. Patients
completed VAS for overall satisfaction, subjective voice improve-
ment and reduction in tremor. We inquired about the incidence
and severity of swallowing problems, breathiness, and coughing.
Patients were asked to compare the efficacy of bilateral versus
unilateral injection and whether they would like to continue with
future BOTOX injections.

RESULTS

Table I presents patient demographic data. These
data concur with other published data regarding the epi-
demiology of ETV. Patients were in their fifth to eighth
decade and were of Northern European (British, Irish,

TABLE I.
Patient Demographics.

Prior Treatment or Consultation

Patient Age Duration
No. (y) Sex Diagnosis Occupation Vocal Hobbies ) SLP Neurology Otolaryngology Family History
1 73 F ETV Banker Singingt 2 0 0 0 —
2 75 F ETV-ADSD overlap Homemaker None 20 1 1 0 —
3 48 F ETV-ADSD overlap Teacher None 12 1 1 0 —
4 62 M  ETV Professor None 15 1 1 1 Parkinson’s (aunt)
5* 70 F ETV-ADSD overlap Office manager Volunteert 5 1 1 1 Parkinson’s (father)
46 F ETV-ADSD overlap Marketingt None 22 1 0 2 —
7 65 M ETV Architect Singingt 12 1 1 1 Hand tremor (twin brother)
8 70 F ETV Secretary Volunteer 6 0 2 1 —
9 77 F ETV Office worker None 14 0 2 1 Voice tremor (mother)
10 57 F ETV Homecare nurset  None 10 0 1 1 Parkinson’s (father)
Head tremor (brother)
Mean 64.3 11.8 0.6 1.3 1.1
SD 10.9 6.4 0.5 0.5 0.4

*Patient had multiple sclerosis; full examination in the movement disorders and neurolaryngology units determined that this disease was distinct from her

laryngeal essential tremor and did not contribute to her voice tremor.

TPatient is retired from stated occupation or no longer pursues vocal hobby.

“Previous treatment” indicates the number of consultants the patient had seen in the respective specialties shown. ETV = essential tremor of the voice;

ADSD = adductor spasmodic dysphonia; SLP = speech-language pathology.
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Scandinavian, Lithuanian, and German) extraction. Five
of the 10 patients had previously decided to give up either
their original employment or a hobby that they found
pleasurable because of the speech impairment caused by
vocal tremor. Patients had experienced the symptoms of
ETV for approximately 12 years on average by the time
they had enrolled in the study. Two of the 10 patients had
a diagnosis of overlap (ETV-ADSD) disease. Patients at-
tested to worsening of their voice tremor in association
with increased emotional stress (5/10), physical fatigue
(4/10), or caffeine ingestion (7/10). Improvement of voice
tremor was reported to be associated with alcohol inges-
tion (4/10) or good hydration (2/10). Five patients reported
having a family history of tremor in a first-degree or
second-degree relative, three of whom attributed this
tremor to a diagnosis of Parkinson’s disease.

Patients had consulted with an average of one neu-
rologist and one otolaryngologist before presenting to the
neurolaryngology clinic for evaluation. Six of 10 had con-
sulted with a single speech-language pathologist before
our assessment. All had reported little to no benefit from
previous attempts at voice therapy. Five of the 10 patients
had been treated previously with BOTOX injection, of
whom only 3 had received BOTOX injection in the 3
months before commencing the study. A single patient
already enrolled in the study received a unilateral injec-
tion without any attendant breathiness, which she had
experienced after previous injections. She was therefore
re-injected 21 days later and the latter injection was fol-
lowed for study purposes. Patients had on average three to
four anatomical sites of tremor on clinical examination
(Table II) that may have contributed to perceptible voice
tremor. No patient in the current study had isolated vo-
calis muscle tremor.

Figure 1 depicts the measured percentage of modu-
lation of amplitude and frequency of the patients over the
course of the study after both unilateral and bilateral
injections. A trend toward reduction in both aspects of
tremor was noted with the unilateral injection, but only

UNILATERAL

ERAL
Modulation BILAT!

25 -

Amplitude
Tremor
s &
—

4.0

20

Frequency Tremor

0 2 4 6 8 1 12 14 16 ¢ 2 4 6 8 10 12 14 18

Time weeks)

Fig. 1. Acoustic analysis of essential tremor of the voice treated with
serial bilateral and unilateral BOTOX injections.

frequency tremor showed a trend toward reduction with
bilateral injection. None of these reductions were sus-
tained at the 6 week follow-up, so that limited long-term
clinical benefit was derived from this effect. Only 3 of 10
bilateral injection patients and only 2 of 9 unilateral in-
jection patients maintained frequency and amplitude
tremor modulation values of less than half of baseline at
the 6-week follow-up visit.

Figure 2 demonstrates the aerodynamic parameters
(estimated subglottic pressure and laryngeal airflow)
measured in this study. Sound pressure level, as mea-
sured at the same transducer for these parameters, is also
included. Estimated laryngeal airway resistance was de-
rived from the latter two measurements. Sound pressure
level and estimated subglottic pressure remained rela-
tively unchanged for both injection types throughout the
study, suggesting that patients used a similar phonation
strategy over the course of the study. As expected, laryn-
geal airflow increased after injection, as reduced adduc-
tion allowed greater air leak on phonation. Estimated

TABLE II.
Location of Tremor.
Patient
No. Ab/Ad  Sup/Inf Strap Pharyngeal Tongue Palate Lip Periorbital Head Total
1 1 1 0 0 0 0 0 0 0 2
2 1 0 0 0 0 0 0 0 1 3
3 1 0 1 0 0 1 0 0 0 3
4 1 1 0 1 0 1 0 0 0 4
5 1 0 0 0 0 0 0 0 0 2
6 1 0 0 0 1 1 0 0 0 3
7 1 1 0 0 0 1 0 1 0 4
8 1 0 0 0 1 1 1 0 0 4
9 1 1 0 1 1 1 0 0 0 5
10 1 1 0 0 0 0 0 0 1 4
Total 10 5 1 2 3 6 1 1 2 —
Mean = SD — — — — — — — — — 384=*=09

Ab/Ad = abductor/adductor; Sup/Inf = superior/inferior.
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Fig. 2. Aerodynamic analysis of essential tremor of the voice treated
with serial bilateral and unilateral BOTOX injections.

laryngeal airway resistance was reduced after injection,
particularly in the case of bilateral injection, and gradu-
ally returned to pretreatment levels over the course of the
16- to 18-week observation period.

Table III illustrates the changes in perceived vocal
effort, tremor, and quality at 0 and 6 weeks with unilat-

eral and bilateral injection evaluated by the speech-
language pathologists. Positive changes reflect an in-
crease in VAS score over the interval and negative
changes reflect a decrease. For the audio perceptual data,
four of six raters produced alpha reliability coefficients
greater than 0.9 and were included in the analysis. Intra-
class correlation coefficients for the four raters are as
follows: tremor, 0.878; effort, 0.883; and quality, 0.861.
Patient 4 declined to continue with the second arm of the
study after experiencing profound and prolonged breathi-
ness after the first injection. Mean VAS ratings demon-
strated a trend toward improvement for all parameters
with both forms of injection, but the variation of response
was wide, and these differences are not statistically sig-
nificant. One can extract more useful information by ex-
amining these patients individually. Patients 8, 9, and 10
demonstrated marked VAS reductions in all acoustic per-
ceptual parameters with both bilateral and unilateral in-
jections, and patient 7 did so with bilateral injection.
Similarly, perceptual evaluation of nasopharyngos-
copy data by three expert blinded raters is shown in Table
IV. All three raters produced alpha reliability coefficients
greater than 0.9. The intraclass correlation coefficient for
all video ratings was 0.866. Some data points are missing
because some patients declined to allow nasopharyngos-
copy for one or both of the two study arms. From these
data, no obvious trend is apparent, again owing to the
wide variability in response in this small study popula-
tion. Patients 3, 7, 8, and 9 had the most marked reduc-
tions of laryngeal tremor with unilateral injection and
patients 5, 7, and 8 responded well to unilateral injection.
Patients 5 and 10 demonstrated reductions in supraglottic
hyperfunction with unilateral injection and patients 5,7,
and 8 responded well to bilateral injection. Vocal fold
adduction, a measure of accurate placement of the injec-
tion, was reduced by 50% or more on all but 4 of 15

TABLE Ill.
Perceptual Acoustic Data.
Unilateral Bilateral
Patient
No. Tremor Effort Quality Tremor Effort Quality
1 6 1 2 3 —-14 -7
2 -3 -20 -2 19 -3 3
3 -10 -1 7 -3 —-17 -8
4 —_ —_ —_ —48 -1 32
5 20 19 15 31 13 11
6 -17 -8 4 -9 -4 -3
7 —-37 -3 20 —46 —-25 —24
8 —36 —41 -26 -5 -25 -11
9 —-20 —-29 -21 —-20 =27 —-14
10 —22 —-17 —-17 —-29 —-35 —22
N 9 9 9 10 10 10
Mean -13 —11 -2 —11 —-14 -4
SD 19 18 16 26 15 17
Laryngoscope 110: August 2000 Warrick et al.: Botulinum Toxin for Essential Tremor of the Voice

1370

95U8017 SUOWWIOD BAIER.D 3(dedl|dde ayy Aq peuseAob se Sa1e O 8SN J0 S9|NJ 10} Aiq 1] 8UIJUO AB]1M UO (SUONIPUOD-pUe-SWLB) WD’ A8 1M Aeiq Ul |uo//Sdiy) SUONIPUOD pue swie | au18es *[202/TT/80] uo Akeidiauluo A1 ‘Aiseaiun Buno A weybug Ag 82000-000800002-2ESS0000/.60T OT/I0p/W0D" A8 1M Akeiq 1 put|uo//sdiy wolj papeojumod ‘8 ‘0002 'S66vTEST



TABLE IV.
Perceptual Nasopharyngoscopy Data.
Unilateral Bilateral
Supraglottic Supraglottic
Tremor Hyperfunction Tremor Hyperfunction
Patient
No. Sup/Inf Add/Abd Ant/Post Vent Fold Adduction Sup/Inf Add/Abd Ant/Post Vent Fold Adduction
1 1.0 1.8 0.3 0.5 -1.8 -0.4 0.3 -1.0 -0.1 -0.8
2 — — — — — 1.2 -1.4 3.0 2.8 0.0
3 -5.1 —4.6 1.9 1.4 —3.6 5.7 1.5 —2.8 0.7 -0.2
4 — — — — — 1.9 0.2 0.6 0.6 —2.1
5 3.1 1.7 —2.4 —4.4 -2.0 -1.9 -0.9 -3.5 —2.6 -0.9
6 — — — — — — — — — —
7 —2.8 -5.1 —-1.1 1.2 —4.6 -3.0 -3.1 —-3.4 -0.6 -3.5
8 -3.0 —4.3 0.1 0.7 2.2 -0.4 -3.0 —-1.7 -0.7 -1.3
9 —-1.7 -1.3 0.1 -0.2 -0.9 — — — — —
10 1.2 -1.2 —2.9 —2.1 -0.7 0.3 -0.1 4.7 1.6 0.5
N 7 7 7 7 7 8 8 8 8 8
Mean -1.0 -1.8 -0.6 -0.4 -2.3 0.4 -0.8 -0.5 0.2 -1.0
SD 2.9 2.9 1.7 2.1 1.4 2.7 1.6 3.1 1.6 1.3

Add/abd = adductor/abductor; Ant/Post = anterior/posterior; Sup/Inf = superior/inferior; Vent Fold = ventricular fold.

samples, suggesting that good infiltration of the vocalis
muscle was achieved.

Table V outlines patient retrospective perceptual as-
sessment of BOTOX injection. The mean overall satisfac-
tion with BOTOX injection was high, with a mean VAS
rating of 7.2 = 2.7. The mean ability of BOTOX to reduce
tremor, by both the unilateral and bilateral injection
routes, was rated by patients as 7.3 = 2.3. A fairly equal
number of patients felt that their best overall result was
obtained with unilateral injection® versus bilateral injec-
tion.® Two patients felt that the two injections had equal
efficacy. Note that 8 of 10 patients wished to be re-injected

with BOTOX at the conclusion of the study. The most
bothersome side effect was breathiness (6.1 * 2.3), fol-
lowed by coughing/choking (3.0 = 2.1) and swallowing
problems (2.5 = 1.7). One patient did experience pneumo-
nia that occurred 2 to 4 weeks after unilateral (second)
injection of BOTOX and may have therefore been related
to aspiration secondary to the injection. Patients felt that
overall experience with side effects was just as likely to be
more severe with unilateral injection (5 of 9) as with
bilateral injection (4 of 9). Patient 4 did not complete both
arms of the study and was not included in this part of our
analysis.

TABLE V.
Patient Satisfaction Survey.

Visual Analogue Scale Best Result Most Side Effects

Patient Overall Improved Reduced Swallowing Coughing/ Would
No. Satisfaction Voice Tremor Problems Breathiness Choking Unilateral ~ Bilateral Equal Unilateral Bilateral Continue

1 9.8 9.5 9.1 0.3 2.9 0.8 1 0 0 0 1 1

2 7.0 6.8 6.5 4.9 8.8 5.0 0 1 0 0 1 1

7.7 7.8 9.3 1.7 5.5 3.8 1 0 0 1 0 1

4* — _ — _ — — — - — _ — _

5 9.8 9.8 9.5 2.1 2.6 0.3 1 0 0 1 0 1

6 8.8 7.9 8.0 3.3 9.0 2.6 0 0 1 1 0 1

7 1.1 0.4 1.9 0.5 8.0 0.5 0 1 0 1 0 0

8 6.8 6.3 6.9 2.9 5.5 5.4 0 1 0 1 0 1

9 8.1 6.9 6.9 5.3 6.3 5.4 1 0 0 0 1 1
10 5.9 5.1 7.7 1.9 6.1 2.9 0 0 1 0 1 1
Total 4 3 2 5 4 8
Mean 7.2 6.7 7.3 2.5 6.1 3.0
SD 2.7 2.8 2.3 1.7 2.3 2.1

*No data were obtained for this patient, who did not complete study.
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DISCUSSION

Quantitative data regarding the use of botulinum
toxin A injection in cases of ETV have not been reported
previously. Given the low prevalence of ETV severe
enough to cause patients to seek out medical attention,
even major referral centers have difficulty assembling
large case series. Therefore, we designed the current
crossover study of unilateral versus bilateral BOTOX in-
jection to maximize the amount of data generated by our
study.

The major objective of this study was to evaluate the
efficacy of BOTOX to attenuate ETV. BOTOX demon-
strated remarkable effectiveness in reducing ETV in cer-
tain patients in our study. Moreover, most patients re-
ported substantial subjective benefit from having received
BOTOX injection. BOTOX appears to provide these pa-
tients with a tangible improvement in vocal effort and a
measurable decline in laryngeal airway resistance. A re-
duction of laryngeal resistance after BOTOX injection has
also been observed in the spasmodic dysphonia popula-
tion; this effect may represent a universal effect of BO-
TOX.?® Importantly, this reduction in laryngeal airway
resistance occurred in the absence of any concurrent voice
therapy. One would hypothesize that the benefits of voice
therapy would be additive beyond the effect of BOTOX
and would further reduce vocal effort and laryngeal air-
way resistance. In fact, the mean VAS for overall satisfac-
tion with BOTOX injection for the nine patients who fin-
ished the study was 7.2 = 2.7 of a possible 10. Given that
3 of 10 patients demonstrated objective improvement of
their symptoms with bilateral injection and 2 of 9 with
unilateral injection, the level of patient satisfaction ob-
tained with BOTOX in this study is substantial.

The open-label crossover design of this study had
distinct advantages and disadvantages that need to be
taken into account when evaluating our findings. Patients
in this study underwent alternating group assignment to
either bilateral followed by unilateral injection, or vice
versa. Despite the inherent risks of bias with this design,
we felt that such a design was necessary given that the
nature of BOTOX injection renders single-blinded or
double-blinded design challenging, and the need to pro-
vide incentive (through patient awareness of the treat-
ments) to keep a sizeable sample size enrolled over a long
32-week study period. Importantly, evaluation of our data
shows no clear order effect or evidence that this aspect of
our study design substantially influenced our findings.
Moreover, all acoustic, aerodynamic, and audio and video
perceptual data were evaluated in a randomized fashion
by blinded raters, which should eliminate many of the
biases that might be encountered in studies of this type.

The dosing of botulinum toxin chosen in this study
reflects two factors that we considered at the outset of the
study. First, the BOTOX literature in the spasmodic dys-
phonia population is not in agreement as to whether uni-
lateral (range, 5-20 U) or bilateral (range, 2.5-5 U) injec-
tion is more effective.?*~4° Several comparative studies
have demonstrated equivocal benefits of each modali-
ty,26-3840 or a marginal advantage with bilateral®” or uni-
lateral®® injection. Second, as we had no dose-ranging
study in the voice tremor population on which to base the
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dosing for the current study, our dosing was based on 5
years of anecdotal experience injecting these patients, as
well as generally accepted and peer-reviewed dosing for
spasmodic dysphonia used at our institution.?”-3°

The side effect profile of BOTOX did prove to be a
limiting factor in the administration of this agent to our
study population. A total of three patients rated the
breathiness they experienced with BOTOX injection as
greater than 8.0 on our VAS scale, in which 10 repre-
sented “worst possible breathiness.” A further four pa-
tients gave ratings for this parameter of higher than 5.0.
No difference in the incidence of breathiness was noted
between unilateral and bilateral injection. Clinicians need
to be aware that the more elderly patient population with
ETV may be at increased risk of experiencing adverse
effects (especially aspiration) from BOTOX injection and
more careful follow-up of these patients may be war-
ranted, for example, for patients with comorbidities.

No placebo group was included in our study, which
involved an open-label crossover design. While some crit-
ics might view this as a limitation of our study, we be-
lieved this design was essential to extract a large amount
of data from a small number of patients in this relatively
uncommon disease. Had we employed a placebo crossover
design, using saline as the placebo (such as that employed
by Truong et al.® in an ADSD population, patients may
well have been able to guess whether they had received
BOTOX, which routinely causes marked breathiness in
the 2 to 6 weeks after injection, thereby nullifying the
benefits of such a design. Furthermore, without an obvi-
ous benefit from injections, our 32-week evaluation period
would likely have proved too long for some patients who
drove long distances to undergo multiple acoustic, aerody-
namic, and video perceptual evaluations.

We have made several important observations that
may clarify the apparent disparity in the efficacy of BO-
TOX one notes when comparing the objective and subjec-
tive data in this study.

1) Patient perception of vocal effort correlated with the
aerodynamic estimate of laryngeal airway resistance.
Patients with ETV may benefit from the fact that BO-
TOX effectively reduces airway resistance by limiting
vocal fold adduction, which may have the subjective
effect of reducing vocal effort during phonation. Be-
cause patients were not undergoing concurrent voice
therapy, this subjective reduction in vocal effort expe-
rienced by many of the patients in this study appears to
be due to BOTOX injection.

The objective response rates obtained in this study
with ETV1°~12 were lower than those usually observed
in patients with ADSD, which is likely attributable to
the significant differences in pathophysiology between
these two diseases. For ADSD, neurological dysfunc-
tion is usually limited to the thyroarytenoid muscle
and is associated with high response rates to BOTOX
injection.?®2° Conversely, in ETV the neurological dys-
function is rarely limited to the thyroarytenoid muscles.!
Often ETV involves muscles throughout the upper aero-
digestive tract, such as the levator veli palatini,® hyoglos-
sus,® sternothyroid, thyrohyoid,” rectus abdominus, and

2

~

Warrick et al.: Botulinum Toxin for Essential Tremor of the Voice

95U8017 SUOWWIOD BAIER.D 3(dedl|dde ayy Aq peuseAob se Sa1e O 8SN J0 S9|NJ 10} Aiq 1] 8UIJUO AB]1M UO (SUONIPUOD-pUe-SWLB) WD’ A8 1M Aeiq Ul |uo//Sdiy) SUONIPUOD pue swie | au18es *[202/TT/80] uo Akeidiauluo A1 ‘Aiseaiun Buno A weybug Ag 82000-000800002-2ESS0000/.60T OT/I0p/W0D" A8 1M Akeiq 1 put|uo//sdiy wolj papeojumod ‘8 ‘0002 'S66vTEST



diaphragm.”® With increasing numbers of tremulous
muscles, less benefit of injecting BOTOX only into the
thyroarytenoid muscle would be expected.

The patient population for ETV tends to be elderly, and
are likely at higher risk of side effects and intolerance
to them. The incidence of side effects, such as prolonged
breathiness, coughing, choking, and dysphagia has
been higher in our experience as compared with pa-
tients with ADSD, who tend to be middle-aged and
tolerate BOTOX injection better. This may be attribut-
able in part to coincident presbylarynx in this popula-
tion of patients. In particular, prolonged breathiness,
ranging from 2 to 10 weeks in this study, must be
considered when evaluating BOTOX for use in this
population. The relatively increased duration of these
side effects likely impairs the benefit derived from BO-
TOX, both from a subjective and an objective point of
view. Although a reduction in the administered dose of
BOTOX may be considered, this would likely be at the
expense of efficacy.

3

=

CONCLUSION

Using objective acoustic measures, only a small pro-
portion of patients achieved benefit from BOTOX injection
for ETV. However, a majority of patients in our study
benefited from a subjective reduction in vocal effort that
may have been attributable to reduced laryngeal airway
resistance.

BOTOX, given by either unilateral or bilateral intra-
thyroarytenoid electromyography-guided injection, should
be regarded as a viable treatment for patients with ETV
and deserves further study to elucidate subgroups of pa-
tients who will most benefit from this therapy. More side
effects can be anticipated with these patients, as opposed
to the ADSD population. The mechanism and therapeutic
significance of the association of perceived vocal effort
with estimated laryngeal airway resistance noted in this
study need to be clarified. The potential additional benefit
of speech therapy combined with BOTOX injection, as
compared with BOTOX alone, should be addressed in fu-
ture studies.
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APPENDIX.
Definition of Visual Analogue Scales.

Parameter

0cm 10 cm

Audio Perceptual Data
Tremor No tremor
Vocal effort

Quality Excellent quality

Minimal effort

Worst possible tremor
Maximal effort
Worst possible quality

Video Perceptual Data

Superior/inferior tremor No tremor

Worst possible tremor

Adductor/abductor tremor

Supraglottic hyperfunction: anterior/posterior
Supraglottic hyperfunction: ventricular fold
Vocal fold adduction

No tremor

No supraglottic hyperfunction
No supraglottic hyperfunction
No adduction

Worst possible tremor

Worst possible supraglottic hyperfunction
Worst possible supraglottic hyperfunction
Maximal adduction

Patient Perceptual Data
Overall satisfaction
Voice improved on BOTOX
BOTOX reduced tremor
Swallowing problems
Breathiness
Coughing/choking

Not satisfied

Not satisfied

Not satisfied

No swallowing problems
No breathiness

No coughing/choking

Extremely satisfied

Extremely satisfied

Extremely satisfied

Worst possible swallowing problems
Worst possible breathiness

Worst possible coughing/choking
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