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Abstract Botulinum toxin (BoNT) has gained widespread
use in a variety of neurological conditions. Parkinson’s dis-
ease is a complex neurodegenerative disorder manifested by
motor and non-motor symptoms that can cause significant
disability. BoNT has been used to effectively treat a variety
of symptoms related to Parkinson’s disease. This review will
examine the current therapeutic indications of BoNT use in
the following disorders related to Parkinson’s disease: cervical
dystonia, blepharospasm and lid apraxia, focal hand dystonia,
foot dystonia, laryngeal dystonia, oromandibular dystonia,
camptocormia, hand and jaw tremor, sialorrhea, hyperhidro-
sis, dysphagia, constipation, and overactive bladder.
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Introduction

Parkinson’s disease (PD) is a progressive, neurodegenerative
disorder that may be characterized by the following cardinal
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motor features: rest tremor, bradykinesia, rigidity, and loss of
postural reflexes. The pathological hallmark of PD is degen-
eration of dopaminergic neurons in the substantia nigra pars
compacta and by the presence of alpha synuclein-positive
neuronal inclusions known as Lewy bodies though there is
degeneration in several motor and non-motor brain circuits.
PD is the second most common neurodegenerative disorder
following Alzheimer’s disease.

In the USA, there are over 60,000 individuals diag-
nosed with PD every year and there are over 1,000,000
individuals living with PD. According to an analysis in
2009, the prevalence rates of diagnosed PD in the
United States (US) population by age range from
0.01 % under the age of 45 to 1.2 % over the age of
65 [1]. Undiagnosed PD remains an issue and as a
result the prevalence rates are likely higher than report-
ed. This analysis also concluded that approximately $14
billion in medical expenses was consumed annually [1].
This was an estimated $8.1 billion in excess of the cost
predicted for a population without PD [1]. As the size
of our elderly population continues to increase, it is
expected that the economic burden of chronic diseases
such as PD will continue to rise [1]. Given that we
have no treatments at this time to cure or slow the
progression of PD, it is imperative that we provide
treatments to help improve the quality of life of patients
with PD [1].

PD is a disorder marked not only by motor features but also
by the presence of non-motor symptoms including sleep dis-
orders, fatigue, pain, urinary dysfunction, constipation,
sialorrhea, cognitive dysfunction, and depression/anxiety
(Table 1). The effect of non-motor symptoms on quality of
life can be more significant than the motor features [2, 3];
therefore, it is essential that we recognize these non-motor
symptoms to help alleviate these symptoms and improve the
quality of life for patients with PD.

@ Springer



511, Page 2 of 11

Curr Neurol Neurosci Rep (2015) 15:511

Table 1 Summary of common

Domain prevalence
(%) PRIAMO N=1072

Non-motor symptoms

non-motor symptoms in Domains

Parkinson’s disease and preva-

lence (%) data from the PRIAMO

study Sensory issues 94.7
Sleep disorders 64.1
Fatigue 58.1
Autonomic issues 88.3
Neuropsychiatric 66.8

Table 1 adapted from [2] Barone Gastrointestinal 61

P, et al. Movement Disorders.
2009;24:1641-1649 and [3]
Chaudhuri KR, et al. Parkinson-
ism Related Disorders.
2011;17:717-723

Pain (shoulder, back pain, dystonia)

Parasthesias

Anosmia

Visual disturbance (diplopia, blurred vision)

Sleep fragmentation

Rapid eye movement (REM) sleep behavior disorder
Restless legs syndrome

Excessive daytime sleepiness

Altered sleep-wake cycle

Orthostatic hypotension
Urgency/nocturia
Erectile dysfunction
Sweating

Rhinorrhea

Sialorrhea

Dry eyes

Depression

Anxiety

Panic attacks
Apathy/loss of motivation
Fear, panic attacks
Dependent personality
Hallucinations
Confusion

Cognitive impairment
Dysphagia
Constipation

Gastric reflux

Nausea

Botulinum Toxin Treatment for Non-motor Symptoms
in Parkinson’s Disease

The motor symptoms of PD including tremor, bradykinesia,
rigidity, and gait difficulty can generally improve with dopa-
minergic therapy, anticholinergic agents, and surgical options.
However, many of the non-motor features and other disabling
symptoms of PD including dysarthria, postural instability,
freezing of gait, and autonomic disability are not as responsive
to these conservative treatments [4, 5]. Botulinum toxin
(BoNT) has been successfully used to treat a variety of symp-
toms related to PD including cervical dystonia, foot dystonia,
focal hand dystonia, laryngeal dystonia, oromandibular dys-
tonia, blepharospasm and lid apraxia, camptocormia, hand
and jaw tremor, sialorrhea, hyperhidrosis, dysphagia, consti-
pation, and overactive bladder [5, 6, 7¢¢, 8—10] (Table 2).
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Botulinum Toxin

Clostridium (C.) botulinum is the bacterium that releases the
most potent neurotoxin known and is responsible for causing
botulism. There are seven different serotypes of C. botulinum
(A—QG), but only the serotypes A, B, and E cause human
botulism via colonization of the lower GI tract after ingestion
of contaminated food. Botulism can present as muscle weak-
ness, paralysis, dysarthria, dysphagia, constipation, and urinary
retention. Death can occur in up to 10-25 % of cases [11].
BoNT inhibits the release of acetylcholine (ACh) at the
neuromuscular junction (NMJ) thereby blocking neuromus-
cular conduction and muscle contraction. The normal release
of ACh at the NMJ occurs through the formation of the
synaptic fusion complex of ACh vesicles bound to the pre-
synaptic membrane by soluble N-ethylmaleimide-sensitive
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Table 2 Common disorders treated with botulinum toxin and level of evidence for the safety and efficacy of botulinum toxin use

Disorders treated with botulinum toxin Level of evidence of safety and efficacy
Dystonia
Cervical dystonia Level A recommendation
Blepharospasm and lid apraxia Level A recommendation
Focal hand dystonia Level B recommendation
Laryngeal dystonia Level C recommendation
Oromandibular dystonia Level C recommendation
Lower limb dystonia Level U recommendation
Camptocormia Level U recommendation
Tremor
Hand and jaw tremor Level U recommendation

Secretory disorders
Hyperhidrosis Level A recommendation
Sialorrhea Level B recommendation

Gastrointestinal and genitourinary disorders

Overactive bladder Level A recommendation
Dysphagia Level U recommendation
Constipation Level U recommendation

Level A: established as effective (requires at least two consistent class I studies); Level B: probably effective (requires at least one class I study or at least
two consistent class II studies); Level C: possibly effective (requires at least one class II study or two consistent class I1I studies); Level U: inadequate or
conflicting data, treatment is unproven

Adapted from:

[5] Jankovic, J. Toxicon.2009;54:614—623.

[7+<] Hallett, M et al. Toxicon. 2013;67:94-114.

[8] Simpson, DM et al. Neurology. 2008;70:1699—1706.
[9] Naumann, M et al. Toxicon. 2013;67:141-152.

AAN Classification of Quality of Evidence for Clinical Trials (see AAN classification of evidence for therapeutic intervention on the Neurology Web site
at www.neurology.org/site/misc/NeurologyFiller.pdf) is shown as follows:

Class I: Prospective, randomized, controlled clinical trial with masked outcome assessment in a representative population. The following are required:
a. Primary outcome(s) clearly defined

b. Exclusion/inclusion criteria clearly defined

c. Adequate accounting for dropouts and crossovers with numbers sufficiently low to have minimal potential for bias

d. Relevant baseline characteristics presented and substantially equivalent among treatment groups or appropriate statistical adjustment for differences
e. For noninferiority or equivalence trials claiming to prove efficacy for one or both drugs, the following are also required:

1. The authors explicitly state the clinically meaningful difference to be excluded by defining the threshold for equivalence or noninferiority

2. The standard treatment used in the study is substantially similar to that used in previous studies establishing efficacy of the standard treatment (e.g., for
a drug, the mode of administration, dose, and dosage adjustments are similar to those previously shown to be effective)

3. The inclusion and exclusion criteria for patient selection and the outcomes of patients on the standard treatment are comparable to those of previous
studies establishing efficacy of the standard treatment

4. The interpretation of the results of the study is based upon a per-protocol analysis that takes into account dropouts or crossovers

Class II: A randomized controlled trial in a representative population that lacks one criterion from a—d above OR a prospective matched group cohort
study in a representative population with masked outcome assessment that meets a—d.

Class III: All other controlled trials including well-defined natural history controls or patients serving as own controls in a representative population,
where outcome assessment is independently assessed or independently derived by objective outcome measurement

Class IV: Evidence from uncontrolled studies, case series, case reports, or expert opinion. Studies not meeting class I, II, or III criteria including
consensus or expert opinion.

factor attachment protein receptor (SNARE) proteins.  presynaptic nerve terminal. The mechanism of action of the
SNARE proteins form a frans complex of three proteins  various serotypes of BoNT are similar in that all cleave the
including syntaxin 1, SNAP-25, and synaptobrevin which SNARE proteins; however, BONT A, C, and E cleave SNAP-
mediate the docking and exocytosis of ACh vesicles at the 25 and BoNT B, D, F, and G cleave synaptobrevin [12].
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Formulations of Botulinum Toxin

BoNT type A was first used clinically for the treatment of
strabismus in 1977 [11]. The US Food and Drug
Administration (FDA) approved BoNT type A for the treat-
ment of strabismus, blepharospasm, and hemifacial spasm in
patients 12 years or older in 1989. In 2000, it was approved for
the treatment of cervical dystonia, and in 2002, it received
approval for cosmetic purposes [11].

There are currently four neurotoxin products approved for
therapeutic use in the USA. The type A formulations
include Onabotulinumtoxin A (Botox, Allergan Inc.),
Abobotulinumtoxin A (Dysport, Ipsen Ltd), and
Incobotulinumtoxin A (Xeomin, Merz Pharmaceuticals).
The one available BoNT type B is Rimabotulinum B
(Myobloc, Solstice Neurosciences Inc).

Onabotulinumtoxin A is approved for the treatment of
chronic migraine, upper limb spasticity in adult patients, cer-
vical dystonia in adult patients, severe axillary hyperhidrosis,
urinary incontinence due to detrusor overactivity, blepharo-
spasm associated with dystonia, and strabismus in patients
12 years of age or older. Abobotulinumtoxin A is indicated for
the treatment of cervical dystonia in adults, and
Incobotulinumtoxin A is approved for the treatment of adults
with cervical dystonia and blepharospasm. Rimabotulinum B
is approved for the treatment of cervical dystonia in adults
[13+]. Each neurotoxin product has its own unique character-
istic based on molecular weight, complexing proteins, onset of
action, and diffusing properties. Therefore, it is important to
note that these agents are not therapeutically interchangeable
[13e].

In this review, we will describe the most common clinical
uses of BoNT therapy in PD. The injection technique, prepa-
ration, and dosage of each type of BoNT will not be described
as this is beyond the scope of this publication.

Dystonia

Dystonia is defined as a movement disorder characterized by
sustained or intermittent, involuntary muscle contractions
causing twisting, repetitive movements, or abnormal postures
[5, 14, 15¢]. The etiology of dystonia can be varied and
includes idiopathic causes, secondary dystonia, or genetic in
origin [13¢]. Focal dystonia affects a specific area of the body
and can present as cervical dystonia, limb dystonia, focal hand
dystonia, laryngeal dystonia, oromandibular dystonia, bleph-
arospasm, and/or camptocormia [13¢]. Dystonia is common in
PD patients and is present in up to 60 % of patients, with a
predilection for young-onset PD [16, 5]. Dystonia can also
occur as a motor complication of levodopa therapy, and dys-
tonic contractions can occur with wearing off and as a peak-
dose dyskinesia [17, 5].
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Cervical Dystonia

Cervical dystonia (CD) is also known as spasmodic torticollis
and is the most common form of focal dystonia resulting from
involuntary contractions of muscles in the neck and shoulders.
CD is characterized by abnormal posturing of the head and
neck in the form of tilting, flexion, or extension movements of
the head combined with elevation or anterior placement of the
shoulders [18]. CD may present as a sustained posture, spasm,
jerks, or tremor.

CD is classified according to the dominant head position or
movement. Rotary (simple) torticollis is the most common
type with other patterns including laterocollis, retrocollis, and
complex torticollis [19]. Anterocollis is the most common
posture associated with parkinsonism, specifically PD and
multiple system atrophy [5]. Neck or shoulder pain is present
in up to 70 % of patients [19]. Although spontaneous remis-
sions of CD have been reported, in the majority of cases, CD is
a lifelong disorder that waxes and wanes in severity and in
some cases may progress to segmental or generalized dystonia
[18].

BoNT is considered the most effective treatment for CD.
Based on the results of eight double-blind, randomized con-
trolled clinical trials meeting the criteria for class I studies, the
efficacy and safety of BoNT types A and B for the treatment
of CD have been established [7¢+, 8]. These studies provided
level A evidence supporting all four BoNT for the treatment of
CD [7¢e, 8]. The most common side effects reported in these
studies included dysphagia and neck weakness. The dosing
equivalency between the four brands of neurotoxin has not
been well established, and controlled randomized comparative
dosing trials would be beneficial for clinicians.

Blepharospasm and Lid Apraxia

Blepharospasm is a focal dystonia characterized by involun-
tary, intermittent, or persistent forceful eyelid closure due to
spasmodic contractions of the orbicularis muscles. Benign
essential blepharospasm describes the involuntary contrac-
tions of only the orbital and periorbital muscles. However,
some patients may also have spasm of other facial,
oromandibular, pharyngeal, laryngeal, or cervical muscles,
which is a form of cranio-cervical dystonia called Meige
syndrome. Blepharospasm typically begins in the fifth to
seventh decade of life and is more common in women [18].
Blepharospasm usually occurs in more advanced stages of PD
but can also occur in atypical parkinsonism.

In the presence of parkinsonism, blepharospasm is often
associated with apraxia of eyelid opening, defined as an
intermittent inability to voluntarily open the eyelids due to
levator inhibition, abnormal contraction of the pretarsal
orbicularis oculi, or eyelid freezing [5]. BoNT has a
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longstanding history in the treatment of blepharospasm and is
considered a first-line therapy. In an evidenced-based review
of the current clinical data available, it was concluded that
Onabotulinumtoxin A and Incobotulinumtoxin A are effective
in the treatment of blepharospasm (level A recommendation)
and Abobotulinumtoxin A is probably effective (level B rec-
ommendation). There were no quality studies to confirm the
efficacy of Rimabotulinumtoxin B contributing to a level U
recommendation [7e¢].

Upper Extremity Dystonia

Focal dystonia in the upper extremities often commences in
the hands and is usually task specific. As the disorder pro-
gresses, the dystonia can have segmental spread and affect
other tasks [18]. The most common upper extremity finding is
Parkinsonian writer’s cramp characterized by an isolated grip
on the pen and minor flexion of the arm in contrast to abnor-
mal contractions of the fingers and arm as seen in typical
dystonic writer’s cramp [20]. Striatal hand characterized by
metacarpophalangeal flexion, interphalangeal joint extension,
and ulnar deviation may also be seen in untreated PD patients
with advanced disease [21].

BoNT is currently the treatment of choice for focal hand
dystonia. The evidence to support the use of BoNT for limb
dystonia (upper extremities) is based on the data from one
class I study [22] and one class II study [23] of
Abobotulinumtoxin A and two class II studies of
Onabotulinumtoxin A. [24, 25]. The most common side effect
reported was focal weakness. Currently, there are no published
randomized, double-blind controlled studies with the use of
Incobotulinumtoxin A or Rimabotulinumtoxin A. In an
evidence-based review of BoNT in the treatment of focal hand
dystonia, both Abobotulinumtoxin A and Onabotulinumtoxin
A were considered to be possibly effective (level B recom-
mendation); however, there was insufficient evidence to con-
firm the efficacy of Incobotulinumtoxin A and
Rimabotulinumtoxin B (level U recommendation) [7¢°].
Although all of these formulations are currently used in clin-
ical practice, further studies are needed to establish dosing
equivalency of all four brands and the effectiveness of
Incobotulinumtoxin A and Rimabotulinumtoxin B.

Lower Limb Dystonia

Foot dystonia is the most common dystonia present at the
onset of PD and may present as the initial manifestation of the
disease [26, 5]. In young-onset PD, foot dystonia often pre-
sents as exercise-induced toe cramping that can progress to
inversion of the foot and disability. The presence of exercise-
induced foot dystonia should raise the suspicion for young-

onset PD [20]. Striatal deformities of the foot with unilateral
equinovarus dystonic posture of the foot and extension of the
great toe can be seen in early-onset PD and up to 10 % of
untreated patients with advanced PD [21]. Foot dystonia has
also been associated with levodopa therapy as wearing off
dystonia and peak-dose dyskinesia [17]. “Off” “dystonia has
been reported to occur in approximately 30 % of patients
treated with longstanding levodopa therapy [20].

In an open-label pilot study, BoNT was used to treat “off”
painful dystonia induced by levodopa in 30 patients with PD.
All patients had improvement in pain in 10 days with no
reported side effects [27]. There are currently no class I studies
confirming the efficacy and safety of BoNT for the treatment
of foot dystonia. Although BoNT is widely used off label for
the treatment of foot dystonia, further studies are needed to
provide high-quality evidence to support BoNT as an effective
treatment modality.

Laryngeal Dystonia

A hallmark feature of PD is hypophonia characterized by
reduced voice intensity and speech audibility. Individuals with
PD commonly present with many other speech and voice
impairments including spasmodic dysphonia, which is a
task-specific focal dystonia of the larynx caused by irregular
and uncontrolled vocal spasms disrupting the normal flow of
speech. There are two main types of spasmodic dysphonia.
Adductor spasmodic dysphonia is characterized by irregular
hyperadduction of the vocal folds during speech resulting in a
strained voice. Abductor spasmodic dysphonia is character-
ized by irregular abnormal abductor spasms during speech
resulting in breathy interruptions or whispering. Some patients
may have signs of both adductor and abductor spasms.

BoNT has been used for the treatment of both forms
of laryngeal dystonia for over 30 years. There is one
class I study that supports the use of Onabotulinumtoxin
A for the treatment of adductor spasmodic dysphonia
that showed improvement in the measured outcomes of
13 patients treated with BoNT type A [28]. The main
side effects reported were excessive breathiness, mild
bleeding, and vocal fold edema. There are several class
IIT studies [29-32] of Onabolutinumtoxin A and one
class III study [33] of Rimabotulinumtoxin B. Based
on the evidence of these studies, Onabotulinumtoxin A
was considered to be possibly effective (level C recom-
mendation) for the treatment of adductor laryngeal dys-
tonia, and a level U recommendation was given for the
other three formulations due to insufficient data [7ee].
More studies are needed to determine the appropriate
dosing recommendations for the various types of BoNT
and to establish the effectiveness of BoNT in the treat-
ment of abductor spasmodic dysphonia [7e°].
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Oromandibular Dystonia

Oromandibular dystonia (OMD) is characterized by involun-
tary repetitive spasms mainly involving masticatory muscles
but often includes lingual and pharyngeal muscles [34].
Clinically, OMD can be classified as having jaw-closing,
jaw-opening, jaw-deviation dystonia, or a combination of
these irregular movements. OMD can be idiopathic, tardive,
or secondary to other movement disorders [34, 35]. Bruxism
is a form of OMD presenting clinically as jaw clenching and
tooth grinding and can result in tooth destruction, jaw pain,
and headaches. Bruxism can be seen in patients with parkin-
sonism and can significantly affect quality of life due to its
effect on speech and swallowing and cosmetically can be
socially embarrassing [34].

BoNT has been used to treat OMD and has been most
effective in treating jaw-deviation and jaw-closing dystonia as
well as bruxism. Injections are typically given into bilateral
masseters and temporalis muscles for these types of OMD.
Jaw-opening dystonia is more difficult to treat and usually
includes injections in the external pterygoid as well
[18]. Based on the evidence of one class II study with
Onabotulinumtoxin A [36] and one class II study with
Abobotulinumtoxin A [37], these toxins are considered possibly
effective (level C recommendation) whereas there was insuffi-
cient data to determine the efficacy of Inconobotulintoxin A and
Rimabotulinumtoxin B (level U recommendation) for the
treatment of OMD [7¢¢]. However, more studies are needed
to evaluate the treatment response between the different for-
mulations of BoNT and the various subtypes of OMD.

Camptocormia

Camptorcormia is characterized by abnormal posture of the trunk
manifested by anteflexion of the thoracolumbar spine that can be
seen on sitting or more noticeably with walking that resolves in
the recumbent position [5, 38]. Camptocormia is seen in a wide
range of disorders including neurodegenerative disorders,
dystonias, peripheral nervous system, and musculoskeletal dis-
orders. The exact pathophysiology of camptocormia is still not
fully understood. The prevalence in PD has been reported be-
tween 4.1 and 17.6 % [38]. Camptorcormia is a disabling con-
dition that can severely impair mobility with complete loss of
ambulation, causing patients to be wheel-chair bound.

The treatment of camptocormia has been difficult as levo-
dopa and anti-spasmodic agents have been of limited benefit.
BoNT has been used in the treatment of this condition. In one
study of patients with camptocormia, 9 of 11 patients with
PD and camptocormia received BoNT injections with
Onabotulinumtoxin A into the rectus abdominus muscles with
notable improvement in 4 of the 9 patients [39]. There is
currently insufficient evidence to support or disprove the use
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of BoNT for camptocormia. More quality studies are needed
to establish the efficacy and safety of BoNT therapy for this
condition.

Hand and Jaw Tremor

Tremor is the most common presenting feature in PD and can
be the most difficult symptom to treat. PD patients can present
with a resting tremor as well as a postural and kinetic tremor
which is often more troublesome as this re-emergent tremor
can interfere with various tasks including holding a cup or a
newspaper as well as other activities of daily life. In addition
to the hand tremor, PD patients can often have tremor affect-
ing the chin, lips, jaw, and tongue [5]. Although treatment
with levodopa and dopamine agonists can significantly im-
prove the cardinal features of PD, tremor can be more difficult
to respond to conventional therapy. Anticholinergic medica-
tions can also be used to treat tremor in PD; however, these
medications have severe side effects including urinary reten-
tion, xerostomia, and cognitive dysfunction [40].

Given PD tremor can be focal and asymmetric in presen-
tation, BoONT may be beneficial for the treatment of PD-
related tremor. There have been limited studies investigating
the efficacy of BoNT in the treatment of PD-related tremor.
Four studies with relatively small sample sizes have reported
the use of BoNT in PD-related tremor [40—44]. These studies
showed no significant changes in clinical rating scales or other
objective measurements in patients with PD-related tremor.
However, BoNT has been shown to be effective in the treat-
ment of essential hand tremor based on the evidence of two
double-blind placebo-controlled studies [45, 46].

In an open-label pilot study, injection of BoNT into the
bilateral masseter muscles of three PD patients resulted in sig-
nificant improvement in jaw tremor [47]. BoNT is currently not
indicated or widely accepted as a treatment for PD tremor. There
is currently insufficient published data to confirm the effective-
ness of BoNT, and further studies are needed to demonstrate
efficacy of BoNT for the treatment of PD-related tremor.

Sialorrhea

Sialorrhea or drooling is defined as the overflow of saliva
from the mouth due to excessive production of saliva, inability
to retain saliva within the mouth, or impaired swallowing [48].
Sialorrhea is a common symptom of PD affecting nearly 75 %
of patients [5]. Drooling can negatively impact a patient’s
quality of life due to social embarrassment, infection of skin
around the mouth, and increased risk of aspiration-related
lung infections [49]. Sialorrhea in PD is not likely due to
increased saliva production but rather to dysregulation of
salivary function as a result of dysfunction of the salivary
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parasympathetic ganglia in combination with impaired
swallowing and forward head posture [50]. Oral anticholiner-
gic agents are effective for the treatment of sialorrhea but are
frequently associated with side effects and not well tolerated
in patients with PD.

The mechanism of action of BoNT is not limited to the
neuromuscular junction and may extend to the inhibition of
the release of acetylcholine at autonomic nerve terminals,
thereby reducing saliva production and outflow from the sali-
vary glands [51]. Several studies provide evidence for the
safety and efficacy of BoNT type A in the reduction of
sialorrhea in PD [52—54]. In a double-blind, placebo-controlled,
parallel group study, BoNT type B was injected into the parotid
and submandibular glands of patients with PD and effectively
improved sialorrhea [55]. Another study evaluated BoNT type
A versus type B in the treatment of cervical dystonia and found
a significant increase in dry mouth in patients treated for
cervical dystonia with BoNT type B as compared to BoNT
type A [56]. Possible side effects of BoNT include dysphagia
and xerostomia. Ultrasound-guided injections may improve
the efficacy of BoNT treatment of sialorrhea [57]. Based
on the level of evidence, Abobotulinumtoxin A and
Rimabotulinumtoxin B are considered probably effective for
the treatment of sialorrhea (level B recommendation); how-
ever, there is insufficient published data to confirm the effica-
cy of Inconobotulinumtoxin A (level U recommendation) [9].

Hyperhidrosis

Hyperhidrosis (excessive sweating) is common in PD and a
recent analysis reported hyperhidrosis in 64 % of patients with
PD as compared to 12.5 % of controls [58]. Patient’s symp-
toms occurred more often during “off” periods and in “on”
periods with dyskinesias and did not seem to correlate with
severity of disease. Patients also reported significant social
and emotional disturbance due to hyperhidrosis.

Although BoNT has not been specifically studied for the
treatment of sweating disturbances related to PD, there has
been research confirming the efficacy of BoNT for the treat-
ment of essential hyperhidrosis. Essential hyperhidrosis is
described as excessive sweating of the palms, feet, or axillae
[5, 59]. In a review of neurotoxin treatment of secretory
disorders, a level A recommendation was given for the use
of BoNT in the treatment of axillary hyperhidrosis [9]. Future
research is needed to validate the efficacy and safety of BONT
therapy for hyperhidrosis related to PD.

Dysphagia

Oropharyngeal dysphagia is well recognized in patients with
PD. Swallowing difficulties can occur early in the course of
the disease and is often under reported by patients. History and

examination frequently underestimate the severity and preva-
lence of dysphagia in PD as compared to videofluoroscopy
[50]. A number of reports suggest that videofluoroscopy
identified silent aspiration occurring in 15-20 % of asymp-
tomatic PD patients and 36 % of symptomatic PD patients
[60-62]. In a study examining a non-invasive technique to
detect subclinical swallowing difficulties, asymptomatic pa-
tients with PD were found to have a prolonged oral and
pharyngeal phase with multiple swallow attempts [50].
There are multiple theories for the etiology of dysphagia in
PD and include achalasia, impairment of the motor nucleus of
the vagus, presence of Lewy bodies in the myenteric plexus of
the esophagus, and forward neck posture [5].

Achalasia is defined as the loss of peristalsis and an inability
of the lower esophageal sphincter to reach maximal relaxation
[63]. Pneumatic dilation of the distal esophagus is a com-
monly applied non-surgical therapy for achalasia. Heller’s
cardiomyotomy is the standard surgical therapy and involves
an incision on the serosal surface of the esophagus under the
gastroesophageal junction [63]. Since 1995, several studies
have demonstrated the effectiveness of endoscopic injections
of BoNT into the lower esophageal sphincter quadrants for the
treatment of achalasia [64—69]. Side effects reported were
mild and included transitory chest pain, gastroesophageal
reflux, and cutaneous rash [63]. Advantages of BoNT therapy
over pneumatic dilation or cardiomyotomy are fewer compli-
cations of the technique, safer to be used in high-risk patients
with multiple co-morbidities, and the ability to treat patients in
an outpatient setting [63]. However, further studies are needed
to confirm the safety and efficacy of BoNT use for dysphagia.

Constipation

Constipation is defined as less than three bowel movements
per week and an occurrence of one of the following in a
minimum of 25 % of the time: hard bowel movements,
difficulty having a bowel movement, or sense of inadequate
defecation [70]. Constipation is five times more common in
PD than in the normal population and is considered one of the
most bothersome non-motor symptoms of PD [5, 71].
Constipation in PD may be due to slow transit, pelvic floor
dysfunction, or a combination of both. Pelvic floor dysfunc-
tion is characterized by functional obstruction at the pelvic
outlet due to failure of the puborectalis muscle to relax during
defecation or paradoxical contraction [70].

The paradoxical puborectalis contraction may represent a
form of focal dystonia and has been suggested as a possible
mechanism of constipation in PD [72, 5]. The effectiveness of
BoNT for the treatment of constipation in PD has been dem-
onstrated in two open-label studies using transrectal ultra-
sound guidance to inject the puborectalis muscle [73, 74].
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Both studies showed a decrease in anal tone during straining
on assessment with anorectal manometry. Further double-
blind, placebo-controlled, randomized trials are needed to
establish the safety and efficacy of the use of BoNT in the
treatment of constipation in patients with PD.

Overactive Bladder

Bladder dysfunction is one of the most common autonomic
disorders seen in PD with a reported prevalence of 38 to 71 %
[75]. However, it is difficult to distinguish the effects of PD on
bladder dysfunction versus the results of prostatic hyperplasia
and stress urinary incontinence, also seen in men and women
over age 65. Overactive bladder is the most common form of
bladder dysfunction in PD and leads to nocturia, which has
been reported in over 60 % of PD patients [76]. The preva-
lence of urinary frequency is 33-54 %, and urinary inconti-
nence is 26 % in men and 28 % in women [76].

Detrusor overactivity is considered to be the main contrib-
uting factor causing overactive bladder in PD patients [75].
There are several reports supporting the use of BoNT injec-
tions for the treatment of overactive bladder associated with
neurogenic detrusor overactivity [77—79]. BoNT therapy has
been shown to increase bladder capacity and improve urgency
and incontinence. BONT therapy for the treatment of neuro-
genic detrusor overactivity was given a level A recommenda-
tion by the Therapeutics and Technology Assessment
Subcommittee of the AAN, based on the review of two class
I studies [10].

Side Effects of Treatment

In a summary of published studies of efficacy, safety, and side
effect profile of long-term BoNT therapy, the most common
side effects reported for BoNT treatment for cervical dystonia
include dysphagia, neck muscle weakness, hoarseness, and
dry mouth [80]. Frequently reported adverse events for bleph-
arospasm include ptosis, facial asymmetry, dry eyes, and
injection site bruising [80]. These adverse events associated
with long-term exposure to BoNT therapy were minor and
self-limiting. In addition to weakness of injected muscles,
local pain, and bruising, systemic side effects have been
reported including flu-like symptoms. Flu-like symptoms
have been reported in 1.7-20 % of patients treated with
BoNT type A and in 5-55 % of patients treated with BoNT
type B [81]. It is possible that the increased frequency of flu-
like symptoms seen in BoNT type B could be due to the
higher antigenicity seen with BoNT type B compared to type
A, although this theory has not been proven. The mechanism
of flu-like symptoms following BoNT is not clearly identified
but may be due to the introduction of a foreign protein with
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BoNT injections inciting an inflammatory response [82].
Although previously thought that immunogenicity was a ma-
jor factor of non-responsiveness to BoNT treatment, more
often a lack of response may be due to other factors including
inadequate dosing or incorrect muscle selection [80]. Long-
term treatment with BoNT can provide safe and effective
symptomatic treatment and may also provide long-term ben-
efits that modify the natural course of the disease [80, 83].

Treatment Alternatives

BoNT is considered a first-line therapy for the treatment of
cervical dystonia, blepharospasm, and focal dystonia due to its
effectiveness and decreased potential for systemic side effects
[8]. Oral medications are recommended for segmental and
generalized dystonia and can also be used as adjunctive ther-
apy to BoNT for more symptomatic relief [15]. Oral medica-
tions that can be used to treat dystonia include
trihexyphenidyl, baclofen, benzodiazepines, carbidopa-levo-
dopa, muscle relaxants, sodium oxybate, tetrabenazine, cloza-
pine, carbamazepine, oxcarbazepine, zolpidem, and
pregabalin [15]. Surgical treatments for dystonia refractory
to medications and BoNT therapies include deep brain stim-
ulation, selective peripheral denervation, intrathecal baclofen
infusions, and orofacial plastic surgeries. Other non-
pharmacologic treatments include physical therapy, devices,
or braces that utilize sensory tricks such as dental braces or
eyelid crutches attached to glasses, transcranial magnetic stim-
ulation, and transcranial alternating current stimulation [15].
Further studies are needed to confirm the efficacy and tolera-
bility of these non-invasive treatments.

Conclusion

PD is a progressive neurodegenerative disorder characterized
by a multitude of motor and non-motor symptoms that can
have a significant impact on quality of life. Since the discov-
ery of botulinum neurotoxin and its inhibitory action on
neuromuscular transmission, the application of the use of
BoNT has grown to encompass a wide variety of diseases.
Various bothersome symptoms of PD including dystonia,
involuntary spasms, and autonomic and urinary dysfunction
have been shown to be amenable to BoNT therapy. BoNT is
the treatment of choice for cervical dystonia, focal hand dys-
tonia, blepharospasm, axillary hyperhidrosis, and detrusor
overactivity. Further studies are needed to establish the effi-
cacy of BoNT treatment for foot dystonia, abductor spasmodic
dysphonia, camptocormia, PD-related tremor, dysphagia, and
constipation. There is also a need for a more standardized
dosing recommendation for the treatment of the various dis-
orders with regard to dilution optimization for the various
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formulations of BoNT, which may be beneficial in improving
response rates to treatment and limiting side effects. BoNT
therapy has the potential to radically alter the lives of individ-
uals with PD through symptomatic improvement, and all
avenues of research should be approached to further advance
our understanding of its current and future applicable use.
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