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Preface

Botulinum toxin therapy is now a major mode of treatment for a variety of medical
ailments. The notion that a potent toxin can be used in a safe way to treat so many
medical disorders was unimaginable up to 50 years ago. It was through tireless
efforts of basic scientists and clinical researchers that the use of this unusual, but
effective mode of therapy achieved acceptance in the medical community. Botulinum
toxin therapy is now used worldwide in the management of millions of patients.
This book describes different approved indications or potential indications of botu-
linum toxin therapy in a language that would be comprehensible by non-medical
individuals. Wherever possible, medical terms are explained in a language under-
standable to the public.

Since the first edition of this book 5 years ago, a large literature has developed
describing the long-term efficacy and safety of toxin therapy in the approved indica-
tions such as migraine, bladder disorders and spasticity as well as emergence of
more data on potential important indications for this mode of treatment such as
efficacy in depression and in certain heart ailments (atrial fibrillation). FDA has
approved several toxins (Botox, Dysport and Xeomin) for treatment of spasticity in
children with cerebral palsy and other spasticity producing conditions. FDA also
approved two new toxins for use in the United States: Jeuveau and Daxxify; Jeuveau
has been approved only for cosmetic use, whereas Daxxify was approved for cos-
metic use as well as treatment of cervical dystonia—a common movement disorder
affecting the neck, often associated with disabling neck pain.

The current edition of the book includes two new chapters, one on the use of
botulinum toxin therapy in dentistry and the other on the growing use of toxin ther-
apy in veterinary medicine for canine and equine pains. All chapters of the book are
written by Bahman Jabbari M.D. with the exception of Chap. 13 on the cosmetic
and aesthetic indications that is provided by Drs Marie Noland and Marissa Dennis.
In this edition, the information on safety of botulinum toxin therapy has been con-
siderably expanded with inclusion of new data in Chap. 17. Chapter 19 of this book
also provides substantially more information regarding potential indications of bot-
ulinum toxin therapy compared to that presented in the first edition of this book.
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Chapter 1
A Toxin that Remedies a Large Number
of Medical Problems: How It Happened?

Abstract This chapter provides information on the history of botulinum toxin
development into a powerful therapeutic agent. It explains how through tireless
efforts of remarkable basic scientists and clinicians one of deadliest toxins in the
nature developed into a widely used treatment with high safety profile. Some of the
characteristics of different brands of botulinum toxin in the US market are also
briefly discussed in this chapter.

Keywords History of Botulinum toxin - Justinus Kerner - FDA approved
indications of Botulinum toxins - Botulinum toxin - Botulinum neurotoxin

A group of bacterial toxins called botulinum toxins or botulinum neurotoxins
(BoNT) have now become a remedy for a large number of hard to treat medical
conditions. They have proven to be the most multipurpose therapeutic agents in
modern medicine and possess more clinical applications than any other drug cur-
rently in the market [1]. Among these toxins, one type (type A) was first intro-
duced to the medical arena in 1989 under the trade name of oculinum (name
changed to Botox 2 years later). It was the only approved toxin in the US for
several years. There are now several other type A botulinum toxins and a type B
toxin as well, each with their advantages and disadvantages. Four decades of
experience with botulinum toxin therapy indicates that these agents can be drugs
of first choice for the symptoms of several medical conditions, and when used by
trained clinicians, are generally safe. Serious side effects are rare, and in most
cases gradually subside if the affected patients are diagnosed early and medically
supported.

Botulinum neurotoxin, often abbreviated in the medical literature as BoNT, is
produced by a bacterium with the medical name of clostridium botulinum (CB).
The bacteria, CB, is present in nature and improper exposure to it can cause a dis-
ease called botulism. The term botulinum comes from the Latin word of “botulus”
meaning sausage since the earlier (eighteenth and early nineteenth century)
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outbreaks of botulism in Europe were often linked to consumption of spoiled sau-
sage or ham. The agent can get into the body and cause disease via a variety of
routes: food consumption, inhalation, wound contamination and injection. In west-
ern countries, botulism is rare due to proper food preparation, wound hygiene, and
protective laboratory regulations (to prevent inhalation toxicity). Botulism through
therapeutic injections is also rare as the applied units of the toxin for most indica-
tions are below 500 units which is far from the lethal dose of 3000 units or more
reported in monkeys [2]. Moreover, with modern and advanced life support facili-
ties, even sick patients with respiratory failure, if diagnosed early, often eventually
recover as the paralyzing effect of the toxin will not last more than 3—4 months.

The development of a therapeutic utility of botulinum neurotoxin (BoNT) took
over a 100 years of clinical observation and laboratory experimentation. For years,
physicians in Europe, especially in southern Germany, were familiar with the symp-
toms of a disease which was caused by consuming rotten sausage “sausage poison-
ing.” After a well- documented outbreak of sausage poisoning in 1793 that affected
13 individuals (6 of whom did not survive), the city of Stuttgart became the major
center for investigation of this type of poisoning [3]. At the beginning of the nine-
teenth century, a leading point of debate was whether the “sausage poisoning” was
due to a chemical agent in the sausage or due to a biologic, yet unknown, factor.
Several chemical agents were suspected including hydrocyanic acid.

The next major development was the prediction that the agent responsible for
“sausage poisoning” could be used for treatment of symptoms of certain medical
ailments. The individual who first promoted the idea was a young German physi-
cian, 29 years of age at the time, who studied in detail the latest outbreaks of the
illness in southern Germany. Justinus Kerner (Fig. 1.1) published two monographs
in 1820 and 1822 detailing the clinical aspects of botulism based on case histories
of 76 and 155 patients [4]. Kerner’s descriptions included almost all manifestations
of botulism, as known to us today, including paralysis of the muscles, loss of pupil-
lary reaction to light and diminished sweat and saliva production. After studying all
ingredients of the poisoned food, he concluded that something in the fatty portion
of the sausage itself and not any other ingredients in the sausage preparation (blood,
liver, etc.) was responsible for the sickness. Kerner believed that this “fatty poison”
had a biological rather than a chemical origin. He wrote that the toxic agent had to
travel through the nervous system to cause paralysis and the other symptoms of the
disease. The toxin damaged the nerves and made them like “rusted electrical wires”.

Kerner predicted that the “sausage poison” could be used in the future to remedy
certain symptoms of some medical disorders, particularly those symptoms arising
from hyperexcitability of the nervous system that cause abnormal involuntary
movements. He mentioned treatment of the involuntary movement of “chorea” as an
example. Chorea is a movement disorder characterized by involuntary twitches
which can affect the face or the limbs. Chorea may be hereditary (i.e. Huntington’s
chorea, often associated with dementia) or it may develop secondary to non-
hereditary diseases or drugs. Currently, almost 200 years after Kerner’s prediction,
medicinal botulinum toxin injections have become the therapy of first choice for
several abnormal movement and motor disorders especially dystonias and
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Fig. 1.1 Portrait of
Justinus Kerner from
Wikimedia (public
domain)

spasticity. Interestingly, however, it is least used in management of chorea—the
movement disorder that he used as an example.

In 1895, Emile Van Ermengem, a professor of bacteriology at the University of
Ghent, Belgium discovered the organism responsible for botulism (Fig. 1.2).

In 1919, Stanford university researcher A. Bruke discovered two different sero-
logical strains of BoNT, A and B. In 1924 Ida Bengston a Swedish -American bac-
teriologist suggested to change the name of bacteria from bacillus botulinum to
clostridium botulinum. The word colstrididium is derived from Greek word of
kloster meaning spindle.

Further refinement of the botulinum toxin which ultimately facilitated its clinical
use, came about during World War II when there was an interest in producing large
amounts of the toxin and to find preventive and therapeutic measures in case of
exposure and intoxication. Close to the end of World War II, at Fort Detrick
Maryland, a US Army research facility, Carl Lamanna and James Duff invented a
technique for crystallization and concentration of botulinum toxin [2]. Edward
Schantz (Fig. 1.4), purified and produced the first batch of the toxin in 1946. Shantz
then moved to the University of Wisconsin where with Eric Johnson further refined
botulinum toxin for clinical research.

In 1949, a British investigator, A. Burgen, and his colleagues discovered that
botulinum toxin blocks the nerve transmitter substance “acetylcholine” at nerve-
muscle junction leading to the toxin’s paralytic effect. In 1964, Daniel Drachman at
Johns Hopkins University demonstrated that injection of the type A botulinum



4 1 A Toxin that Remedies a Large Number of Medical Problems: How It Happened?

Fig. 1.2 Emile Van
Ermengem who discovered
the culprit bacteria
responsible for botulism.
He studied the rotten ham
consumed by a group of 34
musicians who all felt sick
after an outgoing. He
showed that the spoiled
ham and the tissue
obtained from 3 patients
who did not survive,
contained a large number
of rod—shaped, gram
positive bacteria which he
named bacillus botulinum
(Fig. 1.3)

neurotoxin (BoNT) into the muscles of chick embryos can produce a dose depen-
dent muscle wasting (atrophy) and muscle weakening [5].

The next major step started with the work of Alan Scott and his colleagues in San
Francisco, CA. Since early 1960s, Alan Scott, an ophthalmologist, and his colleague
Carter Collins were interested in the physiology of eye muscles and correction of
strabismus (crossed eyes) in children by a method other than resection of hyperac-
tive muscles around the eye. At the time, their research focused on injection of
anaesthetic agents into eye muscles of monkeys under electromyographic guidance.
Electromyography records the electrical activity of muscles using a special instru-
ment. Coming across Drachman’s work, Dr. Scott started to explore the effects of
botulinum toxin injections into the eye muscles of the monkeys. Edward Schantz
who was then at University of Wisconsin, provided the purified and injectable toxin
for Dr. Scott’s experiments. In Scott’s laboratory, the toxin was freeze-dried, buff-
ered with albumin and prepared for injection in small aliquots.

In 1973, Dr. Scott published his seminal work on injection of botulinum toxin
type A into the external eye muscles of monkeys. The work clearly showed that the
toxin injection can selectively weaken a targeted eye muscle and offer an alternative
to surgery for strabismus (crossed eyes). His subsequent work on 67 patients with
strabismus (under an FDA approved protocol), published in 1980, demonstrated
that indeed botulinum toxin injection was effective in correcting human strabismus
by decreasing the overactivity of culprit eye muscle(s) and correctly aligning the
two eyes [6]. Dr. Scott also showed, in a number of open label, unblinded small
studies, that injection of botulinum toxin into face muscles of humans can slow
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Fig. 1.3 Bacteria
responsible for botulism.
(Courtesy of Wikipedia)

Fig. 1.4 Edward Shantz
and Eric Johnson in the
laboratory at the University
of Wisconsin. (From
Dressler &
Roggenkeaemper.
Reproduced with
permission from Springer)

down and even stop involuntary facial movements in conditions like blepharospasm
(spasm of the eye lids) and hemifacial spasm (HFS) (involuntary contractions
affecting half of the face). These observations ignited substantial interest among
Movement Disorder specialists and consequently led to documentation of the effi-
cacy of BoNT therapy for a large number of involuntary movements. Finally, Scott
observed that injection of 300 units of Botox for treatment of spasticity (tense mus-
cles with increased tone) in one setting did not cause any side effects. This observa-
tion indicated a margin of safety per single injection of botulinum toxin type-A
(Botox) in human which was unknown prior to his report [7] (Fig. 1.5).

Dr. Scott’s efforts along with the work of Stanley Fahn and Mitchell Brin at
Columbia University of New York, Joseph Janckovic at Baylor Medical College
and Joseph Tsui at the University of British Columbia led to the approval of botuli-
num toxin A (then called oculinum, marketed by Allergan- the name was changed
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Fig. 1.5 Alan Scott who
pioneered the use of
botulinum neurotoxin
(BoNT) therapy in
humans. (From FJ Erbguth
in the J Neural Trans.
Reproduced by permission
from Publisher-Springer)

to Botox 2 years later) for treatment of strabismus, blepharospasm and hemifacial
(HFS) in 1989. The path was now open for investigation of the effects of BoNTs in
many other movement and motor disorders.

What happened over the next 42 years is one of the most amazing stories in the
field of medical treatment. A potent bacterial toxin which was the cause of much
fear and apprehension developed into a therapeutic agent with documented or
highly suggestive efficacy in alleviating more than 50 different medical symp-
toms. It was found to be generally safe if used with proper techniques of injection
and under appropriate dosing guidelines. Much was learned during these years
about the molecular structure of botulinum toxins [8], and their mechanism of
action(s) on the nerve-muscle junction (Chap. 2), glandular tissue [9], and even
pain pathways [10].

A few years after introduction of Botox, two more BoNT type-As were devel-
oped and subsequently marketed in the US under the trade names of Xeomin and
Dysport. In Europe, Dirk Dressler, Reiner Benecki, Keith Foster and Andy Picket
were leading investigators in defining the characteristics of these two newer forms
of BoNTs and their potential for treating medical ailments [11]. A type B toxin was
also marketed in the US under the trade name of Myobloc (Neurobloc in Europe).
These BoNTs are now all FDA approved for different clinical indications. More
recently, more type A toxins have been developed; one of them, Jeuveu received
FDA approval in 2019 for aesthetic use and treatment of frown lines. Another type
A toxin, Daxxify was approved in 2022 for aesthetic use and then in 2023 for
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treatment of cervical dystonia. Over time, much was learned about the advantages
and disadvantages of these newer toxins (detailed descriptions are provided in Chap.
3 of this book).

Encouraged by earlier promising results of Botox injection, investigators with
innovative minds conducted careful, high quality, double blinded clinical trials. The
results of these multicenter studies, conducted on a sizeable number of patients led
to FDA approval of Botox for management of a variety of medical conditions. In
2002, FDA approved injections of Botox into the face for correction of wrinkles
(Chap. 13) and, in 2004, FDA approved Botox for treatment and reduction of exces-
sive sweating (hyperhidrosis) in the arm pit (axilla) (Chap. 14). In 2009, FDA
approved Botox injections for treatment of a disabling movement disorder charac-
terized by abnormal neck postures, neck pain and neck shakes (cervical dystonia-
Chap. 8).In2011 and 2013, Botox was approved for two types of bladder dysfunction
causing urinary urgency and incontinence (neurogenic and hyperactive bladder
(Chap. 10). As clinical research continued, the positive results of two large, multi-
center studies (PREEMPT 1 and 2), showed the efficacy of Botox injections into the
skin and muscles around the head in subjects with chronic migraine leading to FDA
approval of this treatment in 2010 (Chap. 4). During the past 15 years, FDA approved
Botox, Xeomin and Dysport for treatment of spasticity. Spasticity (stiff and tense
muscles) is a major handicap for patient after stroke, head and spinal cord trauma
and multiple sclerosis as well as children affected by cerebral palsy. Injection of
botulinum toxin into the affected muscles reduces muscle tone, improves the limb
function, and helps ambulation and physiotherapy (Chaps. 6 and 7).

In addition to these FDA approved medical indications, there are more than 20
other medical conditions that, according to the results of small blinded and quality
studies, respond to botulinum toxin injections. There are strong suggestions that,
BoNT injections into the skin can relieve several types of distressing pains such as
pain associated with shingles, painful neuropathy due to diabetes or painful neu-
ropathy secondary to trauma to the limb(s) [12] (Chap. 5). There is also compelling
evidence that injection of BoNT into arm and forearm muscles can significantly
reduce the hand tremor both in Parkinson disease and in essential tremor (Chap. 8)
[13, 14]. This wide range of BoNT applications for treatment of different medical
symptoms reflects multiple and diverse mechanisms of the toxin’s action which is
covered in more detail in the second chapter of this book. It is expected that contin-
ued medical research and clinical observations will further expand the indications of
botulinum toxin therapy in clinical medicine.

Amid emerging clinical indications for botulinum toxin therapy, basic scientists
started to explore specifics of botulinum toxin molecule and its mechanism of action
in different medical disorders. In US, at Yale university (New Haven, CT), Professor
James Rothman (Fig. 1.6), chairman of the Department of Cell Biology, defined
special proteins (called SNARE) that work at synapses (where two nerve cells or a
nerve cell and muscle cell connect with each other) and promote the release of a
specific chemical at the synapse that conveys the nerve signal from one cell to
another. His lab purified SNARE proteins, one of which is blocked by the function
of Botox.
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Fig. 1.6 Professor James ' ™
Rothman, chair of Cell

Biology at Yale who won
the Nobel Prize in
physiology and medicine
for his seminal works on
the physiology of synapses

Professor De Camilli and his colleagues, also at Yale, identified the protein that
is blocked at neuro-muscular junction after Botox injection as SNAP-25 (Chap. 2)
[15]. Italian basic scientists Monteccuco, Rossetto, Pirazzini described detailed
molecular structure and pharmacology of botulinum toxins as well as the similarity
and dissimilarity of this toxin to the tetanus toxin [8, 16]. In Zagreb, Croatia,
Zdravko Lackovic, chairman of the Department of Pharmacology and his col-
leagues, Ivica Matak and Lidjia-Back-Rojecky have shown in a series of elegant
experiments compelling evidence for the central action of the botulinum toxins and
offered explanations on how the toxin influences pain pathways [17, 18].

Further evidence for the central function of botulinum toxins was provided by
Matteo Caleo and his Italian colleagues after finding parts of the toxin in the central
nervous system (brain) following injection into the muscle [19]. Gianpietro Schiavo
in London, in collaboration with Italian scientists, discovered the enzyme through
which botulinum toxins deactivate synapse proteins [20]. Professor Oliver Dolley
and his colleagues in Dublin, Ireland have illustrated the mechanisms through which
the injected toxin (into muscle) gets through different nerve cells and more recently
how the novel recombinant toxin targets sensory cells and alters these cells’ func-
tions, an important finding pertaining to the analgesic effects of the toxin [21].
These remarkable achievements in the field of basic science, constantly encourages
the clinicians to find new medical indications for botulinum toxins. Table 1.1 dem-
onstrates important time-lines in the history of botulinum toxins from discovery to
clinical application.


https://doi.org/10.1007/978-3-031-54471-2_2
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Table 1.1 Important time-lines of botulinum toxin development for clinical use

Investigator(s)/ FDA
Year(s) approvals Comment
1820-1822 | Justinus Kerner Described details of botulism; predicted that the
toxin could be used in the future as a medical
remedy
1895 Emile Van Ermengem Discovered the bacteria causing botulism
1944-1946 | Lamanna and Duffy Concentrated and crystalized the toxin
1946 Edward Schantz Purified and produced the toxin in a form suitable
for medical research
1949 A. Burgen Acetylcholine identified as the chemical blocked by
BoNT at nerve muscle junction
1953 Daniel Drachman Intramuscular injection of Schantz’s toxin can be
quantified and resulted in dose dependent muscle
weakness in chicks
1973 Alan Scott Injection of type A toxin improved strabismus
(crossed eyes) in monkeys
1980 Alan Scott Controlled human study showed efficacy in
strabismus. Observations made on potential use for
blepharospasm, hemifacial spasm, spasticity
1985-1988 | Fahn, Jankovic, Brin, Tsui | Controlled and blinded studies showed efficacy in
blepharospasm and cervical dystonia
1989 FDA approval of Type A | Toxin approved for use in blepharospasm, hemifacial
toxin (oculinum- name spasm and strabismus
later changed to Botox)
1989-present | Other approved indications | Toxin approved for facial wrinkles, frown lines,
by FDA cervical dystonia, chronic migraine, bladder
dysfunction, upper and lower limb spasticity,
excessive sweating of the arm pit and excessive
drooling
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Chapter 2
Structure and Mechanism of Function

of Botulinum Neurotoxins: How Does
the Toxin Work

Abstract This chapter discusses the molecular structure of botulinum toxin and
how the toxin gets into the nerve cells after being injected into the muscle or skin. It
describes the sequence of events that occurs inside the muscle or nerve cell that lead
to the beneficial effects of the toxin upon the nerve and muscle cells as well as sweat
and saliva glands in the body.

Keywords Botulinum toxin - Botulinum neurotoxin - Botulinum toxin molecule -
Botulinum toxin mode of action

Introduction

Botulinum toxin or botulinum neurotoxin (BoNT) is a protein produced by certain
bacteria named clostridium botulinum (CB). The term clostridium refers to the
shape of the bacteria which is spindle/rod shaped, and the term botulinum is derived
from the Greek word of “botulus” meaning sausage. The name stems from earlier
outbreaks of botulism in Europe (Germany in particular) that were caused by con-
sumption of rotten sausage. The history of early botulism outbreaks, discovery of
the responsible agent for botulism, purification and production of the botulinum
toxin for medical research as well as early clinical trials with this toxin which led to
the discovery of BoNT’s effectiveness in treatment of medical disorders are pre-
sented in detail in Chap. 1. This chapter explains how this toxin works and how it
can be used in different medical conditions.

The results of animal research and early human observations published in 1960s
and 1970’s, indicating a therapeutic potential for BoNT, encouraged basic scientists
to explore the molecular structure of the toxin and its mode of action. Over the past
55 years, the efforts of basic scientists deciphered the exact molecular structure of
BoNT and provided a substantial amount of knowledge about how the toxin mole-
cule reaches the nerves and exerts its therapeutic action after peripheral injection
(into muscle or skin).
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Botulinum toxin is structurally a protein with perfect machinery to exert its func-
tion through a set of well-defined mechanisms inside the nerve cell. There are 8
distinct types of botulinum toxins (A, B, C, D, E, F, G, X) that are structurally simi-
lar with only minor differences. Types A, B, E and F can cause botulism in human,
whereas, types C and D cause botulism in domestic animals [1]. The type X toxin
has been discovered relatively recently. The type X toxin has low potency and there-
fore does not seem to be useful for clinical use [2]. Recently, several subtypes of
BoNT-A and BoNT-B have been discovered (Al..., Bl...) [3-5]. Continued
research efforts are underway to define the role of these subtypes. Currently, only
types A and B (A1 and B1) are considered suitable for clinical use.

Botulinum toxin molecule (type A) is an approximately 900 KiloDalton (KD)
complex which consists of a core toxin (150 KD) and a complex of surrounding
proteins (>700 KD). Dalton, the unified atomic mass unit, is a standard unit that
quantifies mass on an atomic or molecular scale. The surrounding proteins of the
core toxin protect the toxin from being degraded in a hostile environment such as
stomach acid after its ingestion. That is why high doses of the toxin presented in
infected food resist stomach acid and, after absorption in the gut, cause botulism.
However, when the BoNT is injected into a muscle, the tissue enzymes (protease)
quickly separate the toxin from the surrounding proteins by a process termed “nick-
ing.” The core toxin molecule then reaches its target at nerve endings probably via
the blood or lymphatic system [6].

The point where a nerve connects to a muscle is called neuromuscular junction.
The point where two nerve cells connect or a nerve cell connects with a muscle cell
is called synapse. At both neuromuscular junction (nerve muscle synapse) and at
nerve cell to nerve cell synapse, the transfer of nerve impulse to the muscle or to
another nerve cell requires presence of a special chemical called neurotransmitter.
There are many neurotransmitters in the brain, but the neurotransmitter at neuro-
muscular junction is called acetylcholine. At neuromuscular junction, there is a
membrane on the nerve side (nerve that reaches the muscle) and a membrane on the
muscle side with a cleft in between (synaptic cleft). The nerve ending close to the
muscle (neuromuscular junction) contain many small vesicles (small pouches) that
contain the neurotransmitter acetylcholine (Fig. 2.1). When the nerve’s electrical
signal reaches the nerve ending, these vesicles rupture and pour their neurotransmit-
ter contents into the cleft between the nerve and muscle membranes. The neu-
rotransmitter (in this case acetylcholine) then attaches itself to the muscle membrane
and activates the muscle. The injected botulinum neurotoxin (BoNT), by preventing
acetylcholine release, can relax, weaken or even paralyze the muscle (depending on
the dose). This is the mechanism by which the injected BoNT into the muscle
improves stiffness of the muscles after a stroke, brain trauma or in children with
cerebral palsy. The mechanism through which BoNT exerts its effect on nerve-
muscle junction is complex and requires some knowledge of the core toxin’s molec-
ular structure [7-11].

Each molecule of the toxin consists of two structures, called light chain (desig-
nated as L) and heavy chain (designated as H). The molecular weight of light and
heavy chains is 50 and 100 KD, respectively. KD stands for kilodalton. Dalton is the
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Fig. 2.1 Neuromuscular junction (NMJ): Nerve, nerve terminal, muscle fiber, and the cleft
between. Nerve terminal shows vesicles that contain acetylcholine (ACH). Nerve signals reaching
the nerve terminal at NMJ cause the rupture of the vesicles and release of acetylcholine into the
synaptic cleft. ACH molecules attach to the muscle receptors on the surface of the muscle and
activate the muscle. (From Wikipedia reproduced under Creative Commons Attribution-Share
Alike 4.0 International license)

unit of atomic weight. The light (L) and heavy (H) chains are connected by a disul-
fide bond (ss) (Fig. 2.2).

The light chain is the catalytic domain of the toxin and its active moiety after
entering the nerve cell. The heavy chain has two parts called HC and HN domains
(Fig. 2.2). The HC domain (binding domain) attaches the toxin to the membrane
receptors of the nerve cell. There are specific receptors on the nerve cell membrane
that the HC domain of the toxin can attach itself to. The receptor for type A toxin is
a protein called SV2. For type B toxin, two receptors have been identified. One is a
complex sugar called ganglioside and the other is a protein called synaptogamin.
After the toxin attaches to the receptor, the receptor undergoes structural modifica-
tion and ends up working like a channel letting the toxin to go through. After enter-
ing the nerve terminal, the disulfide bond of BoNT breaks inside the nerve cell (via
action of heavy chain -translocation) and the two chains (light and heavy) of the
toxin separate from each other (Fig. 2.3).

The light chain (active moiety of the toxin that has the enzyme protease) is now
free to exert its effect and prevent the release of acetylcholine from the synaptic
vesicles [12—17]. It does this by attaching itself to specific synapse proteins whose
function is to promote the fusion of the vesicle onto the nerve cell membrane.
Fusion of the vesicle to cell membrane leads to vesicle rupture and release of ace-
tylcholine into the synaptic cleft. The synapse proteins that promote vesicular fusion
and vesicle rupture are called SNARE Proteins.
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Fig. 2.2 Molecular structure of botulinum toxin. (From Rossetto O and co-workers 2014 repro-
duced with permission from publisher Nature Portfolio (Springer Nature))

Fig. 2.3 Mechanisms of action of BoNTs. (From Rossetto et al. [10]. Reproduced with permission
of publisher (Springer))
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Over the past 40-50 years, a group of cell biologists succeeded to determine the
mechanisms of vesicle fusion and synaptic machinery including the function of
SNARESs [17-20]. Most notable among these scientists are J. Rothman, R. Schekman
and TC. Siidhof who won the Nobel prize in Medicine & Physiology in 2013 for
their work in this area, when inside the nerve terminal and detached from the heavy
chain, the light chain of the BoNT attaches itself to a specific SNARE that relates to
a specific type of BoNT (for instance type A or B). After attachment to the SNARE
protein the light chain of the toxin deactivate the SNARE protein via light chain’s
enzymatic function (a zinc activated protease). The result is inhibition of release of
the neurotransmitter from the vesicle and, in case of nerve-muscle synapse, relax-
ation, weakness or even paralysis of the muscle depending on the dose of the
injected toxin. The SNARE for type A toxins (Botox, Xeomin, Dysport) was first
discovered by a group of Yale investigators and named SNAP 25 [21]. It is attached
to the membrane of the nerve terminal. For the Type B toxin, the SNARE is attached
to the vesicle wall itself and is designated as VAMP/Synaptobrevin (Fig. 2.3). The
sequences of botulinum toxin’s travel and activation after peripheral injection is
presented in Table 2.1.

The binding of the BoNTs (A and B) to the nerve terminal is a long-term binding,
that in case of nerve-muscle junction lasts for 3—4 months [22]. This long period of
binding is medically desirable. For instance in spastic and tense muscles of patients
with stroke or children with cerebral palsy, one injection could maintain the muscle
relaxation for the entire period of binding (usually 3—4 months). Over time, the
nerve ending starts to sprout and the new endings make contact with different mus-
cle fibers. Finally, when the binding is over, the synapse resumes its full function.
This is different from what happens to synapses in certain disease conditions (for
instance ALS) where neurodegeneration leads to permanent loss of synapse
function.

Table 2.1 Sequence of Botulinum toxin’s action after injection into the muscle

1. | After injection into the muscle, protease, an enzyme inside the muscle separates the core
toxin from protective proteins around it

2. | The released toxin molecule reaches nerve muscle junction probably via blood or lymphatic
system

3. | The heavy chain of the toxin attaches the toxin molecule to certain receptors on the surface
of nerve ending (SV2 for Botox)

4. | Receptors open as a channel and let the toxin molecule enter into the nerve terminal

5. | The disulfide bond of the toxin breaks inside of the nerve terminal via function of the heavy
chain

6. | Freed light chain of the toxin (active or catalytic moiety) reaches the SNARE proteins and
deactivates them via its enzymatic protease function

7. | Deactivation of SNARE protein prevents rupture of synaptic vesicles and release of
acetylcholine

8. | Muscle deprived from acetylcholine activation relaxes and slightly weakens, an effect that
improves muscle spasms, abnormally high muscle tone (spasticity) and involuntary
movements
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There is now substantial evidence that BoNT injected into the muscle after reach-
ing the nerve terminal does not stay in the peripheral nerve and part of the molecule
of BoNT travels to the central nervous system. The extent of central travel of the
toxin is still under investigation. Nevertheless, convincing research evidence exists
that a part of toxin molecule reaches the spinal cord and lower part of the brain
(brain stem) after injecting the toxin into the muscle [23-25]. It is believed by many
researchers, that this central travelling of the toxin may also help modulation of the
motor function in a good way. The results would be improvement of motor function
for example in spasticity (increased muscle tone) seen in adults with stroke or chil-
dren with cerebral palsy. Treatment of spasticity with botulinum toxin injection is
now approved by FDA for both adults and children and is one of the largest areas of
BoNT use in clinical medicine [26—40].

Excessive Sweating and Drooling

Acetylcholine is also the neurotransmitter for the sympathetic nerve endings that
supply nerves to sweat and salivary glands. BoNT injections into and under the skin
in the areas where these glands are located such as arm pit, palm of the hands or
bottom of the feet can significantly reduce sweating and help the affected individu-
als. Excessive hand sweating can be embarrassing during hand shaking; in case
excessive sweating of the arm pit it can cause social discomfort. It many cases
excessive sweating is genetic and runs in the family. Excessive drooling is also a
nuisance and can be seen in Parkinson’s disease or in children with cerebral palsy or
individuals (children or adults) with brain damage. The glands that secrete saliva are
located close to the angle of the jaw (parotid and submandibular) and are easily
accessible from the surface by a thin and small needle. The injected BoNT (A or B)
suppresses the excessive salivation within days, an effect that could last for 6 month.
Injections are performed with a thin needle and cause minimal discomfort. A size-
able literature indicates efficacy of BoNT therapy for hyperhidrosis and hypersali-
vation (excessive sweating and excessive salivation) and attests to the safety of this
form of treatment [41-52]. The use of BoNT for excessive sweating and excessive
secretion of saliva is discussed in detail in Chap. 14 of this book.

Pain

Another important set of chemical neurotransmitters that are affected by peripheral
injection (into muscle or skin) of BoNTs is pain neurotransmitters. The pain
neurotransmitter(s) is not acetylcholine (in contrast to the muscle and gland) but
other transmitters that are present in sensory nerves and in spinal cord or brain.
These transmitters convey the unpleasant sensations from periphery to the brain.
When they have sufficient intensity they are perceived as pain. Several pain
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transmitters have been discovered and studies over the past 60-70 years; the most
well known among them are glutamate, substance P and Calcitonin Gene Related
Peptide (CGRP) [53-57]. Over the past 25 years, animal research have shown that
peripheral injection of botulinum neurotoxins A or B can significantly decrease the
activity of glutamate, substance P and CGRP in peripheral nerves and in the central
nervous system (spinal cord and brain) [58-67].

The animal data demonstrating that peripheral injection of BoNTSs can suppress
the function of pain transmitters provided grounds for clinical researches to study
the role of botulinum toxin therapy in human pain. The first breakthrough came
after two large multicenter studies showed efficacy of Botox injections in chronic
migraine (see Chap. 4 for detailed information of these studies, recommended sites
of injection and applied doses) [68]. Subsequent studies have shown that BoONTs are
effective in a number of other pain syndromes as well [69] (Chap. 5).

Over the past 20 years, additional data from animal studies and human observa-
tions suggest a “central” mechanism for the action of botulinum toxin molecules in
pain disorders. The support for a central (spinal cord and possibly brain) mechanism
of action for alleviation of pain after botulinum toxin’s injection comes from several
lines of research some example of which are described below:

1. In laboratory animals, direct application of BoNT to dura matter (the thin sheet
of tissue that covers the brain) alleviated facial pain and reduced the inflamma-
tion of the dura caused by experimentally induced facial pain (ligation of a facial
nerve) [70].

2. Inan animal model of leg pain caused by diabetic neuropathy (nerve damage due
to diabetes), injection of BoNT into one leg, not only reduced the pain in that leg
but also in the other leg implying an analgesic function through a spinal cord
loop (central effect) with participation of spinal cord nerve cells [71].

Much of the seminal works in animal studies of pain are done by Dr. Zdravko
Lakovic chairman of department of and Department of Pharmacology and his col-
leagues in University of Zagreb, Croacia (Fig. 2.4).

Fig. 2.4 Dr. Zdravko
Lacovic whose laboratory
provided significant
information on how
botulinum toxin injection
inhibits pain in peripheral
and central nervous
system(brain and spinal
cord). (Photo kindly given
to the author by professor
Lakovic)
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These central mechanisms, however, do not seem to exert any deleterious effect
on the spinal cord or brain (in doses approved for clinical use) since millions of
patients who receive BoNT injections every year do not complain of any untoward
side effects related to central nervous system (seizures, memory loss, specific cen-
tral motor disorders, etc.).

Recently, scientists have succeeded in making a toxin molecule consisting of
combination of two toxins (chimera—for instance for instance E/A toxins), that can
specifically target the sensory nerve cells and, hence, specifically treat pain [72-74].
Limited number of studies have shown that in animal models, these toxin chimeras
can suppress experimental pain [75]. The effect of these toxin chimeras in human
pain is currently under investigation.

The details of botulinum neurotoxins’ biology, pharmacology, and toxicology
can be found in a recently published comprehensive review [76].

Hyperactive Involuntary Movement Disorders (HIMD)

Botulinum toxins are now widely used for treatment of HIMDs. Most notable exam-
ples include cervical dystonia, hemifacial spasm and blepharospasm, three indica-
tions that have received early FDA approval for use in the US. Over the past 40 years,
experience with botulinum toxin therapy for these movement disorders had been
very positive; toxin therapy has now been established as treatment of first choice for
these conditions [77, 78]. In the experienced hands using recommended doses, bot-
ulinum toxin therapy has proved to be safe and serious side effects are rare and
preventable (see Chap. 17 of this book on safety issues).
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Chapter 3
Beyond Botox: Other Neurotoxins—What
Are Similarities and Differences?

Check for
updates

Abstract This chapter describes the pharmacological and clinical characteristics
of six botulinum toxins—Botox, Xeomin, Dysport, Myobloc, Jeuveau and
Dixxify—currently approved by FDA for use in the US. Two other unapproved, but
widely used, botulinum toxins in Asia, Prosigne and Meditox are also briefly dis-
cussed. In addition, a brief account on the structure of clinical trials and definition
of study phases, I, II, III, IV as it pertains to clinical investigations in the field of
toxicology is also provided. The classification of clinical studies based on their
quality—class I to IV and their level of study efficacy—A, B, C, U—are described
using the guidelines provided by the Assessment and Therapeutics Subcommittee of
the American Academy of Neurology.

Keywords Botulinum toxin - Botulinum neurotoxin - Botox - Xeomin - Dysport -
Myobloc - Jeuveau - Dixxify

Introduction

The history of botulinum neurotoxin (BoNT) and how it developed and evolved
from a lethal toxin to a widely used and relatively safe medical agent has been dis-
cussed in Chap. 1 of this book. In Chap. 2, the molecular structure and mechanisms
of function of botulinum toxins were discussed. This chapter, defines the qualities
and characteristics of six FDA approved botulinum toxins currently used in the
US. These are Botox, Xeomin, Dysport, Myobloc, Jeuveau and Daxxify. Figure 3.1
shows some of the marketed vials of four commonly used FDA approved botulinum
toxins. These four toxins have been approved by FDA for several years and for more
than one indication. Jeuveau and Daxxify recently approval by FDA only for cos-
metic use in 2019 and 2022, respectively. In 2023, FDA approved Daxxify for treat-
ment of cervical dystonia (for definition see Chap. 8), additionally.
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Fig. 3.1 FDA approved, commonly used botulinum toxins: type A (Botox, Xeomin, Dysport) and
type B (Myobloc). (From Chen and Dashtipour 2013 [1]. Courtesy of Wiley & Sons Publisher)

Of 9 subgroups of botulinum toxins (A, B, C, D, E, F, D, G, X) (see Chap. 2),
only types A and B are used for treatment in clinical medicine. This is due to the
prolonged action of types A and B providing suitability for medical use. Botox,
Xeomin, Dysport and Jeuveau and Daxxify are type A; Myobloc is a type B toxin.
In medical communications and research manuscripts, usually the trade names, as
cited above, are avoided, and the proprietary names (designed by FDA) are used
instead (Table 3.1). Currently, two other type A toxins are used widely in Asia, but
they are not approved by FDA for use in the US (Table 3.1).

There is a difference between these toxins in term of preparation, dilution, refrig-
eration, unit potency and immunogenicity. Some of these differences are summa-
rized in Table 3.2.


https://doi.org/10.1007/978-3-031-54471-2_2

Botox (Allergan Inc., Irvine California)

Table 3.1 The eight commonly used
manufacturer, FDA approval
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botulinum toxins: trade name, proprietary name,

FDA

Trade name Propriety name Abbreviation | Manufacturer approval

Botox Onabotulinum toxin A | Ona-A Allrgan-Inc., Dublin, Yes
Ireland

Xeomin Incobotulinum toxin A | Inco-A Merz Pharma, Frankfurt, | Yes
Germany

Dysport Abobotulinum toxinA | AboA Ipsen Pharmaceuticals, Yes
UK

Myobloc* Rimabotulinum toxinB | RimaB US Woldwide Med, Yes
Solstice

Jeuveu ProbobotulinumtoxinA | ProboA Evolus Inc., Santa Yes
Barbars, CA

Daxxify DaxibotulinumtoxinA | DaxiA Revance Therapeutics, Yes
Nashville, TN

Prosgine - - Lanzhou Institute, China | No

(Inotox)

Meditoxin - - Medytox, South Korea No

(Neuronox)

aMarketed as neurobloc in Europe

Table 3.2 Trade name, preparation,

botulinum toxins

need for refrigeration, unit equivalency and vial size of

Dilution with Approximate unit
Trade name saline Refrigeration equivalency Units/vial
Botox Yes 2-8 degrees© 1 50,100,300
Xeomin Yes No need for 1 50,100,200
refrigeration
Dysport Yes 2-8 degrees© 2.5-3 300.500.1000
Myobloc* No 2-8 degrees© 40-50 2500,
5000,10,000
Prosigne Yes 2-8 degrees© 1-1.5 50,100
Meditoxin(neuronox) | Yes 2-8 degrees ¢ 1 50

“Myobloc comes prepared and does not need reconstruction

Botox (Allergan Inc., Irvine California)

Botox is the first botulinum toxin marketed for clinical use. It was initially intro-
duced in 1989 under the trade name of oculinum (related to the eye) since at that
time, the focus was on eye related indications such as strabismus (crossed eyes) and
abnormal contractions of the eyelids (blepharospasm) and hemifacial spasm (HFS—
involuntary twitches of half of the face). Two years later, noticing the wide potential
application of this toxin in the medical field, the name was changed to Botox. Botox
is the most widely used of botulinum toxins and currently has over 80% of the US
market. Botox is a type A botulinum toxin similar to the other two of its
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competitors, Xeomin and Dysport. Out of 9 different serotypes of the BoNTs, only
types A and B have medical applications. Part of this is due to the long duration of
action of these two types of BoNTs (A and B); a single intramuscular or subcutane-
ous (underskin) injection, provide 3—6 months duration of action (depending on the
clinical condition).

Botox is provided in small vials (Fig. 3.1) that contain 50 (for cosmetic use), 100
and 300 units of botulinum toxin. The unit of the toxin is based on toxin’s lethality
in mice.

Botox is heat sensitive. The original vial of Botox as well as prepared Botox
(mixed with normal saline-salt water, before injection) needs to be kept in the refrig-
erator. The manufacturer recommends the prepared solution to be used within 4-6 h
after reconstruction. There are studies, however, that claim reconstructed Botox
solution can maintain its potency for up to 6 weeks if kept in the refrigerator. Patients
who buy Botox from the pharmacy and plan to take it to the physician’s office for
injection need to be particularly diligent about the issue of Botox’s heat sensitivity.
The Botox content of the vial will lose its potency if left at room temperature for
more than a few hours. If a patient buys a Botox vial today from the pharmacy and
plans to go to the treating physician’s office the next day, the Botox vial should be
refrigerated.

The effect of Botox starts between 24 and 72 h after injection into the muscle.
Like other botulinum toxins in the market, the effect of Botox for most indications,
lasts on average about 3—4 months. It needs to be reinjected to maintain a long-term
efficacy. Injections are done by a small and thin needle (gauge 27.5 or 30) and, in
experienced hands cause little discomfort. For some indications such as drooling
and excessive sweating as well as bladder dysfunction (see Chaps. 10 and 14), the
duration of action may be as long as 6 months.

Most FDA approved botulinum toxin preparations (Botox, Xeomin, Dysport,
Myobloc, Jeuveau) have some foreign protein (human albumin) in them that may
produce antibodies. Injection of botulinum toxins, especially in large amounts (such
as used for relaxing large spastic limbs after stroke or brain/spinal cord injury), can
facilitate formation of antibodies and, as a result make the patient unresponsive to
the effects of subsequent Botox injection(s). This was an issue with earlier prepara-
tions of Botox (up to 1997) when approximately 10% of the patients receiving
repeated injection developed antibodies and became unresponsive. However, great
improvements have been made in this regard over the past 25 years to improve
Botox’s sustained efficacy. Current Botox vials contain only 0.5 ng of human albu-
min with a protein load of 5 ng/100 units. This is substantially reduced from
25 ng/100 units which was present in the Botox formulations prior to 1997. The low
protein load of the current Botox preparations has reduced Botox’s antibody forma-
tion to less than 1.2% and the development of non-responsiveness down to 1% or
less after repeated applications [2]. The antibody formation after application of a
substance is referred to as antigenicity in medical terminology. The albumin content
of each of the five FDA approved botulinum toxin preparations and the level of their
antigenicity are illustrated in Table 3.3.
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Table 3.3 Albumin content of FDA approved marketed botulinum toxins and their level of
antigenicity

Toxin name | Botox Xeomin Dysport Jeuveau Myobloc

Albumin 5 ng/100 units | 0.44 ng/100 units | 4.35 ng/500 units | 0.5 mg/100 units | 55/2500
content

Level of Low Very low due to | Low Low Low
antigenicity low albumin
content

Modified from Benecke in Biodrugs. Springer 2012 [3]

It is important to remember that the units of these different toxins have different
strengths. When a patient goes to a different doctor, if a different toxin is going to
be used, a proper unit conversion is necessary. Botox and Xeomin units are approxi-
mately comparable (1:1) but both are very different from Dysport or Myobloc as
illustrated in Table 3.2.

Xeomin (Merz Pharmaceuticals, Frankfurt, Germany) [4]

This is another type A botulinum toxin with activities very similar to Botox. The
units of Xeomin are close to Botox in potency and, in comparative clinical trials,
researchers often use a 1:1 Xeomin/Botox ratio. It should be remembered that the
units of different botulinum toxins are never truly comparable and the given equiva-
lents are at best an approximation.

Xeomin’s structure is very similar to the South Korean toxin, Meditoxin/
Neurotox produced in year 2000 by the Korean Medytox pharmaceutical. Merz, a
German pharmaceutical company, produces and distributes Xeomin in US. Although
Xeomin still does not have FDA approval for some major clinical indications
(migraine, bladder dysfunction), but like Botox it possesses efficacy in treatment of
two very common medical indications namely, spasticity (abnormally increased
muscle tone) and dystonias (involuntary movements and postures of the neck and
face). It is also approved by FDA for treatment of excessive sweating and excessive
drooling. Xeomin is provided in vials containing 50 and 100 units (Fig. 3.1,
Table 3.3).

Xeomin has three advantages over Botox and other toxins:

1. Tt does not have to be refrigerated—a feature that is often helpful both to patients
and medical providers.

2. It has a negligible amount of albumin (protein load of 0.44 ng/100unit), hence
possesses very low antigenicity, hence, rarely leading to harmful antibody for-
mation. This means that the incidence of unresponsiveness even with large doses
and repeated injections is extremely low with xeomin (Table 3.3). In practice,
however, this is a minor advantage over Botox since, as mentioned above, the
new formulations of Botox have low incidence of unresponsiveness after chronic
use even with large doses.
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3. Reconstituted Xeomin does not show reduction of potency throughout 52 weeks
(when kept in refrigerator) and, hence, may make it economically more favor-
able than other toxins [5].

Dysport (Ipsen Limited, Paris France) [6]

Dysport, a type A toxin similar to Botox, can be used for many neurological condi-
tions (cervical dystonia, blepharospasm, hemifacial spasm, upper and lower limb
muscle spasticity). Like Botox and Xeomin, it is approved by FDA for cervical
dystonia, spasticity [7] and treatment of excessive sweating. It is the first botulinum
toxin approved by FDA for treatment of lower limb spasticity in children based on
high quality clinical trials (Table 3.4) [8]. Units of Dysport are different from that of
Botox and Xeomin. Each 2.5-3 units of Dysport are approximately equivalent to 1
unit of the other two toxins. Dysport is provided in vials containing 300, 500 and
1000 units (Table 3.2).

Jeuveau and Daxxify [7, 8]

These two type A botulinum toxins were approved by FDA only for treatment of
wrinkles and frown lines in 2019 and 2022, respectively. More recently (2023),
Daxxify has also benn approved by FDA for treatment of cervical dystonia.

Jeuveau comes in single vials containing 100 units. Its effect on wrinkles is simi-
lar to that of Botox. Some studies have suggested that its effect on improving wrin-
kles lasts longer than Botox. Like Botox, it needs to be mixed with saline (salt
water) before injection. Unlike Botox, Jeuveau does not have FDA approval for any
other indication.

Daxxify works faster than Botox—on average, within 2 days versus 3-5 days for
Botox. Daxxify lasts longer than Botox (6 months versus 3—4 months). It is how-
ever, almost twice more expensive than Botox. The cosmetic use of botulinum tox-
ins are discussed in Chap. 13 of this book.

Myobloc (Neurobloc in Europe: WorldMed/Solstice
Neurosciences, Louisville, Kentucky) [9]

Myobloc is the only type B toxin available for clinical use in US. It is approved for
two indications: cervical dystonia which is involuntary movement/postures and
stiffness of neck muscles, often associated with pain and for excessive salivation or
sweating (autonomic disorder). In cervical dystonia, there is some literature
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Table 3.4 Clinical indications (approved by FDA) for different botulinum toxins marketed

in the USA
Year of
Trade Proprietary name given by FDA
name FDA Manufacturer Medical condition approval
Botox OnabotulinumtoxinA Allergan/Abvie | Blepharospasm 1989
Irvine, Ca Hemifacial spasm 1989
Strabismus (crossed 1989
eyes)
Cervical dystonia 2000
Armpit sweating 2004
Chronic migraine 2010
Upper limb spasticity | 2010
Bladder (NDO)* 2011
Bladder (OAB)* 2013
Lower limb spasticity | 2014
(adult)
Esthetics(forehead 2017
wrinkles)
Upper limb spasticity | 2019
(child)
Xeomin | incobotulinumtoxinA Merz Pharma Cervical dystonia 2010
Frankfurt, Blepharospasm 2010
Germany Excessive sweating 2010
Esthetics (glabellar 2011
lines)
Upper limb 2015
spasticity(adult)
Excessive drooling 2018
Dysport | AbobotulinumtoxinA Ipsen Cervical dystonia 2009
Pharma-UK Esthetics (glabellar 2009
lines)
Upper limb spasticity | 2015
(adult)
Lower limb spasticity | 2016
(child)
Lower limb spasticity | 2017
adult
Jeuveau | Probobotulinum toxinA Evolus, Inc. Esthetics (wrinkles) 2019
Santa Barbara,
CA
Daxxify | DaxibotulinumtoxinA Revance Esthetics 2022
Nashville, TN Cervical dystonia 2023
Myobloc | RimabotulinumtoxinB Solstice Cervical dystonia 2009
Neuroscience Excessive drooling 2010

ANDO neurogenic detrusor over-activity.

overactive bladder (see Chap. 10)

Detrusser is the main muscle of the bladder wall. OAB
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suggesting that Myobloc works better than other toxins for associated neck pain and
for this indication, the higher doses of Myobloc are more effective than lower doses
[10, 11]. It is used, off-label, for treatment of spasticity and muscle spasms as well
as excessive drooling based on clinical trials demonstrating its efficacy. Myobloc is
provided as a “ready to use” solution and does not require reconstruction (mixing
the toxin with saline). The units of Myobloc are very different from the units of
other botulinum toxins. Myobloc vials contain 2500, 5000 and 10,000 units. Each
40-50 units of myobloc approximates 1 unit of Botox or Xeomin and 2.5-3 units of
Dysport.

The times lines of FDA approval for each indication of botulinum toxins is pre-
sented in Table 3.4.

Preparation/Injection

All botulinum toxins are administered through intramuscular or intradermal (into
the skin) injection. Before injection, Botox, Xeomin and Dysport need to be pre-
pared for injection. These toxins are provided in the vial as a white powder and need
reconstitution with salt water (saline) before injection. For most indications, the
dilution is with 1-2 cc of normal saline (0.9% sodium salt solution commonly used
in clinical practice). When injecting large muscles, mostly for spasticity (abnor-
mally increased muscle tone such as seen after stroke), some injectors prefer to
dilute with 4 or even 8 cc of normal saline to enhance diffusion of the toxin within
the muscle. After inserting sterile saline into the vial, in case of Botox, the vial is
gently shaken 3—4 times to accelerate the mixing process. For Xeomin, it is recom-
mended to invert the vial several times. For most indications, a 1 cc thin syringe
with 10 divisions is used to draw the solution. Because of the small size of the
syringe drawing the reconstituted solution from the vial into injecting syringe is
often problematic. The drawing process is tight and some of the solution is lost in
the process. Adding a couple of cc’s of air into the vial before drawing the solution
into a I cc syringe will help. This will allow smooth drawing of the solution into the
small syringe and full recovery of the solution from the vial.

For most indications of botulinum toxin therapy (with Botox or others), injecting
muscles and skin around the head (in case of migraine), spasticity and dystonias
(neck, limbs), injection are done with a small and thin needle to avoid pain and
discomfort. A 27.5 gauge needle, % inch long, is commonly used in clinical practice
for these injections. For injections into the face for blepharospasm (spasm of eye-
lids) and hemifacial spasm (spasm of half of the face) as well as injecting into sweat
gland and salivary glands, a smaller, 30-gauge needle is preferable. For most indica-
tions, injections are performed quickly and do not need prior numbing of the skin.
For management of excessive sweating (palm, sole of the feet, arm pit) which
requires multiple injections—20 to 30 injections under into or under the skin in a
grid—Ilike fashion—the skin is usually numbed with an anaesthetic cream first (for
example Emla cream), about 1-2 h before injections. The skin is then cleaned and
can be further numbed by an anaesthetic spray during the injections.
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Specific side effects after treatment for each medical indication are discussed in
different chapters of this book. The safety issues with botulinum toxins, in general,
and for specific indications are discussed in Chap. 17.

Non-FDA Approved Botulinum Toxins Used in Far East Asia

Prosigne [12]

Prosigne is a type A toxin which was developed by Chinese scientists at the Lanzhou
Institute. The toxin has properties similar to other type A toxins and targets the same
set of proteins in nerve-muscle junction to prevent release of neurotransmitters from
vesicles located inside the nerve terminal (see Chap. 2). The external expedients of
Prosigne per vial, unlike all other type A toxins which is albumin is porcine gelatin
5 mg, dextran 25 mg and sucrose 25 mg with a protein load of 4-5 ng/100 units. It
is generally believed that Prosigne’s potency is close to that of Botox. In one report,
a similar potency has been described (Botox/Prosigne 1:1 ratio) [12] while another
report [13] used 1:1.5 ratio, with Botox being more potent. Although Prosigne has
been shown to be effective in several indications similar to Botox including some
pain indications, it is not approved by FDA for use in the US.

Meditoxin/Neuronox

Meditoxin (Neuronox) is a type A toxin manufactured by Medytox company in
South Korea; it is widely used in Asian countries. The toxin has almost an identical
structure to Xeomin and possesses a very low protein load. Neuronox comes in
50,100 unit vials with a potency similar to Botox. The external expedient in medi-
toxin is a plant protein unlike that of Botox which is serum albumin. A liquid for-
mulation of Meditoxin has been developed which does not need reconstitution and
can be kept at room temperature.

Meditoxin has been studied recently in several high quality investigations for
possible approval by FDA. A phase III study (see definition of study phase later in
this chapter) was completed on 7-4-2017 for blepharospasm (involuntary eyelid
closure and spasms). Another phase III study was completed in 7-6-2017 on cervi-
cal dystonia, a medical condition characterized by involuntary neck movements and
postures often associated with neck pain. Another phase III study for wrinkles with
Meditoxin was initiated on 4-17-2017. However, recently, Meditox use and distribu-
tion has been the subject of critical investigations. In 2020, the Thai government
suspended the sale of Meditoxin and recalled all the Meditoxin products distributed
in the market based on alleged use of unauthorized ingredients and faked test results.
In US, on December 2022, one distributor that falsely claimed FDA approval for
Meditoxin was fined $10,000 in a Florida Court.
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Definition of Clinical Trials

Before a drug gets approved by FDA for human use, it needs to go through three
phases of clinical trials. Phase I clinical trial investigates if the drug is safe for
human use. This is done usually on a small number of patients (n = 10-30) assessing
the effect of different dosages of the drug and recording carefully tolerability and
side effects. It is not the test of efficacy of the drug, although some observations on
the patients’ response to the drug can be made. No placebo (sham drug) is involved
in a phase I clinical trial.

In a phase II clinical trial, larger number of patients are tested (usually between
25-100) looking at the efficacy of the drug for a specific indication based on differ-
ent doses that have been found to be safe in the phase I trial. The patients’ response
to the drug is carefully tested by using different rating scales. This is usually a
blinded and placebo controlled study i.e. the effect of the drug is blindly compared
with a placebo (usually salt water injection in comparison with botulinum toxin).
Double blinding means that the design of the study is as such that neither the patient
nor the physician know the type of injection (toxin or placebo).

A phase III clinical trial is usually a multicenter trial involving a large number
(hundreds or thousands) of patients. Phase III clinical trials use a placebo arm and
the response of the patients’ symptoms to the therapeutic agent (for instance botuli-
num toxin) is measured against that of a placebo. The results are presented after
careful statistical assessment. Phase III clinical trials are longer than phase I and II,
often lasting for months.

A phase IV clinical trial is done after FDA approval in order to investigate the
clinical efficacy, quality of life and cost effectiveness in greater detail. These studies
may involve several thousands of patients and are often conducted over several years.

The FDA approval for any drug (including botulinum toxins) for use in the US is
based on availability of high quality, phase III trials. In most cases, FDA requires
two phase III, class I (very high quality) studies that have proven the efficacy of the
therapeutic agent for a given indication. For some indications, however, FDA has
approved a drug for US use based on only one large, multicenter and exceptionally
well done, Class I, phase III trial.

Study Class and Efficacy Evaluation

In this book, the definition of study class and efficacy are based on the criteria previ-
ously published by the American Academy of Neurology (AAN) [14, 15]. Clinical
trials are classified into Class I, II, IIT and IV based on the quality of the study.

A class I study (highest quality) is a randomized, controlled clinical trial of the
intervention of interest with masked or objective assessment in a representative
population [14, 15]. The study is double blind i.e. the rating physician and the
patient do not know what the given pill or injection was (drug or a placebo—a sham
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substance). Usually another physician not involved in the rating (assessment of

symptom improvement) or a nurse conceals the information in a computer. Also,

there should not be any substantial differences between the two study groups (toxin

or placebo) in regard to relevant characteristics (sex, age, duration of illness, etc.).
The following also need to be clearly defined:

(a) How the allocation to drug group versus placebo group is concealed from the
patient or rating physician

(b) Primary outcome(s)

(c) Exclusion and inclusion criteria

(d) Adequate accounting for dropouts. The dropout should not exceed 20% of the
studied population

A class II study is a randomized, double blind study which lacks one of the 4 addi-
tional criteria (a—d) mentioned above or a prospective cohort which meets b, c or, d
criteria. A class III study is all other controlled trials (including well-defined natural
history controls or patients serving as their own control) in a representative popula-
tion where outcomes are independently assessed or independently derived by objec-
tive outcome measurements. Class IV studies are all other studies not meeting Class
I, II and III criteria. These studies are often retrospective reviews of a small cohort.

Based on the availability of high quality studies, the efficacy of a drug is classi-
fied as A, B, C and U. An A level of efficacy means that the efficacy is established
or refuted based on two class I studies. For instance, the efficacy of Botox treatment
is established in chronic migraine based on two class I studies (Chap. 4). A level B
efficacy means probable efficacy (or lack of it) based on one class I or two class II
studies. For example the efficacy of Botulinum toxin in nerve damage due to diabe-
tes (diabetic neuropathy) has been assigned a B level based on two class II studies
(Chap. 5). Level C efficacy denotes possible efficacy or possible lack of efficacy
based on one class II study. The U efficacy level means that the reported high quality
studies (class I and II) have described contradictory results or that there are no high
quality studies reported for that indication. An example that has been assigned a U
level of efficacy would be the use of botulinum toxin therapy in a condition called
myofascial spasm. Throughout this book, wherever study class and efficacy level is
quoted, it refers to the above-described classes and levels as defined by AAN
guidelines.
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Chapter 4
Botox: A Miracle Drug for Chronic
Migraine

Abstract Headache is a common human ailment. Migraine is a recurrent and dis-
tressing headache that often impairs the quality of life. Uncontrolled and chronic
migraine is a huge financial burden to the individual and to the country’s economy.
The data from high quality studies have shown efficacy of botulinum toxin injec-
tions in chronic migraine. Based on these data, in 2010, Botox was approved for
chronic migraine in Europe and by FDA for use in the US. This chapter discusses
the role of botulinum therapy in primary headaches, migraine and tension headache.
It also provides information on the limited data published on secondary headaches
such as those occurring after head injury. Information on different techniques of
botulinum toxin injection for treatment of chronic migraine is also provided. The
results of botulinum therapy for migraine are compared with the results of pharma-
cological therapy in migraine including the newer drugs introduced to the market
over the past 10 years.

Keywords Botulinum toxin - Botulinum neurotoxin - Migraine - Chronic
migraine - Tension headaches

Introduction

Headache is a common ailment. On average, 50% of the population experiences one
headache per month and a quarter of the population acknowledge having one head-
ache per week. Headache disorders are not only among the most prevalent, they are
also among the most disabling disorders worldwide [1]. The international society
for classification of headaches, categorizes headaches into primary and secondary
headaches [2]. Primary headaches are those that occur in individuals with no evi-
dence of brain disease or no abnormalities on brain imaging (CT, MRI) or labora-
tory testing. Secondary headaches arise as a result of brain pathology or systemic
disorders. Although secondary headaches reflect a more serious condition (tumor,
inflammation, bleeding, etc.), at times, primary headaches can be also as severe and
as disabling.
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The major primary headache disorders consist of migraine, tension headaches
and cluster headaches. Over the past 25 years, the effects of botulinum neurotoxin
therapy on primary headaches has been studied extensively, especially with type A
toxin, Botox (see Chap. 3 for different types of botulinum toxins in the market).
These studies have shown the efficacy of Botox in treatment of chronic migraine, an
indication for which approval was received in summer of 2010 in Europe and
Canada; it received approval by FDA for use in US, later that year. It is now consid-
ered a major treatment modality for treatment of chronic migraine.

Migraine and Chronic Migraine

The word migraine is derived from the French word migraine (pronounced migren)
which itself originates from the Greek word hemikrania (pain involving half of the
head—Galen 200 AD). Although in many patients with migraine, pain of migraine
involves mainly one side of the head, a sizeable number of migraine victims com-
plain of bilateral headaches. Migraine is much more common among women than
men with a reported prevalence of 17% among women and 6% in men [3]. The
exact cause of this huge gender difference in migraine is not clear but, undoubtedly,
hormonal issues play a major role as migraine frequency often diminishes during
pregnancy and after menopause following the drop in estrogen levels. Migraine’s
impact on the quality of life is substantial. Migraine is currently rated as the seventh
cause of medical disability [4]. In terms of years lived with disability [YLD], head-
aches are the third most common cause of (YLD); 88% of YLD in headache field is
due to migraine [5]. Migraine headaches usually begin during the second and third
decades of life and decrease substantially after age 40 [6]. Migraine is considered a
genetic disease since over 50% of the patients report a family history of migraine.

The pathophysiology of migraine is still not fully understood. The old concept
that a sequence of constrictions of brain vessels followed by dilatation causes
migraine is no longer tenable. According to current thinking, before onset of pain,
an electrical wave starts and travels over the cortex resulting in depression of brain
activity and release of potassium, calcitonin gene related peptide (CGRP) and other
substances. These substances lead to inflammation of brain coverings which then
conveys signals to the pain sensitive trigeminal system inside and outside of the
brain. This system innervates the skull, scalp and blood vessels; irritation and sensi-
tization of this system results in pain. A genetically related mechanism triggers the
initial event of this cascade in migraine which is yet to be explained.

Clinically, migraine headaches are often of moderate to severe intensity and, on
the average, last from 4 to 72 h. Migraine attacks may be one sided, but changing
sides is not unusual. During the attacks, patients often complain of nausea and
report unusual sensitivity to light or sound. Most affected patients prefer to go to a
quiet room, close their eyes and avoid noisy environments.

In 20% of the patients, a migraine attack begins with an “aura.” Aura means
“breeze” in Greek and, in migraine, denotes a transient objective sensation before
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the onset of headache. The most common type of aura in migraine is a visual aura.
Patients describe seeing lights in part of their visual field. These light auras are usu-
ally on one side of the patients’ visual fields (sometimes affecting half of the field in
both eyes) while taking many shapes and forms. They can present in the form of
flickering or zigzag lights also called scintillations. These lights often start in a
small part of the visual field and then evolve into larger areas. The enlarging lights
in the field of vision (positive aura) sometimes end to momentary loss of vision in
the same area (scotoma). In some patients, the scotomas or negative auras can occur
without positive auras. Another common aura in migraine is a sensory aura which
presents with experiencing unusual sensations over the face or parts of body. These
sensations are usually in form of tingling, numbness or transient loss of sensation,
affecting one side. Such experiences in older individuals need to be differentiated
from initial symptoms of an impending stroke which is totally different from
migraine. Other auras, such as experiencing intense smell or taste or having epi-
sodes of vertigo, are less common.

Patients may explain their first migraine as the most severe headache of their life
with a very sudden onset. Such headaches (thunderclap headache) need to be inves-
tigated by computed tomography (CT scan) or magnetic resonance imaging (MRI)
to ensure that they do not represent bleeding inside the head as a consequence of a
ruptured aneurysm that requires immediate and urgent care due to its potentially life
threatening nature (re-bleed). Aneurysm is an abnormal bulging, weakened wall of
a blood vessel, usually an artery, that has a tendency to rupture.

Based on the frequency of headaches, migraine is classified as episodic or
chronic migraine. The term episodic migraine defines a form of migraine with head-
ache days of less than 15 per month, while definition of chronic migraine requires
15 or more headache days per month, with at least 8 of them being of migraine type
(as described above).

Treatment of migraine includes abortive and prophylactic (preventive) measures.
Abortive medications suppress the acute pain, whereas prophylactic medications
prevent recurrence of severe headaches. Abortive treatments are short term and usu-
ally limited to the day of the migraine attack. Prophylactic treatments require taking
daily medications. Migraine is an underdiagnosed disease and it is generally
believed that preventive treatment in migraine is underutilized.

Treatment of Acute Attacks

Different categories of medications are available for inducing significant relief of
acute migraine attacks within 2 h, usually in over 50% of the patients. These abor-
tive drugs consist of Triptans, the Ergot derivative DHE, antiemetic (against vomit-
ing) agents (metoclopramide, chlorpromazine), ketorolac, lasmiditan and small
molecule CGRP (see above) inhibitors called Gepants.

Triptans (sumatriptan, eletriptan and other triptans) [7] are available in oral,
injectable and nasal spray forms; generally abort the acute migraine attacks in a
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couple of hours. They are not, however, indicated in patients with history of stroke
and heart disease. Subcutaneous (under the skin) injection of or nasal spray form of
DHE has similar effects; to abort severe attacks intravenous DHE combined with
metochlopromide (to reduce nausea) is often used. Ketoralac is in the category of
non-steroidal (not a steroid) anti-inflammatory (working against inflammation)
drugs which can be used for aborting acute migraine attacks. Ketorolac for migraine
can be injected into the muscle (60 mg) or into the veins (15-30 mg). Lasmiditan
(approved by FDA for use in the US in 2019) by reducing the activity of the trigemi-
nal system (the part of the nervous system that supplies nerves for the face and
scalp), aborts acute migraine attacks. Since it does not affect the vascular system, it
can be used in patients with the history of heart disease or stroke [8]. Sleepiness is
a side effect and driving should be avoided after taking lamisidin.

Recently, gepants have been introduced to the market for treatment of migraine.
Among the three FDA approved gepants, ubrogepant (Ubrelvy) was the first gepant
approved in 2019. It is now often used for treatment of acute migraine. A single 50
or 100 mg pill is able to abort the acute migraine attack, in a few hours. It is usually
well tolerated with occasional side effects of dry mouth and sleepiness [9]. Long-
term treatment data are now available and attest to the safety of this drug [10].

Transcranial magnetic stimulator is an FDA approved device that provides a
magnetic pulse to the brain surface through the skull. In acute migraine, it has been
shown to make 17% of the patients free of headache within 2 h [6]. This percentage,
however, is considerably lower than 30% or higher improvement rates achieved by
gepants or lasmiditan.

Preventive Treatment of Migraine

Several categories of medication are used for prevention of acute attacks of migraine.
These include tricyclic antidepressants (amitryptiline and nortryptiline), betablock-
ers (propranolol, nadolol, metoprolol, timolol) that also used for treatment of tremor,
and drugs commonly used for treatment of seizures (anticonvulsant agents -topira-
mate, divalproex sodium). More recently, so-called monoclonal antibodies that
block the function of CGRP (calcitonin gene related peptide) have been added to
this list. As described earlier in this chapter, CGRP is a major pain transmitter and
modulator that, based on laboratory tests, plays a major role in the pathophysiology
of migraine. In high quality, blinded, phase 3 studies (see definition in Chap. 3), this
group of drugs has been found to be extremely effective in prevention of migraine
[11]. The mode of application for CGRP inhibitors can be either in the form of sub-
cutaneous or intravenous injections, used once every 1-3 months. Table 4.1 shows
different types of CGRP inhibitors (monoclonal antibodies) currently approved by
FDA for treatment of migraine.
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Table 4.1 CGRP inhibitors approved by FDA for treatment of migraine

Molecular Mode of Date of approval by

Generic name Trade name | size application FDA
Erenumab Emimovig | Large Pill 2018
Fremanezumab Ajovy Large Pill 2018
Galcanezumab Emgality Large Pill 2018
Epitinezumab Vyepti Large Pill 2020
Ubrogepant Ubrely Small Pill 2019
Rimegepant NurtecODT | Small Pill 2020
sulfate

Atogepant Qualipta Small Pill 2022
Zavegepant Zavzpret Small Nasal spray 2023

Modified from Jabbari, B: in Botulinum Treatment of Pain Disorders, Second edition,
2022-Springer [12]

The pharmacological treatment of migraine has improved significantly with
introduction of CGRP inhibitors. Prior to CGRP era, all medications used for pre-
vention of acute migraine attacks had a low to medium rate of efficacy especially in
chronic migraine when the attacks occur 15 or more days per month. Moreover, the
side effects of these medications such as hypotension (low blood pressure) and sex-
ual dysfunction (in case of betablockers), unusual sensory experiences, cognitive
decline, depression, weight loss (topiramate), tremor and hair loss (divalproex), dry
mouth, urinary retention and weight gain (tricyclic antidepressant and divalproex)
concerned many patients. Over the counter medications such as co-enzyme Q, mag-
nesium, vitamin B1 and melatonin or acupuncture have questionable preventive
effect. Exercise, yoga, and meditation help some patients through relaxation.
Furthermore, drugs that are used for aborting the acute migraine attacks are, them-
selves, sometimes hard to tolerate due to undesirable side effects. For instance, trip-
tans and DHE are contraindicated in patients with coronary artery disease and can
cause dizziness, nausea and light headedness, while antiemetic medications cause
sedation and acute abnormal movements (dystonia: twisting of the limbs and akathi-
sia: excessive restlessness).

CGRP inhibitors are generally well tolerated and have less side effects than the
above-mentioned traditional drugs used for prevention of migraine [7]. Because of
their expense, however, it is recommended to be used after traditional treatment of
migraine fails [7]. Erunumab (Table 4.1), the most widely used CGRP inhibitor, can
cause constipation and increase blood pressure. Since CGRPs have a potential to
constrict blood vessels, The European Headache Federation guidelines suggests not
to use CGRP inhibitors in patients with heart disease or stroke [13]. There is also the
issue of losing the original efficacy over time with the use of CGRP inhibitors that
needs to be further investigated [14]. For these reasons, a mode of preventive treat-
ment which is effective and has a low side effect profile while providing sustained
action, deserves exploration for prevention of frequent migraine attacks.
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Botulinum Toxin Treatment of Migraine

During final years of the twentieth century, several reports indicated that Botox
injection into forehead muscles can improve forehead wrinkles. To the surprise of
clinicians that treated patients for wrinkles, some patients who received forehead
injections reported a reduction in intensity and frequency of their migraine head-
aches. Following these observations, a headache specialist and researcher, Stephen
Silberstein and his co-workers conducted the first randomized, double-blind,
placebo-controlled clinical trial (see Chap. 3 for definition of clinical trials) of
Botox in patients with migraine [15]. In that study, published in the year 2000, 123
patients with migraine were stratified into three groups receiving either Botox
(75 units), Botox (25 units) or placebo (normal saline) into the forehead muscles.
Although the study did not show a statistically significant improvement of the pri-
mary outcome measure—increased pain free days/month, it showed that injection
of Botox into forehead muscles reduces the intensity of migraine attacks and the
number of pain days/month. Between the year 2000 and 2010, several high quality
studies [16-29] demonstrated that, in human, botulinum toxin injection can improve
pain in several ailments, hence, encouraging further research in migraine.
Furthermore, animal studies have shown that injection of botulinum toxins (A or B)
into muscles and under the skin can inhibit the function of pain transmitters both in
peripheral and in central nervous system [30-34].

It took 10 years after Silberstein’s publication and several failed reports for use
of Botox in large population of patients with migraine (mostly episodic migraine—
migraine attacks of less than 15 times a month) [35] that convincing data about the
role of Botox in migraine appeared in the literature.

In 2010, publication of two large PREEMPT studies demonstrated that injection
of Botox into the pericranial (around the head) muscles, with a certain injection
paradigm and dose, can significantly reduce the number of pain days in patients
with chronic migraine. The total dose and number of injected sites in PREEMPT
studies was substantially higher than that of prior studies.

PREEMPT Studies

The two PREEMPT [36, 37] studies were multi-center and investigated the efficacy
of Botox in chronic migraine (15 or more pain days per month) on a total of 1384
patients. The PREEMPT studies were double blind, meaning that the patients did
not know what they were receiving, also physicians and raters of the response were
blinded to the type of the injections. Both studies had an open label arm (unblinded).
The blinded arm of the studies lasted for 24 weeks with placebo or Botox injection
every 12 weeks. Patients were evaluated with weekly visits during which they had
several ratings of pain, sleep, and quality of life throughout the duration of the study.
The open, unblinded arm which began after completion of the blinded arm, lasted
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32 weeks during which the patients received Botox only and were evaluated the
same way for their response. Evaluation of the pooled data from the two PREEMPT
studies showed that a single injection of Botox produced not only reduction of pain
days and migraine episodes per month, but it also reduced the pain intensity of each
episode [38]. All findings had a high level of statistical significance (P < 0.0001).
Since then, Botox has been used for treatment of chronic migraine on millions of
patients worldwide. The positive results of PREEMPT studies raised several practi-
cal questions:

— Can the positive effect of Botox treatment in chronic migraine be sustained over
a long period of time (years) with repeat injections?

— A sizeable number of patients with chronic migraine also have superimposed
medication overuse headaches may complicate treatment. Does this population
of patients with chronic migraine also respond to Botox therapy?

— Generally, patients with chronic migraine have a poor quality of life. Do the posi-
tive effects of Botox therapy in chronic migraine lead to improvement of quality
of life?

— Is long-term treatment of chronic migraine with Botox safe? Are there any seri-
ous side effects with long-term use?

Aurora and co-workers [39] studied the sustenance of Botox effect on 1005 patients
with chronic migraine who received Botox injections into pericranial (around the
head) muscles every 3 months for 5 cycles (every 3—4 months) of treatment. Patients
continued to enjoy pain relief during all 5 cycles of treatment (56 weeks) and also
showed a substantial improvement in their quality of life as measured by migraine-
specific quality of life questionnaire scores. Another group of investigators demon-
strated that quality of life improved significantly both in the blinded and open label
phase of the PREEMPT study in the Botox group (607 patients) compared to the
placebo group (629 patients) [40]. Silberstein and co-workers [41], studied another
cohort of the PREEMPT population. Of 688 patients who received Botox, 49.3%
demonstrated 50% or more reduction in the frequency of headache days after the
first injection with an additional 11% and 10% increase in response observed during
the second and third cycle of injections. In another study that focused on patients
with migraine and medication overuse headaches [42], treatment with Botox
decreased the frequency of headache and migraine days, headache intensity, num-
ber of severe headache days and percentage of patients with severe HIT-6 scores
(poor quality of life). The authors concluded that Botox treatment is effective in
patients with chronic migraine and medication overuse.

In recent years, a number of authors have investigated the utility of Botox ther-
apy in migraine outside clinical trials and in real-life situations. These studies [43,
441, have confirmed the positive results of clinical trials of Botox therapy in chronic
migraine. A large survey conducted in 28 Italian health centers also concurred with
the conclusion of these real-life studies [45].
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Sites of Botox Injection, Recommended Dose per Site
and per Session

The most common injection technique currently used for treatment of chronic
migraine is the one used in the PREEMPT studies. The PREEMPT protocol recom-
mends injecting five pericranial (around the head) muscles, one muscle in the upper
neck (splenius,) and one in shoulder muscle (trapezius). The pericranial muscles
consist of three forehead muscles (corrugator, procerus, and frontalis), one muscle
at each temple (temporalis) and one muscle at the back of the head (occipitalis)
(Fig. 4.1). The function of these muscles and the number of injections per muscle

»

-

Fig. 4.1 Sites of Botox injections for treatment of chronic migraine as recommended by the
PREEMPT Study group. From Blumenfeld et al. 2017 [46]. In Headaches. With permission from
the Publisher, Wiley)
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Table 4.2 Injection paradigm recommended by PREEMPT study. Injected muscles, muscle
location, muscle function, number of injection sites and the dose injected per site

Number of Dose per
Muscle Location Function of muscle injection sites injected site
Corrugator | Above the medial Draws the eyes together | One on each 5 units
edge of eyebrow and downward side
Procerus | Between two Pulls the eyebrows One injection at | 5 units
eyebrows together midline
Frontalis | Forehead Moves eyebrows up Four sites 5 units
Occipitalis | Back of the head Moves the scalp back Three on each 5 units
side
Splenius | Upper neck Turns and tilts the head | Two on each 5 units
to the same side side
Trapezius | Shoulder Moves the shoulder up | Thee on each 5 units
side

and the dose per injection site are presented in Table 4.2. The total dose per session
is 165 units of Botox with an option to increase it to 195 units, per discretion of the
injecting physician.

In recent years, investigator from PREEMPT study group have shed more light
on different aspects of chronic migraine’s response to Botox injection. In regard to
the onset of response, comparing 688 patient receiving Botox and 698 patients
receiving placebo, one study found that even at week 1 after Botox injection the
difference between the two groups was statistically and significantly in favor of
Botox [47]. Furthermore, another study performed on close to 1400 patients who
participated in the PREEMPT study demonstrated that response to Botox was well
beyond improvement of headache and encompassed improvement of many aspects
of quality of life [48].

In practice, from the patients’ point of view, one of the major issues with Botox
treatment of chronic migraine is the number of injections—31 injections was advo-
cated in the PREEMPT protocol. Although the patients are generally pleased with
the outcome and return every 3—4 months for reinjection, they do complain of the
number of injections. I have designed an injection paradigm that encompasses 21
injected sites. This protocol which was conducted initially at Walter Reed Army
Medical Center in Washington DC and then at Yale University in New Haven, CT
over nearly 20 years produced very comparable results with that of PREEMPT pro-
tocol. In this protocol, temple injections are reduced from 4 to 2 on each side (using
a larger dose of 15 units per site) and the occipital injections are reduced from 3 to
1 on each side using a larger dose of 10 units per site. The six injections into trape-
zius muscle are eliminated. For neck muscles, 3 injections, of 10 units each are
given into the posterior neck muscle (splenius), on each side (Fig. 4.2) [49].
Although some authors have expressed concern that injection of higher doses into
the temporal and neck muscles may cause undesirable muscle weakness, we have
not noticed appreciable weakness of neck or temporalis muscle after thousands of
Botox injection sessions performed for treatment of chronic migraine. The total
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Fig. 4.2 The site of injections in the method used by Yale group for treatment of chronic migraine
[49]. (Drawings courtesy of Tahereh Mousavi M.D. and Damoun Safarpour M.D.)

dose per session 185 units of Botox is slightly higher of PREEMPT. In patients with
a very small neck, the neck dose was is reduced to 5 units per site making a total
dose per session of 165 units.

Injection Method

Botox comes in small vials with the active powdered ingredient sitting at the bottom
of the vial; it has to be mixed with normal saline (salt water) before injection. Some
injectors like to add 1 cc and some add 2 cc of normal saline into the Botox vial
containing 100 units of the toxin. This author for most indications prefers 1 cc dilu-
tion which allows injecting smaller volumes per site. After adding saline into the
Botox vial, the solution is shaken gently and then is drawn into a small, thin 1 cc
syringe with 10 divisions each representing 0.1 cc. When using 1 cc dilution, each
of the 10 divisions of the syringe will contain 10 units of Botox (if using vials con-
taining 100 units). Botox injections into the skin and muscles for migraine are
superficial and performed with a small and thin needle (34 inch, 27 or 30 guage
needle). In experienced hands, injections into pericranial sites, upper neck and
shoulder muscles cause minor discomfort. Usually there is no bleeding, but when
there is minor bleeding, it stops quickly when wiped by a dry gauze. The injections
can be done with the patient lying down or sitting up. This author prefers injecting
migraine patients in the sitting up position. The whole procedure takes approxi-
mately 15 min.

Accuracy of dilution is very important in botulinum toxin therapy. This is par-
ticularly true when treating migraine patients since several muscles are small, hence,
inaccurate dilution leads to overdosing and unpleasant side effects. For instance,
small corrugator and procerus muscles are too close to the eye (see Figs. 4.1 and
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4.2), and wrong dilution can lead to weakening of small muscles around the eye
causing drooping of the eyelid or double vision that could last for 2-3 months. If the
Botox solution is prepared and dilution is done by someone other than the injecting
physician, it is the responsibility of the injecting physician to double check the
accuracy of the dilution before injecting the patient.

Side Effects of Botox Therapy in Chronic Migraine

Side effects that develop following Botox treatment of migraine are minor and tran-
sient. In the large PREEMPT study consisting of 1384 patients, temporary pain at
the site of injection, minor local bleedings (when the tip of the needle nicks a small
blood vessel), mild muscle weakness and eyelid drooping occurred in 2-6% of the
patients [39]. Drooping of the upper eyelid can last for several weeks, but in my
experience, can be easily avoided by careful placement of the thin needle into the
lower forehead muscles (procerus and corrugator—see Figs. 4.1 and 4.2), away
from the upper eye lid. PREEMPT authors reported no serious side effects, safety
and tolerability issues that concurred with the experience of clinicians in real-life
situations (not a clinical trial).

Several studies have compared the preventive effect of Botox therapy in chronic
migraine with the effect of two major headache preventive drugs, topiramate and
divalproex. Side effects were more common in topiramate and divalproex groups.
More patients in the topiramate and divalproex groups discontinued treatment due
to undesirable side effects than the group that received Botox (24% versus 7% and
27% versus 3% for topiramate versus Botox and divalproex versus Botox, respec-
tively) [50, 51].

Comparative data are now needed between CGRP inhibitors and Botox regard-
ing degree of efficacy, side effects and endurance of therapeutic effects. In one ret-
rospective observation over 6—8 months and after 2 cycles of Botox treatment
(3—4 months apart) more patients with erunumab (the most widely used CGRP
inhibitor) dropped out of the study compared to Botox (27% versus 3%) [52]. In
some patients of this study, and in a recent study adding erunumab to Botox (com-
bined therapy) improved efficacy of response and the patient’s quality of life and
[53]. According to a recent review, currently, the longterm safety data are only avail-
able for Botox and not for erumumab [54].

Episodic Migraine

The term episodic migraine defines headaches with a frequency of less than 15
times per month. Seven high quality, blinded Class I and II studies (see Chap. 3 for
definition of study class) assessed the efficacy of botulinum toxin therapy in epi-
sodic migraine. Three of the seven studies have used similar or higher doses than
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PREEMPT studies. All studies failed to show efficacy of botulinum toxin treatment
in episodic migraine. Based on these data, in 2016, the Development Guideline
Subcommittee of the American Academy of Neurology (AAN), defined botulinum
toxin treatment as ineffective in management of episodic migraine [55]. However, a
recent phase three quality study (see Chap. 3 for definition of research phases) has
shown that Botox is effective in reducing pain days and improving quality of life in
the high frequency tension headaches (11-13 pain days per month) [56].

Tension-Type Headaches

Tension Type Headaches (TTH) are the most common type of headaches with a
prevalence of 38% in the US population [57]. Compared to migraine, tension head-
aches are more often bilateral and associated with scalp tenderness and less often
associated with nausea and vomiting. Also, most tension headaches are less severe
than migraine. The prevalence of chronic TTH (15 or more headaches per month) is
similar to that of chronic migraine at 2% in the general population [58].

Treatment of TTH should start with behavior modification, psychotherapy and
biofeedback aiming at reducing stress. For chronic TTHs, amitriptyline is often
prescribed [58]. European guidelines also advocates the use of medications such as
venlafaxine and mirtazapine that reduce the function of serotonin and norepineph-
rine [59].

The literature on quality studies (controlled and blinded) in regard to botulinum
toxin therapy for TTHs contains contradictory data and is not convincing. In 2016,
based on these contradictory results, the Guideline and Assessment Committee of
the American Academy of Neurology stated the use of botulinum toxins in TTH
“probably ineffective” [55]. However a recent review of this subject [60] expresses
a different view. In this study [60], the authors performed meta-analysis on the data
derived from 11 reported quality studies [61-71]. Meta-analysis is considered the
most accurate form of statistical analysis; it merges and synthetizes the independent
data from different studies. The authors’ meta-analysis of literature in chronic TTH
concluded that botulinum toxin therapy significantly (P < 0.05) reduced intensity,
frequency, duration of headaches per day as well as the amount of the headache
medications needed to control severe TTH. The results of this single study, though
comprehensive, needs verification by future similar studies. The problem with the
literature in this area is that none of the reported quality studies used the dose and
treatment scheme of PREEMPT study which had proven effective in chronic
migraine and led to FDA approval of Botox for this indication. There is an urgent
need for such a study in chronic tension headaches using PREEMPT study design
which had proven successful for chronic migraine. At the present time, botulinum
toxin therapy is not FDA approved for treatment of tension-type headaches.
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Secondary Headaches

The international society of headaches classifies headaches into primary and sec-
ondary types. Primary headaches include migraine, episodic headaches and tension
type headaches. Secondary headaches are secondary to a defined cause such as head
injury or stroke. There is no population-based data on acute secondary headaches
[72]. In a selected population of 30,000 individuals 30 to 44 years of age, 2.14%
reported having persistent secondary headaches [73]. Approximately 14% of
patients with stroke complain of headache at the onset of stroke, while up to 50%
complain of headaches after bleeding inside the brain [74]. Brain tumor related
headaches occur in 5% of the patients and have no particular characteristics [75]. In
one study, 38% of soldiers returning from combat complained of headaches related
to head injury (post-traumatic headaches—PTH) [76]. Among patients with PTH,
18-22% continue to have headaches beyond 1 year after the head trauma [77].

A small group of published literature suggests that injection of botulinum toxin
into scalp, using the PREEMPT method as used for treatment of chronic migraine,
can alleviate persistent headaches after head injury. Zirovich and co-workers [78]
conducted a placebo-controlled and blinded study using Dysport injections in 40
patients with PTHs. Dysport is a type A botulinum toxin similar to Botox. The study
showed that the group receiving Dysport injection demonstrated a significant
decrease in headache days per week as well as a decrease in headache intensity
compared to the placebo group. The total dose of Dysport used was 387 units,
approximately equivalent to 150 units of Botox. Furthermore, in an open label study
(not placebo controlled) of 64 patients, the authors found that following Botox
injections into the scalp (using the PREEMPT method), 64.1% of 64 patients
reported significant improvement of post-traumtic headaches [79]. These encourag-
ing data warrant conduction of more in depth studies to define the role of botulinum
toxin treatment in patients suffering from persistent headaches after head injury.

Economic Issues

Several recent studies have shown that Botox treatment of chronic migraine (despite
high cost of Botox) is economically sound and advantageous for the patients. In a
study of 230 patients with chronic migraine [80], treatment with Botox over a
6-month period resulted in 55% and 57% reduction in emergency department visits
and hospitalizations, respectively. The investigators reported a cost reduction (sav-
ing) of $1219 per patient over the six-month period of Botox treatment. Furthermore,
Hepp and co-workers [81] have assessed headache-related health care utilization at
6, 9 and 12 months in a group of chronic migraine patients treated with Botox and
compared the results with a group of patients treated with oral migraine prophylac-
tic medications (OMPM). Using a regression analysis method (a form of statistical
method), they found that the group on Botox had 20%, 21%, and 19% less
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emergency department visits over 6, 9 and 12 months and also 47%, 48%, 56% less
hospitalizations compared to the OMPM group, respectively.

As described above, the newly introduced calcitonin gene related peptide
(CGRP) inhibitors are now widely used for treatment of episodic and chronic
migraine. Treatment of chronic migraine with these drugs, however, is more expen-
sive than treatment with Botox. A comparative report published in 2018 shows the
monthly cost of Botox treatment for chronic migrain as $ 310.52 versus $ 575 for
erunumab (the most commonly used CGRP inhibitor drug) [82].

Discussion

Since 2010 (the date of FDA approval), Botox has been the first line drug for treat-
ment of chronic migraine (CM) (15 or more headache days/month). It has proven to
be safe and it provides sustained efficacy over years of treatment [54]. With intro-
duction of CGRP inhibitors to the market (2018) (Table 4.1), the role of Botox as
the first line of treatment for CM has been challenged. These drugs, like Botox are
efficacious in CM, provide a sustained effect while possessing a low side effect
profile [83]. CGRP inhibitor therapy, however, is more expensive than treatment
with Botox in CM (see above). High quality studies are needed to compare the effi-
cacy of these two different modes of therapy in CM preferably providing longterm
data. Additional studies are also needed to assess the efficacy of other types of botu-
linum toxin A (for example Xeomin or Dysport) or botulinum toxin type B
(Myobloc) in management of chronic migraine. Finally, some studies have shown
that in recalcitrant cases of chronic migraine, combination of Botox and erunumab
(the most commonly used CGRP inhibitor) provides better results than each mode
of treatment alone [84]. There is a need for further exploration of this combination
therapy that may help patients with severe CM.
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Chapter 5
Pain Disorders other than Migraine

Abstract Following injection into the muscle or skin, botulinum toxin blocks the
release of pain transmitters and modulators and lead to reduction of pain perception.
Botulinum toxin treatment (with Botox) is now approved by FDA for treatment of
chronic migraine (Chap. 4). High quality studies have shown efficacy of botulinum
toxins in several pain syndromes including local pain in diabetic neuropathy, pain after
shingles (post-herpetic neuralgia), pain after trauma to the limb, face pain in trigeminal
neuralgia, heal pain in plantar fasciitis, non-surgical low back pain, pain associated
with Raynaud syndrome and deep buttock pain in piriformis syndrome. Preliminary
studies in several other pain syndrome have also demonstrated encouraging results. At
the present time, none of these potential pain indications are FDA approved.

Keywords Botulinum toxin - Botulinum neurotoxin - Pain - Diabetic neuropathy -
Neuralgia - Low back pain - Plantar faciitis - Raynaud syndrome

Introduction

Pain is the most common human medical complaint. International Association for
the Study of Pain (IASP) defines chronic pain as a pain that persists 3 months or
longer [1]. The prevalence of chronic pain in US is reported as 20% [2] comparable
with that of Europe (19%) [3], where the highest prevalence for pain (30%) is
reported for Poland [3]. Patient with chronic pain suffer from impaired quality of
life [4]. In US, a report published in 2011, estimated the cost of chronic pain man-
agement (including direct health care cost and lost productivity) ranging from 560
to 635 billion dollars annually [5].

In most patients, pain is generated from a noxious stimulus which irritates the
skin and peripheral nerves (peripheral pain). Central pain is uncommon. Less than
10% of pain experienced by the general population, is generated from a disease or
disorder of the central nervous system (spinal cord or brain). This central pain can
be seen is conditions such as stroke, multiple sclerosis or trauma to the brain or
spinal cord.
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In this chapter, we will briefly discuss the anatomy of pain pathways and the
biologic and chemical substances which are essential in initiation and maintenance
of pain. This will be followed by a brief description of animal studies that have
shown how botulinum toxins can reduce pain by inhibiting pain transmitters and
modulators. Finally, this chapter is predominantly devoted to discussion of the role
and potential of botulinum toxin therapy in different human pain conditions.

Anatomy of Pain Pathways

The nerves in the body are of two major types, motor or sensory. A third type, auto-
nomic nerves which consists of very thin fibers, deal with the function of the viscera
and glands. Sensory nerves convey sensations, including pain to the brain. Perception
of pain requires a cascade of events which includes four phases: transduction, trans-
mission, modulation and perception:

Transduction

In this first phase of pain pathway, a noxious peripheral stimulus (thermal, mechani-
cal, chemical) stimulates the peripheral sensory nerve endings which are scattered
in the skin, muscle and joints. Located on these sensory nerve endings, are small
receptors capable of sensing various types of the peripheral stimulation (heat, pres-
sure, chemical). These receptors which are called nociceptive (related to pain)
receptors are also present on the body of the central sensory nerve cells (neurons) in
the spinal cord. The pain which arises from damage to the tissue (skin, muscle,
joint) is called nociceptive pain, whereas the term neuropathic pain is applied to
pain arising from damage to a peripheral nerve or the sensory pathways in the cen-
tral nervous system.

Noxious stimulation of sensory nerve endings causes local secretion of several
chemicals from the nerve endings which elicit stimulation of specific pain receptors.
Furthermore, local tissue inflammation caused by accumulation of these chemicals
leads to more stimulation of the nerve endings resulting in peripheral sensitization.
Some of these chemicals such as histamine, bradykinin, Substance P and calcitonin
gene-related peptide (CGRP) are well known; several others are currently under
investigation.

Transmission

During this phase, electrical activity that is generated from stimulation of the above-
mentioned receptors travels along the sensory nerve. Sensory nerve fibers have dif-
ferent sizes. The fibers that convey the pain modality are thin (A-delta fiber) or very
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thin (C fibers). A-delta fibers conduct faster and are responsible for the short lasting
and very sharp initial pain felt after exposure to a noxious stimulus. Slow conduct-
ing, C fibers produce the less intense, but longer lasting pain that follows the initial
sharp pain (Fig. 5.1, lower right).

On the path of the sensory pain fibers from periphery to the cortex (where the
pain is perceived by cortical brain cells), there are three distinct sensory stations
(Fig. 5.1). Each sensory station contains nerve cells that receive sensory fibers from
the periphery and project their own sensory fibers more centrally to the next station
and toward the cortex. The first sensory station is located in the dorsal nerve root
close to the spine and is called dorsal root ganglion or DRG (Fig. 5.1, lower right).

The cells of DRG have a T shaped structure with a peripheral and central sensory
fiber (axon). The peripheral axon of DRG receives sensory information (including
pain) from the nerve ending via the previously described phenomenon of transduc-
tion. The central axon of nerve cell in DRG, enters the spinal cord, and connects
(synapse) with the second sensory neuron in the dorsal part of the spinal cord
(Fig. 5.1). The axon of this spinal sensory neuron crosses the cord and travels in the
opposite side up to the lower part of the brain (medulla and mid-brain) (Fig. 5.1)
where it gives collateral branches to a network of cells (reticular formation),
involved in pain modulation (colored blue in Fig. 5.1). Higher, deep in the brain the
sensory information from spinal nerve cells arrives in the third sensory station,
named thalamus (Fig. 5.1, upper section). The sensory cells of the thalamus are in
direct contact with the sensory cells of the cortex. There are several chemical agents
which are involved in pain transmission through to the central nervous system at
spinal cord, thalamus and cortex levels. The tree best known of these agents are
glutamate, Substance P and calcitonin gene-related peptide (CGRP).

Pain Modulation

Human cortex exerts some control over the incoming pain volleys to the cortex. This
is done through a descending sensory system which originates from the cortex and
makes multiple synapses (contacts) with the nerve cells scattered in the medulla and
midbrain within a netlike structure called reticular formation (Fig. 5.1). These cells
receive collateral connections from the ascending sensory fibers as they travel
within medulla and mid-brain toward the cortex. This modulatory effect is probably
a safety mechanism which protects the cortex from excessive stimulation. The
chemicals believed to be involved in pain modulation are noradrenaline (a hormone)
and serotonin.
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Fig. 5.1 Pain pathways. (From Steeds Anatomy and Physiology of Pain, Surgery (Oxford) 2016—
Reprinted with permission from Elsevier)

Pain Perception

The pain signals which reach the thalamus from the periphery reach three areas of
the cerebral cortex (a layer of cells that cover the brain) (Fig. 5.2): the somatosen-
sory cortex which is located in the parietal lobe and localizes the physical sensations
including pain, the limbic system consisting of a group of cells located in the medial
aspect of the temporal and the frontal lobes dealing with the emotional aspect of
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Fig. 5.2 Four lobes of the brain representing different functions. The lobe located in front of the
head is the frontal lobe. Posterior to that is parietal lobe that deals with sensations including pain.
The temporal lobe in in the temple region deals with memory and hearing among other functions

painful stimuli and the frontal cortex that processes meaning and cognition of noci-
ception (pain). The perception of pain therefore, involves multiple cortical struc-
tures which combine sensation, emotion and conscious thought.

A Brief Review of Animal Studies of Botulinum Toxins
in the Field of Pain

Over the past 30 years, a large number of animal studies have shown that injection
of botulinum toxins to animals can inhibit secretion of pain transmitters and prevent
or reduce the pain behavior. Although most of these studies have been performed
with onabotulinumtoxinA (Botox), studies with other type A toxins and with the
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type B toxin are also forthcoming (see Chaps. 2 and 3 for definition of different
botulinum toxins). These studies have demonstrated that botulinum toxins can
affect pain transmission via their influence upon nerve endings, dorsal root ganglia
(DRG) and spinal cord sensory neurons.

Nerve Endings and Peripheral Receptors

In formalin model of pain, injection of formalin into the rat’s paw causes severe
sharp pain which lasts for seconds and then a less severe pain that last longer, min-
utes to hours. The first peak of this pain is due to the acute irritation of nerve endings
by formalin, whereas the second pain represents the irritating effect of local inflam-
mation caused by formalin injection. Examination of the injected tissue (rat’s paw)
shows local accumulation of glutamate, a known pain transmitter and local presence
of inflammatory cells. Injection of botulinum toxin type A (Botox) and type B toxin
(Myobloc), 5 days before formalin injection, markedly reduces the inflammatory
peak of pain (second peak) and lowers accumulation of glutamate at the injected
tissue [6, 7].

Dorsal Root Ganglion

When cultured, nerves cells of dorsal root ganglia (DRG), the first sensory nerve
cell (neurons) (Fig. 5.1, lower right) which receive pain signals from the periphery,
secrets substance P, a pain transmitter. Adding Botox to this culture inhibits the
release of substance P from DRG nerve cultures [8].

Spinal Cord Sensory Neurons

It has been shown, in animals, that after intramuscular injection, the receptor protein
that receives Botox at nerve-muscle junction (SNAP 25, see Chap. 1 for more
detailed description) travels to the spinal cord and influences the spinal sensory
nerve cells (second sensory neurons which receive pain signals) [9]. Furthermore,
injection of botulinum toxin B into the paw of the rat reduces release of substance P
(a chemical pain transmitter) from the spinal neurons after formalin activation [7].

Several other studies, both in animals and in human, have shown that injection of
botulinum toxin into muscle or skin can diminish induced pain sensation by influ-
encing the pain transmitters at or above the spinal cord level [7, 10-15].
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Human Pain Syndromes

Botulinum toxins have shown efficacy after intramuscular or subcutaneous (under
the skin) injection in a variety of human pain syndromes. In this section, we will
describe those pain syndromes in which research from high quality studies has pro-
vided compelling evidence for their efficacy.

Chronic Low Back Pain

Low back pain is defined as a pain that occurs between 12th rib (last and the lowest
rib) and the end of the lumbar spine at the region of iliac crest. Epidemiological
studies have demonstrated that 75-80% of all people suffer from low back pain
sometime during their lifetime [16]. Chronic low back pain is defined as a low back
pain that lasts more than 6 months. Between 2% and 7% of patients with acute low
back pain develop chronic low back pain. Low back pain is a major burden to the
US and European economy with a disability rate of 11-12% [17].

Low back pain has different causes and can arise from ailment of different struc-
tures in the low back area. Lumbar spine consists of five bones (vertebrae) each
separated by a soft disc and wrapped by several layers of muscles and tendons
which maintain its stability. The spinal cord which is located inside the spinal col-
umn ends just above the lumbar spine but nerve fibers that supply motor and sensory
function of the legs emerge from the end of the spinal cord and travel to the legs
after passing between the five lumbar vertebrae. These nerve roots after leaving
lumbar column (vertebrae) join together and constitute the major nerve supply of
the leg. For instance, sciatic nerve is made from nerve roots that come from fourth
and fifth lumbar roots joining with the first three sacral roots (sacrum is part of the
pelvis).

Structural damage to the lumbar bones (trauma, tumor, infection) or herniated
discs can apply pressure to the nerve roots and cause low back pain. Congenital
spinal stenosis (narrowing) can also cause low back pain at some point in life. Low
back pain can also arise from tightness of the muscles that surround the lumbar
column. Sometimes these muscles on examination, demonstrate areas sensitive to
pressure which are termed trigger points (pressure upon them triggers pain).
Unfortunately, in most patients with chronic low back pain radiological procedures
such as CT scan or MRI do not disclose significant lesions (herniated disc or other
abnormalities) amenable to surgical remedy. Non-specific findings such as bone
degeneration are often found in the elderly’s individual examinations.

Management of chronic low back pain is a major medical challenge. A recent
review of this subject details pharmacological and non-pharmacological approaches
for treatment of low back pain [18]. Non-pharmacological approaches include
behavioural management, special exercises, massage, superficial heat, acupuncture,
yoga, Tai chi, operant (psychological) therapy and chiropractic manipulation.
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Pharmacological therapy starts with non-steroidal, anti-inflammatory drugs (aspi-
rin, tylenol, others). The American College of Physicians’ guidelines recommend
duloxetine and tramadol as secondary line of treatment for chronic low back pain.
When the pain is neuropathic (secondary to peripheral nerve or spinal cord damage,
often with a burning quality) gabapentin is recommended. Opioids are effective, but
due to their potential for addiction, should be kept as the last resort and used spar-
ingly. Lumbar epidural steroid injection may provide temporary pain relief, but
reinjections are often required. Radiofrequency sacroiliac joint stimulation and spi-
nal cord stimulation may provide temporary relief as well. Surgery is indicated in a
limited number of patients more often in patients with acute low back pain related
to herniated disc. Failure after surgery is not uncommon. The term failed back syn-
drome is used for low back pain continuing after surgery.

Botulinum Toxin Treatment of Chronic Low Back Pain

Botulinum toxin treatment of chronic low back pain is based on the premise that
intramuscular injection of botulinum toxin can relax the tense muscles by blocking
the release of acetylcholine from nerve terminals at nerve-muscle junction. As
described before, acetylcholine that is released from the end of peripheral nerves
activates the muscle leading to muscle movement and muscle contraction.
Furthermore, as described above, injection of botulinum toxin into the muscle or
skin can diminish or abolish pain by reducing the function of pain transmitters and
pain modulators. For these reasons, over the past 25 years, several investigators
have explored the efficacy of botulinum toxin therapy in chronic low back pain.
These studies were done with different toxins and under different protocols. Among
different studies, two high quality studies (albeit including small number of
patients), statistically produced significant improvement of chronic low back pain
not amenable to surgery. This research was conducted first at the Walter Reed Army
Medical Center at Washington DC and then was repeated, with the same design, at
the Yale University in New haven, CT.

Walter Reed-Yale Protocol

This protocol is based on the premise that in chronic low back pain not amenable to
surgery tightness of extensor back muscles (also called erector spinae-ES, Fig. 5.3)
plays a pivotal role in chronicity of pain. Increased tone of these muscles can be
seen in recording of these muscles electrical activity at rest by electromyography
and even sometimes, by palpation during clinical examination. Extension of the
spine results from the function a powerful muscle in the lumbar region called erec-
tor spinae (ES). Erector spinae is made from three long muscles that originate from
the base of the neck and after traveling through the upper back join together at level
of the upper lumbar region. The lower end of ES attaches to the pelvic bone
(Fig. 5.3). This single bulk of the three joined muscles (ES), extends and straightens
the spine. The Walter Reed-Yale protocol calls for five injections into the ES, one at
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Fig. 5.3 Major muscles of
low back: superficial layer
(ES-shown on the right);
deep layer; quadratus
lumborum (QL) and
multifidus (M) shown on
the left. The spinalis
(marked S), longisimus
(marked L) and iliocostalis
(IC) join at T12-L1 level to
form a single mass, the
erector spinae (ES) at the
lumbar region. (Drawing,
courtesy of Tahere
Mousavi. M.D.)

each lumbar level (L1 to L5). The injections are carried under the guidance of elec-
tromyography (EMG), a technique that monitors the electrical activity of the mus-
cle. The injections are performed with a special thin and hollow needle connected to
EMG unit and the syringe that contains the botulinum toxin. Patients are instructed
to extend their backs. If needle is inserted properly in the extensor muscle, the noise
of the muscle activity on EMG ascertains its proper placement into the extensor
muscle and the botulinum toxin is then injected through the same needle into
the muscle.

Using this technique, Jabbari and co-workers have investigated the effect of bot-
ulinum toxin injection into ES muscles via two double-blind, placebo-controlled
studies in patients with chronic low back pain [19, 20]. All patients had failed treat-
ment with three or more medications for low back pain previously and had low back
pain for more than 6 months. None had surgery and their CT or MRI showed no
significant lesion(s) requiring surgery. The first study was conducted with Botox on
27 patients at Walter Reed Army Medical Center in Washington DC [19]. The sec-
ond study was performed 10 years later at Yale University, using an identical proto-
col and technique on 33 patients [20]. The toxin used for the second study was
Dysport, another type A toxin similar to Botox (for definition of toxin types see
Chap. 3). Each unit of Botox equals approximately 2.5-3 units of Dysport. The first
study was on patients with unilateral, or predominantly unilateral, low back pain.
Patients received 40 units of Botox into the ES muscle at each of the 5 lumbar levels
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(total of 200 units). In the second study (Yale study), some patients had unilateral,
whereas others had bilateral low back pain. They received 100 units of Dysport
(approximately 40 units of Botox) into ES at each lumbar level. In unilateral low
back pain, the total dose of Dysport was 500 and in bilateral low back pain it was
1000 units.

The results of the two studies were almost identical. Significant pain relief was
reported by 52% and 54% of the patients who received botulinum toxin, respec-
tively. Majority of the patients in the toxin groups (but not in the placebo group) also
reported improvement of their quality of life. Patients who were injected with botu-
linum toxin did not experience any significant side effects (weakness of the back or
legs) in either of the two studies. A few patients (5%) developed a transient, mild flu
like syndrome lasting a few days which is expected to happen in small percentage
of patients after botulinum toxin therapy. In an open label study (not blinded),
Jabbari and his colleagues treated 75 patients suffering from chronic low back pain
with the same protocol over 14 months. Patients received botulinum toxin injections
for low back pain every 3—4 months. Again, over 50% of patients reported signifi-
cant pain relief. The positive effect of treatment was sustained over 14 months [21].
In a smaller study using Dysport and Walter Reed-Yale technique, authors reported
that 76% of patients who received Dysport reported significant pain relief after
3 weeks versus 20% of those who received placebo [22]. Another study with follow
up of 6 months also found injection of botulinum toxin in low back muscles was
beneficial to the patients for management of low back pain with a low incidence of
side effects (two patients reported mild pain at the site of injection) [23].

Other investigators who have not used Walter Reed-Yale Technique and used
lower doses of Botox did not report significant improvement of low back pain [24].
Likewise injection of deeper muscles of the back (quadratus lumborum and ilio-
psoas—see Fig. 5.3) with Botox failed to improve low back pain [25].

Patient Observation

A 65 year-old man who had experienced low back pain for several years was referred
to Yale Botulinum Toxin Clinic for evaluation. There was no history of back injury
or surgical intervention. The pain affected the low back in the mid-lumbar region
with no radiation to the lower limbs. A magnetic resonance imaging of the back
showed diffuse degenerative spine disease but no acute pathology. Treatment with a
large number of painkillers had not been helpful. The patient’s examination was
normal except for slightly increased muscle tone in the low back area. Since the
pain was predominantly on the right side, the patient was injected on the right side
only (Fig. 5.4). The injection was into the extensors of the spine (erector spinae
muscle) and performed at five lumbar levels. The dose of Botox was 40 units per
injection site for a total of 200 units. After a week, patient reported significant
improvement of his low back pain. Over a 3 year period of follow up, he received
Botox injections every 3—4 months and each time reported satisfaction with the
therapy. He experienced no side effects.
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Fig. 5.4 The site of
lumbar injections into ES
(erector Spinae-extensor of
spine). (Drawing courtesy
of Dr. Damoun Safarpour)

At present, using the criteria of the Guidance Development Subcommittee of the
American Academy of Neurology [26, 27] the efficacy for botulinum toxin therapy
is at level B (probably effective) based on two class II studies (high quality studies
with small size of cohorts). Based on these data, botulinum toxin therapy should be
considered for patients with chronic low back pain who are not candidates for sur-
gery and have repeatedly failed medications. It has to be done however by injectors
with considerable knowledge of back anatomy and botulinum toxin injection tech-
nique. It is currently not a FDA approved indication.

Pain After Shingles (Post-Herpetic Neuralgia (PHN))

Shingles (Herpes Zoster) results from reactivation of childhood chicken pox virus
in the later years of life. The disease starts with eruption of small vesicles over the
skin with a typical distribution pattern along the course of the nerve routes or periph-
eral nerves. Back, chest and limbs are commonly involved but, in some cases, erup-
tions occur on the face. In the early stage, when vesicles have erupted on the skin,
itch is the most disturbing complaint. After a few weeks, the vesicles dry up and
leave scars and cause skin discoloration. Some patients with shingles may develop
pain either during the acute phase or more often after skin lesions heal (post-herpetic
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neuralgia). The pain is often described as severe, sharp and jabbing and is felt in the
distribution of the involved nerves. In some patients, large parts of the body can be
affected. The percentage of patients who develop pain after shingles is highly
dependent on the age at the onset of their symptoms; it is 5% among individuals
younger than 60% and 20% among patients who are 80 years of age or older [28].
Severity of the initial pain, presence of another type of neuropathy at the time of
shingle’s skin lesions and slow clearance of shingle’s virus from the saliva also cor-
relate with higher incidence of post-herpetic neuralgia (PHN) [29-31].

Vaccination with the newer vaccine against shingles (Shingrix) is more than 90%
effective in preventing shingles and reducing the incidence of post-herpetic neural-
gia. Treatment with steroids can reduce the pain during the acute phase, but does not
reduce the incidence of developing PHN [32]. Early antiviral therapy (treatment
against shingle’s virus) reduces the risk of developing neuralgia after shingles [33].
Pain of shingles may last for months or even years and can severely incapacitate the
affected patient. Therefore employing a treatment approach with low side effect
profile is desirable in order to properly manage the post-herpetic neuralgia.

Treatment

Medical treatment of pain after shingles (PHN) consists mainly of administration of
painkillers (analgesics). These include the commonly used over the counter drugs
such as aspirin or acetaminophen or the types of painkillers that specifically pro-
mote pain inhibition in the central nervous system by enhancing the effects of the
powerful inhibitory neurotransmitter GABA (Gaba aminobutyric acid), abundantly
present at the junction of nerve cells (synapse). The major drugs in this category are
carbamazepine (Tegretol), pregabalin (Lyrica) and baclofen (Liorisal). In more
severe cases, a course of steroid therapy with prednisone may reduce the pain inten-
sity. Inducing nerve block by injection of anaesthetic medications such as lidocaine
into the sensitive skin regions, electrical stimulation of skin nerves or even spinal
cord electrical stimulation has been employed for management of recalcitrant pain
after shingles. Unfortunately, despite these medical measures, a sizeable proportion
of patients with shingles, continue to experience disabling pain and live with
impaired (often severely) quality of life. In some cases of shingles, poor response to
pain treatment may be a reflection of extension of shingle lesions beyond the nerve
roots and peripheral nerves. It has been shown that, not infrequently, the shingle’s
virus can travel from the peripheral nerves centrally and through the nerve roots into
the spinal cord. In many such cases, examination of the cerebrospinal fluid demon-
strates presence of the inflammatory cells indicating spread of the inflammation to
the central nervous system.
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Botulinum Toxin Therapy in PHN

Animal studies and studies of human volunteers have shown that injection of botu-
linum toxins into or under the skin alleviates experimentally induced pain [34, 35].
This pain relieving effect of the BoNTs is attributed to the inhibitory effect of the
toxin upon pain transmitters such as glutamate, substance p and Calcitonin Gene-
related peptide (CGRP) [36, 37].

Several studies have reported the efficacy of botulinum toxin treatment in
PHN. Among them are two high quality, double-blind, placebo-controlled, class I
investigations (see definition of study classes in Chap. 3) that have demonstrated
substantial improvement of pain in a high percentage of patients after injection of
botulinum toxin injection under skin at painful areas [38, 39]. One study used Botox
and the other a Chinese Botulinum toxin A (Prosigne) similar to Botox. In each
patient, 12-20 sites were injected. Botulinum toxin therapy also improved patients’
sleep in patients with PDN. The patients in the toxin group also used less opioids for
pain control. This experience is shared by several other investigators who found
similar results in the open label (not blinded) observations [40, 41]. In a recent
study, investigators found that injection of botulinum toxin into the skin relieved
pain both during the active phase of the infection and after infection (PHN), but it
was more effective in the latter (PHN) [42]. Another study, through meta-analysis (a
sophisticated statistical method), compared the effectiveness of botulinum toxin
therapy injection with lidocaine injection in a group of patients with
PHN. Investigators of this study, reviewed data from 7 high quality reported studies
on this subject comprising 742 patients. They found that the efficacy rate (analgesic
effect) was significantly higher in the group that had received botulinum toxin injec-
tions. There was no difference between the two groups regarding adverse effects [43].

The injections are given through a short (3 in.), thin (gauge 30) needle. Since
injections are uncomfortable due to skin sensitivity, an anaesthetic cream (Emla)
may be applied an hour before the injections. The skin may be further numbed by
an anaesthetic spray during the injections. The Botox dose per injection site is small,
2.5-5 units, for a total dose of 20-200 units depending on the extent of skin involve-
ment. The pain relieving effect of Botox appears in 3-5 days and can last for 3 or
more months. If shingles involves the face, the dose and number of injections need
to be limited to a minimum in order to avoid facial weakness. This is, however, an
uncommon side effect since the dose per site is small usually 2-2.5 units and injec-
tions are superficial. The facial weakness, if it develops, is mild and usually disap-
pears within 2-3 months.

Sample Case

A 62-year-old female presented with severe pain behind the left ear of nearly 2 years
duration. Two years ago, she had developed shingles which was characterized by
skin lesions in the back of the head and behind the left ear. The affected area was
painful and the pain was intensified by the passage of time. She described the pain
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as jabbing and stabbing, resulting in loss of sleep, causing marked apprehension in
anticipation of the next bout. Some episodes were described as “torture and unbear-
able.” Treatment with a medication against herpes virus (acyclovir) improved the
skin lesions but did not alter the pain. More severe bouts of pain were followed by
disabling headaches. Painkillers such as gabapentin, pregabalin and oxycodone
(narcotic) offered little help.

The patient was referred to Yale University Botulinum Toxin Clinic where her
examination showed residual scars of zoster infection behind her left ear. The skin
in this area was sensitive to touch. A total of 48 units of Botox was injected in a
grid-like pattern under the skin, behind the left ear, at 16 points (3 units/point), using
a thin 30-gauge needle (Fig. 5.5). The Botox dilution was 100 units per 2 cc of
saline. Patient reported a sharp drop in pain frequency and intensity 5 days after the
injections. The pain then completely disappeared at week 2 post-injection, but grad-
ually returned at 2.5 months post-injection. Over the next 2 years following the first
treatment, patient received Botox injections every 3—4 months. During the third
year, pain relief after Botox injections lasted 6 months. In her last follow up (4 years
after the first treatment), she had no pain for 9 months and the returned pain was
described as subtle and insignificant. She was very pleased with the outcome.

Trigeminal Neuralgia (TN)

This term applies to facial pain that is felt in the distribution of trigeminal nerve.
The trigeminal nerve, the fifth cranial nerve (one of 12 cranial nerves that supply the
eyes, tongue, throat, head and face), is a pure sensory nerve. It supplies sensation of

Fig. 5.5 Site of Botox
injections for the above
described patient with
post-herpetic neuralgia.
(Drawing, courtesy of
Damoun Safarpour M.D.)
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the upper, middle and lower face regions. Face pain in TN is sharp, jabbing and
short lasting often occurring several times during the day and unnerves the patient.
It is usually felt on one side of the face sparing the forehead. In some cases, pain
radiates to the gums and inside the mouth.

Trigeminal neuralgia is usually a problem of middle or old age and rarely affects
young people. The age of onset in most patients is between 50 and 60 years. It has
a prevalence of 4/100,000 in the US [44]. If a young person develops TN, multiple
sclerosis or a tumor at the base of the brain (brain stem) should to be suspected.
Among older individuals, the cause of TN in some patients is compression of a
small blood vessel against the trigeminal nerve deep in the brain, Treatment is medi-
cal or, in some cases surgical. Medical treatment includes medications which are
commonly used for treatment of epilepsy that slow down sensory nerve conduction
and have analgesic effect. The commonly used such drugs are phenytoin, carbam-
azepine (tegretol), gabapentin (neurontin), pregabaline, levitracetam and lamotrig-
ine. Although partially effective, side effects are not uncommon (dizziness, nausea,
confusion) leading to unsuccessful longterm use.

The most popular surgery for TN is called microvascular surgery. In this proce-
dure the surgeon opens the back of the skull and separates nerve from the culprit
blood vessel that pressing against it. It is effective, but the pain can recur after sev-
eral years. Furthermore, the surgical procedure is a major task with potential serious
side effects such as loss of hearing and balance. Radiofrequency stimulation and
Gamma knife surgery are also performed with some degree of success in patients
with TN. Peripheral nerve electrical stimulation, deep brain stimulation and tran-
scranial magnetic stimulation are under investigation. In a few patients, focused
ultrasound relieved the pain by causing microlesions deep in the specific sensory
part of the brain [45].

Botulinum Toxin Treatment

Two high quality class I (see definition in Chap. 3), double-blind, placebo-controlled
studies have demonstrated the efficacy of botulinum toxin therapy in management
of trigeminal neuralgia [46, 47]. Both investigations used a Chinese botulinum toxin
type A similar to Botox (Prosigne). Prosigne’s units are believed to approximate
Botox’s units. The investigators in both studies injected the involved skin of the face
in a grid-like pattern at 12—16 sites. Injections not only improved pain but also sig-
nificantly improved the patients’ quality of life. One of these two studies [47] com-
pared the results of low dose (25 units) with high dose (75 units) of Prosigne for
pain relief in TN. The authors concluded that 25 units is as effective as 75 units for
pain relief and suggested using the low dose of 25 units in order to avoid facial
weakness. The author of this chapter has injected 8 patients suffering from TN with
Botox using a method similar to that described above. Five of the eight patients
experienced a satisfactory response.
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Fig. 5.6 The sites of
Botox injections in
author’s patient with
trigeminal neuralgia.
(Drawing, courtesy of
Tahereh Mousavi, M.D.)

Sample Case

A 41-year old female complained of severe, intermittent jabbing pain in the left face
for 9 months. The pain involved mainly the middle of the face, but often radiated to
the left ear. It lasted 5-30 s, but recurred frequently, sometimes 5—10 times/day.
Treatment with different painkillers offered no relief. Patient stated the sharp pain
often depresses her as there seems to be no remedy for it. Injection of Botox into the
left side of her face at 12 points (2 units per point- Fig. 5.6) resulted in marked
reduction of pain frequency (from 3 to 4/day to 1 to 2/month). The recurring pain
was considerably lighter in intensity compared to its predecessors. Repeated injec-
tions every 4 months had the same effect.

Diabetic Neuropathy(DN)

Neuropathy means a diseased peripheral nerve. Diabetes can damage peripheral
nerves and cause diabetic neuropathy. Diabetic neuropathy affects 25-26% of indi-
viduals with type 2 (late onset) and 16% of individuals with type 1 (early onset)
diabetes [48]. Patients with DN complain of pain, numbness and, in advanced cases,
weakness in the feet or hands. These symptoms are more prominent in the lower
limbs. The skin in the affected areas is sensitive to touch (hyperesthesia) and some-
times touch evokes pain (allodynia). Pain may develop spontaneously and interfere
with patients’ rest and sleep. The pain of diabetic neuropathy has the characteristic
of a neuropathic pain. Neuropathic pain is sharp and burning and is often associated
with allodynia (skin sensitivity to touch). Areas most commonly affected in diabetic
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neuropathy are top of the foot and toes. Painful diabetic neuropathy (PDN) affects
20-24% of the patients with diabetes [49].

On examination, the patients often demonstrate decreased sensations to heat,
cold, touch and position in the affected limbs. Diabetic neuropathy is usually bilat-
eral and involves both sides. The symptoms are more severe in the distal parts of the
lower limbs, feet and toes. There may be discoloration of the skin overlying the
affected areas.

Treatment of diabetic neuropathy consists of avoiding sugar, lowering blood
sugar levels with medications and treating pain when present. Mild cases of painful
neuropathy can be managed by over the counter pain killers, whereas more severe
cases require prescribed medications with recognized efficacy in neuropathic pain
syndromes. Gabapentinoids (gabapentin, pregabalin), tricyclic antidepressants
(amitriptyline), as well as serotonin and norepinephrine reuptake inhibitors (SNRIs)
(duloxetine, venlafaxine) are generally accepted as the first line of drugs for PDN
[50]. Canadian guidelines (Diabetes Canada-DC) recommends pregabalin to be
used before other agents [51]. Sodium channel blockers, such as carbamazepine,
oxcarbazepine, lamotrigine, and lacosamide are also recommended by AAN as
additional first line drugs [52]. Unfortunately, despite availability of the above-
mentioned drugs for neuropathic pain, recalcitrant pain in DPN is not uncommon
and when present, impairs the patients’ quality of life significantly.

Botulinum Toxin Therapy for PDN

Efficacy of botulinum toxins against pain in PDN has been investigated in four
double-blind, placebo-controlled studies [53-56]. Injections were performed with a
thin and short needle (less than 1 in. in length, gauge 27.5 or 30) in a gride-like pat-
tern covering the dorsum (top) of the foot (Fig. 5.7). The number of injected sites
varied from 12 to 15 in different studies. Some studies used Botox, whereas others
used Dysport. Dysport is another type A botulinum toxin similar to Botox. However,
the unit strength of the two toxins is different. As described earlier, each unit of
Botox approximates 2.5-3 units of Dysport. The dose per injection site was small,
2.5-5 units for Botox. In one study, toxin therapy not only improved pain but also
improved the patients’ sleep and quality of life [55]. In another recent study [57],
injection of 30—100 units of Botulinum toxin A into calf muscles or flexors of the
toes significantly improved muscle cramps in PDN, an effect that persisted for
20 weeks with repeated injections (every 3—4 months).

Plantar Fasciitis

Plantar fasciitis is related to damage to the plantar fascia (PF) from repeated trauma.
Repeated trauma (running, certain sports and jobs) can cause micro-tears in the
plantar fascia with concurrent inflammation. Plantar fascia is a superficially located
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Fig. 5.7 Technique of skin
injection for painful
peripheral neuropathy in
diabetic patients (Yuan and
coworkers) [53]. Injections
were performed on both
feet. (Drawing, courtesy of
Damoun Safarpour, M.D.)

Plantar fasciitis
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Fig. 5.8 Planter fascia and the area of pain (in red) in plantar fasciitis. (Courtesy of Mayo
Foundation)

layer of fibrous tissue (just under the skin of the sole of the foot) that connects the
medial part of the heel to the base of the toes (Fig. 5.8). It is thickest, close to its
origin at the heel and it thins out as it approaches the toes. When it gets close to the
toes, plantar fascia divides into five segments each connecting to the base of one toe.
Under the PF, are located three muscles that flex the toes, one for three middle toes,
one for the big toe and one for the small toe.

Damaged plantar fascia causes pain that is felt most often in the heel(s), but also
sometimes at the bottom of the feet. Pain can be felt during exertion or after a period
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of rest. It can be severe, impair the quality of life and interfere with sleep. In many
patients, stopping the culprit activity (running, long distance walking, heavy lifting)
improves the condition and the pain gradually subsides. Other patients with plantar
fasciitis, however, may continue experiencing pain despite stopping the responsible
activity or a job that requires continuing heavy foot works such as football or run-
ning. Plantar fasciitis affects 10% of all runners and over two million people in the
US [58].

Treatment of PF starts with simple measures such as stretching, taping, night
splints, orthosis, non-steroidal, anti-inflammatory medications. In more persistent
cases, steroid injections, ultrasound therapy, application of shock waves, acupunc-
ture and cryosurgery (with freezing probes) are used. Unfortunately, the positive
effect of these measures is often short lived. Furthermore, some of these therapeutic
approaches are painful and hard to tolerate (i.e. shock wave therapy), while injec-
tion of steroids may cause rupture of the plantar fascia and make the situation more
complicated. Clearly, an effective and safe treatment approach with less side effects
is desirable for management of severe forms of PF.

Botox Treatment of Plantar Fasciitis (PF)

In 2005, author of this chapter and his colleagues conducted and published the
results of the first prospective, placebo-controlled, double-blinded investigation on
the efficacy of Botox in plantar fasciitis at the Walter Reed Army Medical Center
(WRAMC) in Washington D.C. [59]. Twenty-seven patients with plantar fasciitis
and chronic symptoms (lasting >6 months) completed the study. Study subjects
received either Botox (70 units) or placebo (saline), 0.7 cc into two sites: (1) medial
part of the heal(s), origin of plantar fascia 40 units of Botox or 0.4 cc of saline (2)
into the bottom of the foot, at mid-point, between the heal and base of the toes (if
Botox 30 units, if saline 0.3 cc) (Fig. 5.9).

Efficacy of the treatment was measured at 3 and 8 weeks following injections.
The group that received Botox injections improved in several measures compared to
the placebo: Maryland Foot Score (P = 0.001), Pain Relief measured by Visual
Analog Scale, on the scale of 0-10 (P < 0.0005), and the Pressure Algometry
Response (P =0.003); in clinical research; P scores of less than 0.05 are considered
statistically significant. No side effects were noted. Later, our group found through
experience that adding an additional injection into the soleus muscle which is often
tight in plantar fasciitis leads to more alleviation of pain (Fig. 5.10).

In 2010, Huang and co-workers [60], using a similar technique and a total dose
of 50 units (Botox), reported very similar results in a blinded study of 50 patients
with plantar fasciitis. Diaz-Llopis and coworkers [61] compared the efficacy of
Botox injection in plantar fasciitis with a combined steroid (betamethasone) and
lidocaine injection in plantar fasciitis. One month after injections, both groups
described pain relief which was more notable among patients who had received
Botox. At 6 months post-treatment, patients who had received Botox were still satis-
fied with the level of pain relief, whereas patients who had received steroids
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Fig. 5.9 Recommended
sites of Botox injection in
plantar fasciitis [59].
(Drawing, courtesy of
Tahereh Mousavi, M.D.)

experienced recurrent pain. Similar result regarding superiority of Botox to steroid
was noted in another comparative study where, in addition to heal injection authors
also injected into the soleus muscle [62]. In 2017, improvement of pain and foot
function was reported in patients with PF following Xeomin (another type of botu-
linum toxin A similar to Botox) injections into the painful sites of the foot [63]. The
units of the Botox and Xeomin have approximately the same strength. In a more
recent study [64], investigators compared the result of Botox injection with injec-
tion of an steroid (dexamethasone) or an anesthetic (lidocain) in patients with plan-
tar fasciitis. Six months after injection, all three treatments improved pain in planter
fasciitis and there was no significant difference between the three. This study did
not include additional soleus injection. Considering the results of the studies cited
above, botulinum toxin A (Botox or Xeomin) injections can relieve pain in plantar
fasciitis and this treatment seems to be more effective than steroid injections if
injection of the soleus muscle is included among the injection sites. Botox treatment
seems to be safer and has less side effects than steroid therapy.

Sample Case
A 73 year-old man had noted discomfort at the bottom of his feet, 7-8 years prior to

a visit to the Yale Botulinum Toxin Treatment clinic. He was an avid tennis player
who felt the most foot discomfort on the days that he played longer games. The
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Fig. 5.10 Soleus muscle
can be injected on the back
of the calf. The injector
should avoid injecting
Achilles tendon (colored
white below soleus) which
easily ruptures. (Figure
from Gray’s anatomy
provided by Wikimedia
under Creative Commons
Attribution-Share Alike 4.0
license)

discomfort gradually changed to pain which was felt at the heels and around the
medial part of both feet. Over the years, he had tried a variety of treatments includ-
ing stretching, orthosis, night splints, non-steroidal anti-inflammatory drugs, ses-
sions of acupuncture and steroid injections. The latter two had helped some, but the
results were short lived. He stated having more “bad” days recently during which
the heel pain was severe and quite uncomfortable.

His neurological examination was normal. Botox was injected into both feet
using the methodology described above. A total of 70 units was injected —40 units
close to the heel and 30 units at the bottom of the foot (Fig. 5.9). Within days, the
patient reported significant improvement of his heel pain; the pain relief lasted for
7 months. The second treatment also produced pain relief for 7-8 months. For the
third and fourth treatments, an additional 30 units of Botox was injected into the
soleus muscle which is located at the back of the lower leg and flexes the foot down
via its attachment to Achilles tendon (10). It is often found to show increased tone
in patients with PF. The third and fourth injections provided longer pain reliefs
(9—10 months). Patient reported no side effects.
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Pain After Trauma to the Peripheral Nerves
(Post-traumatic Neuralgia)

Trauma to the peripheral nerves can cause sustained pain in the distribution of the
injured nerves that sometimes, due to the intensity of pain, incapacitates the patient.

Case Report

A 56-year-old woman was referred to the Yale Botulinum Toxin Treatment Clinic
for evaluation of severe post-traumatic neuralgia and to be considered for BONT
treatment. Twelve years earlier, her car was forcefully rear-ended when she braked
hard in order to avoid hitting a car in front of her. The accident heavily bruised her
right ankle and the lateral aspect of her right foot. The foot and ankle continued to
ache and an area of intense allodynia (touch perceived as pain) developed over the
lateral malleolus (bone at the ankle) extending up to the lower leg. A large number
of medications failed to improve either the pain or the local allodynia. The most
recent medications included gabapentin, pregabalin, tramadol, capsaicin ointment
and coltran gel. In patient’s own words: “The physical, emotional and psychological
impact of my chronic pain defies description. Everynight, I have to take tylenol,
advil, ambien, apply ankle soak, topical pain cream and heat wrap in order to be
able to sleep. With all this, many nights I am unable to sleep due to persistent pain.
Even the pressure of sheets, would cause the pain to flare up—sleeping on my side
is impossible.”

On examination, muscle strength was normal, but foot movements were slow
and intensified the ankle pain. A large area of allodynia (tough causing pain) and
hyperesthesia was present including the lateral aspect of the right foot extending
10 cm above the right ankle. The most intense allodynic region was over the lateral
malleolus extending to 5 cm above the ankle (Fig. 5.11).

OnabotulinumtoxinA (ona-A) was injected subcutaneously into the dorsolateral
aspect of the right foot (50 units; 20 sites—grid pattern) including the region of
lateral malleolus. Patient reported 30% reduction of pain (VAS score went down to
7 from 10) a week after the first injection and 90% decrease after the second injec-
tion, 3 months later (VAS score went down to 1-2) 6 months later. Patient state that
the effect after the second injection was astounding. “I stopped taking gabapentin
and using pain wrap at night. I can now wear high heal shoes and clothes that rub
against my ankle. I am looking forward to wearing boots for the first time in 12
years.” An examination 3 months after the second injection showed marked reduc-
tion of allodynia which was now much less intense and limited to only a small area
above the lateral malleolus.

Based on anecdotal observations such as the patient described above, and the
animal studies that illustrated the analgesic effect of botulinum toxins in animal
models [6-15], investigators began to assess the efficacy of botulinum toxin
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Fig. 5.11 Site of Botox
injections for post-
traumatic neuralgia. Darker
dots illustrates areas of
more intense pain. (From
author’s personal
collection)

injections in human post-traumatic painful neuropathies through high quality stud-
ies. In 2008, Dr Ranoux and co-workers from France [65] studied 25 patients using
a double-blind, placebo-controlled protocol. Patients had both surgical and non-
surgical trauma to a single peripheral nerve. Botox injection were performed into
the skin with a small needle over the area of pain at 20 points, 1 cm apart. The total
dose per session ranged from 20 to 190 units based on the extent of the painful
areas. The pain intensity started to decrease from 2 weeks post-injection in favor of
Botox (versus saline/placebo) and the improvement lasted until week 14 (P = 0.03).
No patient reported any side effects except seconds of pain at the time of injection.
In 2017, the same group [66] looked at efficacy of repeated Botox injections in 64
patients (34 in BoNT group, 32 in saline group) with neuropathic pain at three
research centers. Patients had two injections, 12 weeks apart. The method of injec-
tions was the same as that of the first study. The patient’s response was evaluated at
4,6, 12, 16 and 24 weeks after the first injection. Compared to placebo, self-reported
pain intensity was significantly decreased after week 1 following after Botox injec-
tion and remained significantly decreased in each of the subsequent weeks through
the duration of the study. The results of these two studies strongly support the use-
fulness of Botox injections into the skin in patients suffering from severe pain after
trauma to the peripheral nerves.

Neuropathic Pain Secondary to Spinal Cord Injury

Han and coworkers [67] investigated the effect of BoNT injection in 40 patients
who suffered from chronic neuropathic pain following spinal cord injury. The study
was double-blind and placebo-controlled assessing the effect of 200 units of a South
Korean type A botulinum toxin (Meditoxin, South Korea). The toxin was delivered
in a checkerboard pattern under the skin at the region of pain. At 4 and 8 weeks
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post-injection, 55% and 45% of the patients reported pain relief of 20% or greater
in the toxin injected group versus 15% and 10% in the placebo group. The quality
of life was also improved more in the toxin injected group. No motor or sensory
deficit was noted after botulinum toxin injections. Chun and colleagues [68] repli-
cated these results in a smaller number of eight patients with local pain after spinal
cord injury at lower thoracic and upper lumbar areas. In their study, Botox injec-
tions under the skin were also compared with the saline injections. The total injected
dose of Botox was 200 units.

The above mentioned human observations on the analgesic effect of BoNT ther-
apy for post-traumatic neuralgia in neuropathic pain after spinal cord injury are
supported also in animal models of spinal cord injury with post-traumatic neural-
gia [69].

Piriformis Syndrome (PS)

Piriformis syndrome is a clinical condition characterized by deep pain in the buttock
related to tightness of piriformis muscle which is located deep in the buttock under
gluteal muscles (large buttock muscles). Tightness of the triangular piriformis mus-
cle can cause pain deep in the buttock due to its proximity to the roots of the sciatic
nerve. The pain of piriformis muscle can be confused sometimes with low back pain
due to a dislocated disc in the spinal column or with sciatica that results from irrita-
tion of the sciatic nerve itself in the thigh.

Diagnosis of piriformis syndrome is often difficult due to complexity of the
involved anatomy. In mild cases, treatment with non-steroidal analgesics is helpful.
For recalcitrant pain more aggressive treatment is required.

Botox injection into piriformis muscle has been shown to improve pain resulting
from the piriformis syndrome. The largest placebo-controlled, blinded study was
conducted by Fishman and co-workers who compared the results of Botox, lido-
caine and placebo injections into the piriformis muscle of patients affected by
PS. After injections, pain relief was noted in 67%, 32% and 6% of the three groups,
respectively [70]. The technique of injection is laborious and needs to be performed
under electromyographic guidance to ensure proper insertion of the injecting nee-
dle. Electromyography records the electrical activity of the muscle and, in case of
piriformis syndrome, often demonstrates abnormal increased activity of this muscle
at rest. For injection, a special hollow needle is used that both records the muscle
activity and allows injection of botulinum toxin through its core. Unlike for most
indications of botulinum toxin therapy that utilize a short needle (% to 1 in.), a long
needle, 4.5-5 in., is needed for injections in PS in order to reach the deeply located
piriformis muscle (Fig. 5.12). For Botox, usually a dose of 100 units is delivered in
a single injection.
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Fig. 5.12 Technique of
botulinum toxin injection
into the piriformis muscle.
(Michel and co-workers
2013 [71]—Reproduced
under https://
creativecommons.org/
licences/by/4.0. Courtesy
of publisher Elsevier
Masson SAS [71])

In a recent double -blind, placebo-controlled study of 84 patients, authors com-
pared the results of botulinum toxin injection (under ultrasound guidance) with
combined injection of ozone and steroids into the priformis muscle. Both effectively
reduced the pain days after injection, but combination of ozone and steroid had
more analgesic effect in short term. However, botulinum toxin analgesic effect sur-
passed the effect of combination therapy at 3 and 6 months [72].

There are several other pain syndromes in which there is scientific evidence for
efficacy of botulinum toxin therapy. These include pain in arthritis, muscle pain
associated with stroke, pain associated with involuntary neck movements (cervical
dystonia), bladder and pelvic pain and pain associated with certain childhood sur-
geries. These are discussed in other chapters of this book.

Conclusion

Neuropathic pain (NP) comprise a large group of pain disorders that results from
disturbance of peripheral nerves by trauma, pressure, infection and other factors.
Less commonly, neuropathic pain is due to spinal cord injury (central pain).
Although FDA has not yet approved botulinum toxin therapy for any of the catego-
ries of neuropathic pain discussed in this chapter, evidence from high quality studies
strongly suggests efficacy of botulinum toxin therapy in several NP categories. In
clinical medicine, insurance companies sometimes approve the use of a non-FDA
approved drug based on strong evidence presented from published high quality
(double-blind, placebo-controlled) studies.
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Chapter 6
Botulinum Toxin Therapy
for Complication of Stroke

Abstract Stroke is the most common cause of disability in the US. Many compli-
cations of stroke are managed sub-optimally by currently available therapies. This
chapter discusses the role of botulinum toxin therapy in management of stroke-
related symptoms such as spasticity, muscle spasms, painful postures, abnormal
movements (dystonia), bladder dysfunction and drooling.

Keywords Stroke - Botulinum toxin - Botulinum neurotoxin - Spasticity - Muscles
spasm - Dystonia - Bladder dysfunction - Drooling

Introduction

Stroke is due to occlusion or rupture of a blood vessel in the brain. Occlusion of a
blood vessel acutely deprives a part of the brain from nutrients and oxygen, whereas
rupture of a vessel destroys the brain tissue and replaces a part of the brain by a
blood clot. Close to 90% of all strokes are caused by occlusion of a blood vessel.
Brain’s function is highly dependent on its blood supply which provides brain with
oxygen. Brain uses oxygen more than any other organ in the body. Brain cells are
very sensitive to lack of oxygen which can result in their death within a few minutes.
Each year, over 800,000 people in the US suffer from stroke [1]. Stroke is the fourth
cause of mortality world -wide and the first cause of adult disability in the US [2].

Acute impairment of brain function or lack of it leads to a variety of neurological
deficits. The type of deficit depends on the region of the brain affected by stroke. In
small strokes recovery may be quick and sometimes complete. Unfortunately, many
strokes result in a sizeable deficit with incomplete recovery despite the best medical
treatment.

The most common and often the most disturbing of all mishaps after a stroke is
impairment of muscle function. Depending on the severity of the stroke, the after-
math of most strokes is some degree of muscle paralysis. The function of our mus-
cles is based on the nerve signals that they receive from the brain. In human, the
brain is extremely well developed and has a larger size per body weight compared
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to much larger primates. Human brain contains approximately 86 billion nerve cells
(neurons) and almost the same number of non-nerve cells (supporting cells-glia)
[3]. The most superficial layer of human brain is called cortex. Cortex, which is only
3—4 mm thick, consists of 26 billion nerve cells. Many of these cells are located in
the motor region of the cortex which governs the motor function and controls the
muscles (Fig. 6.1).

The large nerve cells that are located in the motor region of the cortex send the
motor command through their long processes (axons) to another motor cell in the
spinal cord and then to the muscle. This is unlike the cells in the sensory system that
covey the sensory signals from the skin to the brain. In the sensory system, at least
two other sensory cells (one in the spinal cord and one higher up inside the brain)
are contacted before the peripheral sensory signal reaches the sensory cortex. Each
motor cell has one axon, a long fiber that conveys the message of the cortical nerve
cell to motor cells in the spinal cord. The axons of the motor cells in the spinal cord
convey the motor message to the muscle. Each axon of spinal cord motor cell when
approaching the muscle divides into several branches; each branch connects to one
muscle fiber. The point of contact between an axon and a muscle fiber is called
neuro-muscular junction. A neuromuscular junction has an axon part and a muscle
fiber part with a cleft between the two structures (synaptic cleft) (Fig. 6.2). Since
botulinum toxins relieve many muscle-related symptoms through their action on
neuromuscular junction, the structure of neuromuscular junction and mechanism of
muscle activation is described in more detail below.

The end of each axon (axon terminal) contains many vesicular structures, filled
with a chemical called acetylcholine (Fig. 6.2). Acetylcholine is one of many

Fig. 6.1 The primary motor area is the most posterior and the primary sensory area is the most
anterior part of frontal and parietal lobes, respectively. (Reproduced under free use license PDM
1.0 deed, public domain, courtesy of www.modup Flickr)
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Fig. 6.2 Neuromuscular junction—the end of the motor axon (axon terminal) which faces the
muscle fiber contains vesicles that contain acetylcholine (AC). (From Barreda and Zhou 2011.
Reproduced under https://creativecommons.org/licenses/by/2.0/)

chemicals that are considered neurotransmitters. This particular neurotransmitter’s
main function is conveying the nerve message to the muscle. The motor command
from a cortical nerve cell travels along the axon to the periphery in form of an elec-
tric signal. When the nerve signal from the brain reaches the axon terminal next to
the muscle, it activates a set of proteins in the axon terminal. Activation of these
proteins ruptures the vesicular structures and releases their content (acetylcholine)
into the synaptic cleft [4]. The released acetylcholine attaches itself to muscle recep-
tors (located on the surface of the muscle), excites, activates and contracts the mus-
cle fiber.

In stroke, in addition to paralysis which is the result of loss of nerve cells, degen-
eration and death of many axons and their terminal connections to muscle fibers
results in a cascade of complicated events that leads to significant increase of tone
in the weak muscle. This increased tone leads to stiffness of the muscle and causes
further functional disability. The increased tone of the muscle which is often associ-
ated with increased reflexes is called spasticity.

Spasticity is a major handicap among patients who have suffered from stroke.
Between 20% and 40% of patients with stroke develop spasticity within 1-6 weeks
after the onset of stroke. Spastic muscles have limited range of motion and lack
speed of function and precision. In the lower extremities, spasticity interferes with
proper balance and ambulation. The severity of spasticity after stroke increases over
time [5].

Why, after stroke the muscles of a weak limb gradually develop increased tone
and become spastic has been the subject of extensive research. Brain both excites
and inhibits the muscle activity through a set of complex mechanisms. Hence,
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Fig. 6.3 Contracted and
spastic muscles leading to
contracture and loss of
finger function

enhanced excitation or reduced inhibition both can cause abnormally increased
muscle tone and muscle spasticity. We have mentioned above the chemical acetyl-
choline that is present at nerve endings and upon release, excites the muscle.
Inhibitory fibers that influence the muscle, work through their own inhibitory chem-
ical (transmitter). Currently, there is strong evidence to support that disruption of
these inhibitory fibers, via tissue damage caused by stroke, plays a major role in
development of spasticity [6].

Spasticity is not a benign complication of stroke. In addition to impairing bal-
ance and interfering with ambulation and promoting fall, spastic muscles can con-
tinue to harden and end in a state of continued contraction (contracture) leading to
pain and immobility if not properly treated (Fig. 6.3). The muscles affected by con-
tracture are also disfigured and are aesthetically unpleasant for the patient and oth-
ers to look at.

Treatment of Spasticity

Most stroke specialists advocate aggressive treatment of spasticity as soon as it
develops. Specialized physiotherapy such as induced movement therapy, stretching,
dynamic elbow-splinting and occupational therapy offer some help and can delay
development of contracture to some extent.

A large number of medications are used for reducing the tone in the spastic
muscles, among which, baclofen, benzodiazines (valium), tizanidine and dantrolene
are the most commonly used. These medications, although partially effective, are
beset by undesirable side effects which limit increasing their dose to the required
optimal level (Table 6.1).

In severe lower limb spasticity, specially when it is severe, pharmacological
treatment is often not very effective. Insertion of baclofen pump can reduce lower
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Table 6.1 Medications commonly used for treatment of spasticity [7]

Medication | Dose Side effects

Valium 2-10 mg, 3—4 times daily Drowsiness, sedation, impaired balance,
drop in blood pressure

Baclofen 5 mg 2 to 3 times daily if needed, Drowsiness, nausea, muscle weakness,
increase by 5 mg up to 50-60 mg daily | confusion and in high doses seizures

Tizanidine | 2-4 mg daily every 6-8 h. If needed, Sedation, drop in blood pressure, liver

increase to 12 mg, 3 times daily toxicity
Dantroline |25 mg once daily, maximum dose: Drowsiness, weakness, fatigue, liver
100 mg 3 times daily toxicity

Because of danger of significant toxicity, higher doses of these medications need to be prescribed
by experienced physicians and monitors closely

limb spasticity [8]. This is an involved procedure that requires insertion of a small
pump surgically into the abdominal wall. A catheter that emerges from the pump
delivers a carefully titrated amount of baclofen into the cerebrospinal fluid (flowing
inside the spinal canal) of the patient. This treatment requires facilities with experi-
enced surgeons to insert and titrate the dose of baclofen in the pump. Inappropriate
titrations can lead to severe side effects such as seizures and depressed level of
consciousness. Other non- pharmacological treatments of spasticity include repeti-
tive electrical stimulation of the nerves and magnetic stimulation of the motor cor-
tex with a specially designed magnet [9]. Both procedures have a modest effect and
are uncomfortable for the patient.

Botulinum Toxin Treatment of Spasticity

Botulinum toxins inhibit the release of acetylcholine from nerve ending; acetylcho-
line is an agent that normally activates the muscle and. in abnormal conditions, may
intensify the muscle contraction. This unique function makes the botulinum toxins
effective therapeutic agents for treatment of hyperactive muscle disorders including
spasticity. The commercially available toxin preparations are now used widely for
treatment of a variety of neurological disorders [10].

As described earlier in Chap. 3, of the nine recognized serotypes of botulinum
toxins, only types A and B are of clinical use due to their long duration of action
(3—6 months). This long duration of action after a single injection is an advantage
over oral medications which need to be taken daily. Three type A toxins with the
trade names of Botox, Xeomin and Dysport are approved by FDA for use in the US
for treatment of spasticity. One type B toxin, Myobloc, is approved by FDA and is
currently available in the US market. The doses of these toxins are not comparable
or interchangeable; in clinical and comparative studies, the following approxima-
tions are used:

Each 1 unit of Botox = 1 unit of Xeomin = 2-3 units of Dysport = 40-50 units of
Myobloc.
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Spasticity not only pertains to stroke but can also be seen after brain and spinal
cord trauma, in association with multiple sclerosis and in children with cerebral
palsy. Following a large number of animal studies that showed reduction of muscle
tone in animal models of spasticity after intramuscular injection of botulinum tox-
ins, significant interest has developed among neuroscientists, neurologists, physio-
therapists and pediatricians for investigating the role of botulinum toxins in human
spasticity. Early investigations focused on the role of botulinum toxin therapy in
upper limb spasticity. These investigations looked at many facets of upper limb
spasticity and aimed to answer many questions:

Can injection of Botulinum toxin (Botox, Xeomin, Myobloc, Dysport) into spastic
muscles reduce muscle tone in human and improve the patient’s quality of life?

Does reduction of spasticity of hand, forearm and shoulder muscles relieve the bur-
den of caregivers and help physical therapy?

In other indications of botulinum toxins therapy such as involuntary, hyperactive
muscles of face and neck, improvement lasts 3—4 months after muscle injection(s).
Is this the case with spasticity?

Face and neck muscles are commonly injected with botulinum toxins for other FDA
approved indications such as cervical dystonia, blepharospasm and hemifacial
spasm discussed in Chap. 8 of this book. Because of the size of limb muscles
which are considerably larger than face or neck muscles, larger doses of botuli-
num toxins are needed for injection into spastic limb muscles. Is injection of
these higher doses in one session (for Botox up to 500 units or more) safe and
devoid of serious side effects?

When spasticity after stroke involves both upper and lower limbs, how high of a
total dose of botulinum toxin is safe when both limbs are planned to be injected
in one session?

Over the past 20 years, a large number of high quality studies (double-blind,
placebo-controlled) have answered these questions.

Spasticity of Upper Limb Muscles After Stroke

Many high quality studies (double-blind, placebo controlled) have been published
on the effects of botulinum toxins on spasticity of upper limb muscles; some of
these studies include sizeable number (in hundreds) of subjects. The results of these
studies and their conclusions have been published in several reviews [11-14]. These
studies collectively demonstrate that botulinum toxin injections into the tense and
spasticity stricken muscles of stroke subjects, reduces muscle tone, eases physical
therapy and improves the patients’ quality of life. Most patients are satisfied with
botulinum toxin therapy and prefer this mode of treatment over taking large doses
of daily medications. Serious side effects in spasticity studies were y rare and the
toxin therapy was considered, in general, safe and practical. Based on the positive
results of these studies, FDA first approved the use of Botox for treatment of upper
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limb spasticity in 2010. Subsequently, with availability of further studies, FDA
approved the other two type A toxins, Xeomin and Dysport for treatment of upper
limb spasticity in 2015.

Botulinum Toxin Treatment for Lower Limb Spasticity

Lower limb spasticity after stroke can be very disabling. Spasticity adds to muscle
weakness in stroke patients, limits leg movements and adds to difficulty with ambu-
lation. High quality studies in lower limb spasticity have shown reduction of tone
and improvement of quality of life after botulinum toxin therapy. Many studies have
clearly demonstrated that botulinum toxin injections into the leg muscles of patients
with stroke improve ambulation. Based on availability of these high quality studies,
FDA approved the use of Botox and Dysport for lower limb spasticity in adult and
children in 2014 and 2017, respectively. In children, cerebral palsy and degenerative
disorders of the central nervous system are the most common causes of lower limb
spasticity. Dysport was the first botulinum toxin approved for treatment of lower
limb spasticity in children (FDA approval, 2016). Botox was approved for spasticity
of children by FDA in 2020.

One of the most feared complications of spasticity after stroke is development of
muscle contracture. Contracture is loss and shortening of muscle fibers and replace-
ment of muscle by non-elastic connective tissue. Contracture leads to total loss of
muscle function and joint deformity. There are now reports from high quality stud-
ies that indicate injection of botulinum toxin into the muscles shortly after stroke
can delay development of contracture and even prevent it in some patients [15-17].
According to one study, treatment of muscles with botulinum toxin is best effective
if it is done within the first 3 months after stroke [18].

Technical Issues in Botulinum Toxin Treatment
of Stroke Spasticity

All four of FDA approved botulinum toxins in the market (Botox, Xeomin, Dysport,
Myobloc) have shown efficacy in treatment of post stroke spasticity, though the data
on Myobloc (type B toxin) is still limited compared to the other three toxins [19]. In
case of Botox, Xeomin and Dysport, the powder form of the toxin (provided in a
small vial) needs to be mixed with salt water (saline) before injection. Myobloc
(type B toxin) is marketed in an already prepared solution form. Injections are often
guided by electromyography (EMG), a device that identifies muscles by their elec-
trical activity pattern. Also, location of the muscle can be identified by nerve stimu-
lation. A nerve stimulator stimulates a nerve which is known to serve a certain
muscle and, by doing so, identifies the muscle (muscle moves in response to the
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stimulation). Ultrasound is a more precise way to localize and clearly visualize the
muscles [20]. This technique, however, requires a fair amount of expertise and the
equipment is considerably more expensive than a small hand held EMG device.

Upper limb spasticity more often involves muscles that flex the joints. For
instance, involvement of biceps muscle leads to abnormal flexion of the arm, a posi-
tion that can interfere with dressing and use of the arm for other activities of daily
living. This is often associated with wrist spasticity (flexed wrist) and sometimes
with forced flexion of fingers causing “clenched fist.” (Fig. 6.4a) The latter two,
when severe enough, can make the involved hand non-functional. In the lower limb,
abnormal flexion of the knee or foot interferes with standing and ambulation.
Flexion of the knee results from spasticity and high tone in the large hamstring
muscles located on the back of the thighs. Botulinum toxin injections are usually
carried into two to four sites for large muscles (Fig. 6.4a, b).

The units of toxin used per muscle depend on the size of the muscle (Table 6.2).
The effect of botulinum toxin injection appears within 3—7 days (muscles loosens)
and the peak effect comes in 3—5 weeks. The toxin effect usually lasts for 3—4 months.
Reinjections are required every 3—4 months to keep the spastic muscle in the state
of reduced tone. It has been shown that with repeated injections, spasticity reduces
and patients’ satisfaction rate increases. In one study [21], patients satisfaction rate
from the initial of 47.4% rose to 66.6% after repeated injections.

In clinical practice, in order to achieve best results, botulinum toxin therapy is
often combined with physioerapy. Concurrent pharmacological therapy with anti-
spastic drugs such as baclofen or tizanidine (Table 6.1) may be required in cases of

Fig. 6.4 (a) Biceps and (b) Hamstring
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Table 6.2 Approximate doses of Botox or Xeomin with approximately comparable units per
muscle, per side for some of the commonly injected muscles in stroke spasticity

Muscle Dose in units (Botox or Xeomin) per muscle
Biceps 60-100

Triceps 60-100

Wrist flexors 40-50

Hamstring (knee flexor-back of the thigh) 60-200

Quadriceps (knee extensor-front of the thigh) 50-100

Gastrocnemius (foot flexor-back of the leg) 40-80

For Dysport the dose can be multiplied by 2.5-3 times and for Myobloc multiplied by 40-50 times

severe spasticity. Unfortunately, in elderly patients, these medications often cause
undesirable side effects, the most disturbing among them are sedation and depressed
level of consciousness On the contrary, botulinum toxin injections do not cause
sedation or depress the level of consciousness. During the Covid era, restriction of
contacts forced some patients who were receiving botulinum toxin therapy for post-
stroke spasticity to discontinue treatment. In one study [22], 72.2% and 70.9% of
the patients following discontinuation of botulinum toxin therapy, reported signifi-
cant worsening of spasticity and deterioration of the quality of life, respectively.

In some patients, after stroke, both upper and lower limbs show significant
degree of spasticity impairing the patient’s quality of life. In such cases, treatment
of both limbs with botulinum toxin for spasticity is justified. However, injection of
both upper and lower limbs in one session requires larger amount of botulinum
toxins especially if large thigh muscles are involved in spasticity. This raises the
question of what constitutes a safe amount of toxin to inject in one session.

Currently, FDA recommends not to exceed 600 units of Botox or Zeomin per
injection session (2.5-3 times more for Dysport). It has been shown that treatment
with 600 units of Botox in one session is safe as side effects are few and insignifi-
cant [23]. However, for some years now, investigators have wondered if this upper
limit is too restrictive and injecting a larger dose would be safe. Addressing this
point, Dr. Wissel and his colleagues have published the results of a combined
European-American investigation on 155 patients with spasticity in whom doses of
Xeomin (a botulinum toxin A with units similar to Botox) were escalated over sev-
eral months from 400 to 600 and then, ultimately, to 800 units per session of treat-
ment [24]. They found that increasing the dose was more efficacious in reducing
spasticity, but did not increase the percentage or severity of side effects. The main
side effects were diarrhea and minor throat infections, noted in 5% of the patients.
The higher dose allowed treatment of both upper and lower limbs in one session and
improved the patients’ quality of life. Although, more studies are needed to justify
the high dose toxin therapy in spasticity, publications by expert panels already sup-
port the use of higher doses of Botox for certain cases of combined upper and lower
limb spasticity [23, 25].

Development of antibodies after repeated botulinum toxin injections, specially
when using large doses of the toxin has been a concern to clinicians and researchers
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alike. The so-called neutralizing antibodies, when they develop, can potentially lead
to cessation of the response in some patients. However, research in patients who
received repeated injections of Botox has found that these patients developed only
a low level of antibodies (0.3%) [26]. Furthermore, it has been shown that in many
patients development of neutralizing antibodies do not correspond to development
of unresponsiveness (specially in case of type B toxin). In the study of Wissel et al.
[24], none of the patients who were treated with high doses of Botulinum toxin-A
(800 units) developed antibodies. Furthermore, the use of Xeomin (a type A toxin
similar to Botox with comparable unit strength) do not lead to antibody formation
due to lack of antigenic proteins. Bakheit et al. [27] also found no antibodies to
botulinum toxin after treatment of 27 patients with high doses of the toxin.

Spasticity can have age and gender specific hazards: In women, severe spasticity
of lower limbs when involving the adductor muscles (muscles that bring the thighs
together) can interfere with urination and sexual function. In children, severe spas-
ticity of adductor muscles can lead to dislocation of the hip and necessitate perfor-
mance of corrective surgery.

Botulinum Toxin Therapy for Pain Associated with Stroke

Muscle pain is a common complaint in patients who develop spasticity after stroke.
Pain is often measured on a scale of 0—10 (visual analogue scale/VAS). A value of
over 4 is considered to represent a pain severe enough to interfere with daily activi-
ties. In a Canadian study, Dr. Shaikh and his colleagues found that 65% of their
patients with post-stroke spasticity had associated muscle pain [28]. The pain was
more noticeable during movements. Most patients (80%) believed that their muscle
pain was related to their stiff, spastic muscles. Following Botox injections, 62% of
the patients reported pain relief within days after injection.

Immobility of the joints after stroke, caused by muscle paralysis, often leads to
joint degeneration with subsequent chronic joint pain. As described in Chap. 4,
botulinum toxins in addition to acetylcholine, also inhibit the function of a variety
of pain transmitters. This inhibition of pain transmitters occurs in the peripheral
nervous system as well as in the central nervous system as the molecule of the toxin
travels from the site of injection to the spinal cord and influences the sensory cells
that convey pain sensation to the brain. Injection of Botox (and other toxins) into the
joints has been shown to alleviate joint pain in several kinds of joint problems [29]
(Chap. 12 of this book on orthopedic indications). Chronic joint pain after stroke,
specially pain in the shoulder joint, has been shown to diminish after botulinum
toxin injections into the involved joint.
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In some patients with stroke, excessive drooling becomes an annoying problem.
This is because secreted saliva cannot be cleared from the mouth due to the paraly-
sis of the facial muscles (usually on one side). In such patients, reduction in saliva
production would be helpful. It has been shown in both animals and human that
injection of Botox and other botulinum toxins into the salivary glands (parotid, sub-
maxillary—Fig. 6.5) reduces the production of saliva [30] (Fig. 6.6). This is because
the chemical that conveys the nerve signal to the salivary glands and initiates secre-
tion of saliva is acetylcholine; the same chemical that activates the muscle. As was
discussed in earlier, botulinum toxins inhibit the release of acetylcholine at the
nerve endings.

Parotid gland, the largest of the three salivary glands, is located at the angle of
the jaw, a few millimeters under the skin (Fig. 6.6) and is the main target for this
treatment. Parotid injections are done with a very small needle, preferably gauge 30.
A penetration of 4-5 mm is sufficient. Usually 2—4 sites are injected within the
gland, preferably under ultrasound visualization of the gland. However, since ultra-
sound machines are expensive, many clinicians inject parotid without using the
ultrasound machine. Experience of the author of this chapter has shown that even
without direct visualization of the gland, the yield of procedure is high and majority
of patients express satisfaction after blind injection. Injections take less than a min-
ute and are associated with little discomfort. Numbing the skin is not necessary.
Injections need to be repeated every 3—6 months.

Details of saliva secretion, anatomy of salivary glands and effects of botulinum
toxins on saliva production are presented in Chap. 14 of this book.

Fig. 6.5 Salivary glands.
(Reproduced with
permission of Mayo
foundation)

Salivary glands
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Fig. 6.6 Injection of Dysport (botulinum type A) even in a small dose blocks the secretion of the
saliva from the parotid gland. (From Mazlan and co-workers. Courtesy of MDPI publisher
Reproduced under (http://creativecommons.org/licenses/by/4.0/))

Movement Disorders After Stroke

A variety of involuntary movement can develop after stroke either due to damage to
critical brain areas or due to damage to muscles that receive their nerves from the
brain. Many patients with stroke demonstrate weakness of half of the face on the
side of limb weakness. The weak eyelids or facial muscles sometimes develop both-
ersome and persistent involuntary twitches. Injection of small amounts of Botox
into these muscles with a fine needle often suppresses the lid or facial movements
for 3—4 months.

Dystonia is a movement disorder characterized by twisting and turning, flexion
or extension of a joint leading to abnormal postures. Dystonia may develop after
stroke affecting the muscles opposite to the side of brain damage. In stroke patients,
dystonia is often mixed with spasticity. Dystonia is one of the most responsive
movement disorders to botulinum toxin therapy [10].

Conclusion

Introduction of botulinum toxin therapy to clinical medicine has revolutionized the
management of stroke related spasticity. Treatment of spastic muscles after stroke
with botulinum toxins is effective and has improved the patients’ quality of life.
Recent data indicates safety of this treatment even with relatively high doses (up to
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800 units for Botox or Xeomin). Botulinum toxin therapy also relieves the pain
associated with spasticity or chronic joint pain in the paralyzed limb as well as
reducing drooling. At the present time treatment of spasticity (after stroke, head and
spinal cord injury and in children with cerebral palsy) constitutes one of the largest
practices of botulinum toxin therapy in the US and worldwide.
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Chapter 7
Botulinum Toxin Treatment in Multiple
Sclerosis

Check for
updates

Abstract According to the latest data from the National Multiple Sclerosis Society
(2019) nearly one million people live in US with this disease annually. The disease
process destroys the nerve fibers in the spinal cord and brain myelin substance
resulting in motor and sensory problems. Injection of botulinum toxins into the stiff
muscles of patients with multiple sclerosis reduces the muscle tone and improves
muscle function. In patients with bladder dysfunction, injection of botulinum toxins
into the wall of the bladder decreases abnormal urges to urinate and regulates blad-
der function. Involuntary and painful muscle spasms in MS patients, can be subdued
by injection of botulinum toxin into the affected muscles.

Keywords Multiple sclerosis - Botulinum toxin - Overactive bladder - Neurogenic
bladder - Spasticity - Muscle spasms

Introduction

World-wide, multiple sclerosis affects over three million people and is considered
the most common cause of disability in the young [1]. In 2019, a study funded by
National Multiple Sclerosis Society reported that approximately one million people
affected by multiple sclerosis live in US [2]. The people in the north of US living in
colder climates, women and whites are more affected than others. The estimated
total economic burden of MS in US was $85.4 billion in 2019, with a direct medical
cost of $63.3 billion and indirect and nonmedical costs of $22.1 billion. The average
per-person annual medical costs was $65,612 [3].

In the late nineteenth century, a famous French neurologist by the name of
Charcot was the first to describe, in detail, the symptoms and the pathology of mul-
tiple sclerosis. Multiple sclerosis damages both motor and sensory nerve fibers.
Motor fibers originate from brain cells and go to the muscles while the sensory
fibers convey sensations from skin to the brain. These nerve fibers normally have a
protective sheath on their surface that enhances the conduction of electrical signals
flowing in them both away and towards the brain. This sheath of tissue that covers
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the nerves is composed of a specific fat called myelin. Multiple sclerosis is, there-
fore, considered one of the diseases that specifically destroys myelin and, hence,
called a demyelinating disease. Loss of myelin leaves scars in the brain and/or spi-
nal cord and slows the nerve conduction. These scars (plaques) are easily detectable
by modern imaging techniques such as Magnetic Resonance Imaging (MRI).
Currently, MRI is the most useful diagnostic device used to confirm or support the
diagnosis of multiple sclerosis (Fig. 7.1). The scars or plaques (areas of lost myelin)
of MS are often multiple and occur at different levels of the central nervous system
within the brain and/or spinal cord (multiple sclerosis). One can also use the changes
that takes place in the composition of the cerebrospinal fluid (CSF) to confirm the
diagnosis of MS. Cerebrospinal fluid is produced in the brain and flows inside the

Fig. 7.1 Multiple brain lesions in a patient with multiple sclerosis. The lesions, white patches,
marked by arrows in the brain slices on MRI, represent abnormal areas of the brain devoid of
myelin. (From Trip and Miller 2005, reproduced with permission from publisher (BMJ group) [4])
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spinal canal, all the way from the upper neck to the low back area. To test CSF, a
small amount of this fluid is removed for examination by a procedure called spinal
tap. For spinal tap, after numbing the skin, a needle is placed at midline between two
low backbones (vertebral bodies) in the lumbar area. In most patients with MS,
examination of CSF shows an elevation of certain specific proteins
(immunoglobulins).

Multiple sclerosis can cause a variety of symptoms depending on the location of
the lesions [5]. A large number of patients complain of motor symptoms, such as
sudden weakness or even total paralysis of one limb. Others may have sensory
symptoms, often described as tingling and numbness affecting some part of the
body. Sudden onset of diminished or even total loss of vision in one eye is also a
frequent complaint. Symptoms of MS fluctuate in intensity, disappear and reappear
over time. In chronic cases, plaques accumulate in the brain or/and spinal cord and
lead to permanent loss of function.

The cause of multiple sclerosis is still not fully understood. In current scientific
thinking, multiple sclerosis is defined as an “autoimmune disease”. Our immune
system normally protects us against germs like viruses or bacteria. When body is
exposed to foreign invaders, immune system sends a group of fighter cells to attack
and destroy the invaders. Usually, the immune system can differentiate between
one’s own cells and foreign cells. In an autoimmune disease, the immune system
mistakenly attacks the cells and organs of one’s body. The damage to nervous sys-
tem in multiple sclerosis is believed to be due to an immune disorder which is asso-
ciated with an abnormal reaction of lymphocytes (certain blood cells).

In the past two decades, significant strides have been taken to find drugs that
work against these immune reactions while aiming to arrest progression of MS and
prevent appearance of new lesions in the brain and/or spinal cord. Several newly
discovered drugs have succeeded to slow the course of multiple sclerosis and pre-
vent appearance of new lesions in the central nervous system. The most successful
of these are drugs known as disease modifying antibodies (DMA). Several of these
drugs are now FDA approved; Alemtuzumab, Ofatuzumab and Ublitucimab seems
to be the most effective among DMAs. These drugs can slowdown progression of
MS and, in many cases, prevent appearance of new lesions in the brain and spinal
cord. Unfortunately, DMAs are very expensive costing a sum of $ 34,000 per person
per year [3]. Furthermore, despite their effectiveness, still a large number of patients
with MS are left with permanent disabilities due to multiple damages sustained
within brain and spinal cord over years. Among these disabilities, stiffness of mus-
cles (spasticity) and/or dysfunction of bladder can significantly impair the patients’
quality of life. As discussed in Chaps. 6 (stroke and spasticity) and 10 (botulinum
toxin therapy in bladder dysfunction), botulinum toxin injections have a significant
potential to improve spasticity and bladder dysfunction regardless of the cause.
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Botulinum Toxin Treatment of Spasticity in Multiple Sclerosis

In multiple sclerosis, similar to other disease conditions that damage the brain and
spinal cord (stroke, trauma), muscles gradually weaken and show increased tone,
become stiff and spastic. In many patients with MS, this spasticity can be quite
severe and can interfere with the activities of daily living. The spastic muscle often
remains contracted resulting in impaired timing and precision of movements. Using
fingers and hands for eating, washing, shaving, dressing and any other fine move-
ments becomes exceedingly difficult. In the lower limbs, spasticity adds to weak-
ness and impairs balance. Adductor muscles of the thigh (muscles that bring the
thighs together) often show marked spasticity in multiple sclerosis [5]. As a result,
sustained contraction of these muscles keeps the thighs stiffly together, a position
that impairs normal leg movements and disrupts ambulation. The affected patients
complain of poor balance and frequent falls. In women, severe adductor spasticity
can lock the thighs together, interfere with sex and disrupt urination.

As time goes by, the spastic muscles become painful to move. The ensuing
immobility leads to replacement of muscle fibers by non-elastic tissue, a condition
that is termed contracture. Muscles affected by contracture are often shortened and
non-functional.

The drugs that treat spasticity including baclofen, tizanidine and valium often
have undesirable side effects such a confusion and sedation. In severe cases of spas-
ticity, especially if it predominantly involves the legs, baclofen can be delivered to
the body through a baclofen pump. Use of baclofen pump is an involved procedure
requiring insertion of a catheter into the spinal canal through which baclofen is
continuously delivered into the spinal fluid. The procedure requires collaboration
between an expert neurosurgeon, neurologist and a trained nurse who could do care-
ful titration of the drug. Miscalculations can lead to overdosing, leading to serious
complications such as suppressed level of consciousness and seizures. Other severe
cases of spasticity can be treated by injection of phenol into the nerve that supplies
the tight and spastic muscles. Phenol injections are effective but reserved for very
severe cases when all other means fail since such injections destroy the nerve per-
manently. Pharmacological treatments of spasticity are usually combined with
physical therapy that includes passive and active exercises. It is believed that 80%
of the patients with multiple sclerosis will experience spasticity of muscles some
time during their lifetime. In a large US registry of patients with multiple sclerosis,
72% of the patients demonstrated moderate to severe spasticity on examination [6].

Currently, four globally marketed botulinum toxins are approved by FDA for use
in the US. Three of these toxins are type A (Botox, Xeomin and Dysport) and one
toxin is type B (Myobloc-called Neurobloc in Europe). For detailed description of
toxin types and information on toxin characteristics, the reader is referred to Chaps.
2 and 3 of this book. Although the units of these four toxins are not exactly compa-
rable, the following approximations are used in clinical practice and clinical
research: 1 unit of Botox = 1 unit of Xeomin=2.5 to 3 units of Dysport = 40-50 units
of Myobloc.
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Botulinum toxin treatment (with Botox and other toxin brands) provides a rea-
sonable alternative to pharmacotherapy for moderate to severe spasticity of multiple
sclerosis. In general, botulinum toxins have less side effects than anti-spasticity
drugs. As described in more details in Chaps. 2 and 3 of this book, botulinum toxins
decrease the tone of the muscle and relax it via blocking the release of acetylcholine
at the junction of nerve to muscle. Acetylcholine is a chemical that upon reaching
the muscles allows the electrical nerve signal enter to the muscle and activate it.

In 1990, Dr. Snow, a Canadian investigator and his colleagues reported that
injection of Botox into the adductor muscles of the thigh (muscles that bring the
thighs together) significantly reduced the spasticity and improved hygiene in seven
out of nine patients with multiple sclerosis [7, 8]. A total of 400 units of Botox was
divided among three thigh adductor muscles. Following this pioneering observa-
tion, several subsequent high quality studies with much larger number of patients
(some in hundreds) have supported the value of intramuscular injection of botuli-
num toxins in reducing spasticity of muscles in multiple sclerosis [9-14].
Furthermore, long-term observations over several years have shown that repeated
injections at every 3—4 months are well tolerated and the satisfactory effects contin-
ues over months and years of treatment. These studies have also shown the safety of
botulinum toxin therapy for treating of MS-related spasticity. Comparative observa-
tions have shown that MS-related spasticity is as responsive as any other form of
spasticity to the botulinum therapy and the effective dose per muscle in multiple
sclerosis is comparable to that used for spasticity caused by medical conditions
other than MS such as stroke, spasticity after brain and spinal cord trauma. For this
reason, botulinum toxin therapy is now among the first lines of treatment for spas-
ticity in multiple sclerosis.

Technique of Injection

The injection technique for spastic muscles in multiple sclerosis is very similar to
what has been described in Chap. 5 for spasticity in stroke. The size of the muscle
and the degree of tightness of the muscle determine the dose. The dose is delivered
in units. In the upper limbs, for small muscles of the forearm and hand, the dose
varies from 5 to 20 units per muscle, whereas, larger muscles (i.e. biceps) may
require up to 100 units (for Botox or Xeomin, multiply by 2.5-3 for Dysport and by
40-50 for Myobloc.) Large muscles of lower limb (s) may require larger doses. For
instance, severe spasticity of hamstring (the large muscle in the back of the thigh
that flexes the knee) may require 150-200 units (Botox). The injecting needle is thin
and short for upper limb muscles but longer needles may be required for larger
muscles of the lower limb. Injections are delivered at two or three sites into the
larger muscles, using anatomical landmarks for identifying nerve-muscle junctions
where injections are most effective. For small muscles of the forearm (flexors of
fingers or wrist) the muscle may need to be identified by electromyography (record-
ing electrical activity of muscle), nerve stimulation or ultrasound.
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Recent studies have shown that larger doses of Botox or Xeomin of up to
800 units, can be injected in one session (into 3—5 muscles), without any serious
side effects [15, 16]. Side effects include local pain at the site of injection for a few
minutes, minor transient bleeding, and a mild, transient flu like reaction experienced
in 5-10% of the patients. It should be remembered that toxin preparation needs to
be done by trained personnel and injections should be carried out by experienced
injectors familiar with the muscle anatomy and proper technique of injection. Dose
miscalculations can lead to serious side effects such as total paralysis and may
endanger patient’s life. The effect of botulinum toxin injection into spastic muscles
becomes evident in 2—-5 days and peaks at 2-3 weeks. The muscle relaxing effect of
the toxin can last 3—4 months, and then, needs to be repeated for sustainability. This
effect is to a large degree, dose dependent considering the size of the muscle and
degree of muscle tightness. Long-term data, up to 15 injection cycles (every
3—4 months) are now available and attest to the safety of botulinum toxin therapy in
multiple sclerosis [11, 14].

Case Report A 32 years-old female with multiple sclerosis was referred to the
Yale Botulinum Toxin Clinic for treatment of severe spasticity of the thigh muscles.
For several years, she had suffered from severe tightness of her thigh muscles, the
overactivity of which pulled her thighs constantly together. This issue worsened
during walking, and impaired her balance. Over years, she had also noticed more
difficulty in urination. Oral medications provided modest relief.

On examination, the adductor muscles of the thigh, close to the groin (Fig. 7.2a)
very very tight. She was injected with Botox into adductors—150 units/side at two
points (Fig. 7.2b). After a week, she reported marked relaxation of her thigh

Pectineal line Pectineal fine
Pectineus

Adductor bravis

Adductor longus

Adducior magnus

Drake: Gray's Anatomy for Students, 2nd Edian,
Copyright © 2008 by Churchill Livingstone, an imprint of Elsevier, Inc. All rights resanved

Fig. 7.2 (a) Three adductor muscles of the thigh that bring the thighs together; short (brevis), long
(longus) and large (magnus) (From Drake Anatomy for students reproduced with permission from
Elsevier). (b) Common sites of botulinum toxin injection for adductor muscle spasticity
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muscles allowing her to stand and walk better with less fear of falling. Moving in
bed became easier and she slept better. Movement of the thighs was no longer pain-
ful. Hygiene related tasks were carried out with more ease and comfort and her
urination improved. The satisfactory effects of Botox lasted for 3 months. Repeated
injection 3—4 months sustained relaxation of thigh muscles over a follow up period
of 5 years.

Botulinum Toxin Therapy for Bladder Problems
in Multiple Sclerosis

Many patients with multiple sclerosis develop a variety of bladder problems as the
disease progresses. Bladder, as the organ of urine storage and emptying, functions
mainly with three muscles. The major bladder muscle that controls storage and
emptying functions of the bladder is called detrusor muscle. This muscle that
spreads over nearly all of the bladder wall can expand during urine storage. When
the volume of urine in the bladder reaches a certain level, sensory nerves of the
bladder signal the bladder centers located in different parts of the brain (there are
more than one) to tell the detrusor muscle to contract. Detrusor muscle contraction
propels the urine against the hole in the lower part of the bladder through which the
urine leaves the bladder. Two circular muscles, called sphincters, control the open-
ing and closing of this hole. The one closer to the inside of the bladder is called
inner and the one further out is called outer sphincter. Inner sphincter automatically
relaxes after contraction of detrusor muscle. This relaxation is not under conscious
control. The outer sphincter is under conscious control and can be relaxed by will,
letting the urine out in an appropriate setting. A complex network of nerve cells
located in the brain and spinal cord control the bladder function. As spinal cord
nerve cells and nerve fibers are major contributors to the innervation of bladder,
damage to the spinal cord in multiple sclerosis (with lesions similar to those seen in
the brain), (Fig. 7.1) results in erratic and poorly timed contractions of the detrusor
muscle with subsequent development of bladder symptoms. These symptoms
include frequent urge to urinate and frequent urination as well as bed-wetting at
night and urinary incontinence during the day. Poor emptying of the bladder predis-
poses the patient to development of bladder infections. In more severe cases, the
urine can back up toward the kidney and cause kidney damage. This type of bladder
dysfunction in MS is called neurogenic bladder i.e. a bladder problem that is related
to damage to the nerve supply of the bladder.

According to National Multiple Sclerosis Society, bladder dysfunction occurs in
at least 80% of patients with multiple sclerosis during the course of illness [17]. The
symptoms of bladder dysfunction in MS include leakage of urine, urinary urgency,
frequent urinations at night and urinary incontinence. What happens to the bladder
muscle in MS is somewhat similar to what happens to the neuromuscular junction
leading to muscle spasticity as described earlier in this chapter. The muscle (in this
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case detrusor muscle of the bladder), after being weakened by damage to its nerve
supply, gradually develops increased tone, and becomes overactive as in other mus-
cles of body with spasticity. Since acetylcholine is also the chemical transmitter
(from nerve ending) to the muscular layer of the bladder, injection of botulinum
toxins into the bladder wall will subdue the bladder overactivity by reducing the
effect of acetylcholine (see Chaps. 2 and 3 on mechanism of botulinum toxins func-
tion). The drugs that are used for control of bladder symptoms in MS are anticholin-
ergics—Ditropan, Detrol—also work by reducing or blocking the effects of
acetylcholine. The frequent side effects of these drugs such as blurring of vision,
impaired memory and dryness of the mouth make them hard to tolerate especially
when used for a long period of time.

In 2013, FDA approved the use of Botox for treatment of neurogenic, overactive
bladder in multiple sclerosis based on the positive results of two large high quality,
multicenter studies (DINGY studies) that investigated close to 700 patients with MS
and spinal cord injury [18, 19]. A majority of the patients in these studies had mul-
tiple sclerosis. These studies have shown that injection of 200 units of Botox at
multiple points into the bladder wall significantly improves the patients’ urgency
and incontinence as well as their quality of life. Patients also scored highly on a
post-treatment satisfaction questionnaire confirming their satisfaction with the
treatment.

The main side effect of botulinum toxin injections for bladder symptoms in MS
is retention of urine which occurs in 25% of treated patients and may require daily,
clean self-catheterization. For many patients with advanced MS, however, this is not
problematic since they already have chronic urinary retention and have learned to
catheterize themselves for months or years. Nevertheless, patients need to be alerted
and trained for this side effect. However, some studies have found that with repeated
injections of Botox (every 4—-6 months) the incidence of urinary retention improves
as time goes by. An analysis of 18 studies on 1553 MS patients in whom bladder
dysfunction was treated with Botox injection into the detrusor muscle found suste-
nance of positive results after repeated injections and a low incidence of side
effects [20].

More recently, high quality studies (double-blind and placebo-controlled) with
other type A botulinum toxins (Dysport and Xeomin) have also shown efficacy in
management of bladder dysfunction due to multiple sclerosis and traumatic spinal
cord injury [21, 22]. It is likely that Dysport will soon receive FDA approval for
treatment of the type of bladder dysfunction (neurogenic bladder) that occurs in
patients with multiple sclerosis.

Injection Technique

Botox is marketed in a powder form stored in small vials. For all indications, it
needs to be mixed with normal saline (salt water) before injection. Botox is very
heat sensitive so it requires refrigeration. Botox vials marketed as 50, 100 and
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Fig.7.3 Technique of bladder injection: (A) (top left) 30 injections for patients with severe symp-
toms, (top right) 10 injections for patients with mild symptoms (From Da Silva and coworkers.
Toxicon 2015. Reproduced with permission from the publisher Elsevier). (B and C) site of injec-
tion just under the mucosa of bladder surface

300 units. A total of 200 units is recommended for treatment of overactive bladder
in multiple sclerosis. Injections are carried out through a special instrument, cysto-
scope, that after entering the bladder can visualize inside the bladder via a small
light. A hollow needle is attached to the cystoscope through which the injections are
performed. The original FDA approved protocol calls for 30 sites of injections spar-
ing the trigone (the lower, triangular par of bladder). Currently, however, different
protocols are used at different institutions with the number of injection sites ranging
from 20 to 40, including or not including bladder’s trigone. Some authors, in patients
with mild symptoms, only 10 sites including the tigone that is right in sensory
nerves (Fig. 7.3).

Treatment of MS-associated Pain with Botulinum Toxins

Pain is a common symptom in multiple sclerosis. In one study, 63% of the patients
with multiple sclerosis complained of chronic pain [13]. Among several types of
pain in MS, three types are most frequent: neuropathic, pain associated with spastic-
ity and tonic spasms.
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Neuropathic Pain

Neuropathic pain has a burning, searing and jabbing quality; the most severe form
of it involves the face in multiple sclerosis. Irritation of damaged nerve fibers that
provide sensation to the face is believed to be the cause of facial pain in MS. The
trigeminal nerve, the fifth of 12 nerves that exit the brain, provides sensation for the
face, inside the mouth, the tongue and the throat. The pain is called trigeminal neu-
ralgia (nerve pain related to the trigeminal nerve). Patients complain of severe bouts
of pain lasting for seconds but recurring many times during the day. The most com-
mon type of trigeminal neuralgia, however, is seen in older individuals (>50 years
of age) due to age related degeneration of this nerve. Trigeminal neuralgia is rare in
young individuals. When it occurs in young individuals, one should think of MS. It
can be seen in 1-3% of patients with multiple sclerosis [23].

Treatment of trigeminal neuralgia (TN) is difficult. Most patients are not happy
with taking daily oral medications. High quality studies (double-blind, placebo-
controlled) have shown that injection of Botox and other type A toxin (Chinese type
A toxin: Prosigne) with a small and thin needle into skin of the face can alleviate the
pain in classic trigeminal neuralgia that occurs in older patients [24-26]. Although
no high quality studies are available with botulinum toxins for treatment of TN in
multiple sclerosis, a retrospective observation in 31 patients with MS treated with
Botox injections disclosed positive results [27]. In this observation, 52% of patients
with MS and TN reported relief of facial pain after Botox injections versus 45% of
the patients with primary TN (older individuals with no known cause).

How injection of botulinum toxin into and under the skin can help neuropathic
pain (TN as an example) has been the subject of many investigations. It is now com-
mon knowledge based on both animal and human studies, that BoNTs not only
inhibit the function of acetylcholine (nerve-muscle chemical transmitter), but also
diminish the effect of a variety of chemicals that are essential for transmission of
pain signals from skin to the brain [28-35]. Several of these neurotransmitters, such
as substance P, glutamate, and calcitonin gene related peptide (CGRP) are now well
known. Though still not approved by FDA for pain disorders (except for chronic
migraine), botulinum toxin injection into and under the skin is now used by many
clinicians for a variety of neuropathic pains such as pain associated with shingles,
pain after limb trauma, heal pain of plantar fasciitis (common among runners) and
other pain problems based on the published data from high quality studies [36—40].

Case Report

A 42 year-old women, with history of multiple sclerosis since age 18 with intermit-
tent paralysis, sensory loss and visual symptoms, complained of intermittent severe
facial pain. The pain involved the left side of the face and recurred many times daily.
The episodes of pain were brief (lasting only seconds) but “brought tears to her
eyes.” The pain was described as jabbing and burning. She was treated with several
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Fig. 7.4 Case report.
Injections were carried out
using a thin (gauge30),
short needle and under the
skin. (Drawing courtesy of
Dr. Tahereh Mousavi)

medications including the commonly used drugs for trigeminal neuralgia; tegretol
and gabapentin—that “did not help much”. On the scale of 0 to 10, most of her pain
episodes were described as 9 or 10 in severity. The pain occurred as many as 30
times per day. The MRI of her brain showed no abnormality to explain her facial
pain. A neurological examination revealed no motor or sensory deficits. The affected
area of the face was injected with Botox in a grid-like pattern, using a small thin
needle. Injections were under the skin, 2.5 units per site at 12 sites (Fig. 7.4). She
reported marked pain relief in a week post injection with the pain intensity dropping
to 1-3 on a 0-10 scale. Repeated injections every 4 months had the same positive
effect. No side effects were reported.

Pain Associated with Spasticity

As discussed earlier, stiff muscles in patients with multiple sclerosis are often pain-
ful. In a study of 1171 adult patients with MS and spasticity, moderate to severe pain
was reported in 47% of the patients [41]. Muscle pain associated with spasticity can
interfere with rest and sleep deteriorating the patients’ quality of life. A literature
review of this issue in 2022 assessed the efficacy of botulinum toxin injections for
relieving pain associated with spasticity of MS [42]. In this review, seven of eight
studies that used standard pain scales such as visual analogue scale (VAS), reported
significant pain relief after botulinum toxin injections.
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Tonic Spasms

Tonic spasms are intermittent muscle spasms often affecting wrists, feet, toes and
fingers. The result is painful twisting of wrists or feet and flexion of toes or fingers.
The cause of these painful spasms in MS is not clear, but it is generally attributed to
irritation of damaged nerve fibers that travel from brain to muscles. Dr. Restivo and
his coworkers reported that these spasms improved significantly when Botox,
80-120 units, was injected into forearm or leg muscles of five affected patients [43].

Movement Disorders in Multiple Sclerosis

Multiple sclerosis can cause involuntary movements of the muscle due to the dis-
ruption of muscle control at the brain level. In general, involuntary movements
respond well to injection of BoNTs into the muscle through inhibition of nerve-
muscle chemical transmitter, acetylcholine (described earlier). Two of these move-
ments are discussed briefly here:

1. Tremor: a special form of tremor, called cerebellar tremor, is sometimes a dis-
abling symptom in multiple sclerosis. Cerebellar tremor, unlike Parkinson
tremor increases in amplitude during hand and forearm motion and can interfere
with eating and writing. Cerebellum (called by some the little brain) is located
below cerebrum—main part of the brain—in the back of the head, and through
its extensive connections provides muscle coordination. Multiple sclerosis, via
disruption of cerebellar connections, impairs the normal movements and causes
a coarse limb tremor. In a double-blind, placebo controlled study of 23 patients
with multiple sclerosis related forearm tremor, injection of Botox into the fore-
arm muscles improved the tremor as well as witting of the patients significantly
[44]. The drawback was development of some degree of weakness of forearm
muscles that ceased within 6 weeks.

2. Facial myokymia (FM): FM is characterized by fine continuous twitching of
small muscle fibers of the face seen in some patients with multiple sclerosis. It is
due to disruption and irritation of nerve fibers at the base of the brain (brain
stem). FM is not painful but a nuisance, esthetically unpleasant and often a cause
of social embarrassment. Injection of a small amount of Botox (1 to 2) units
(barely under the skin of the face) and into the twitching muscles can reduce or
stops the movements for 3—4 months [45, 46].
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Treatment of Difficulty with Swallowing (Dysphagia)
and Difficulty in Phonation (Dysphonia)

Muscles of swallowing, like other muscles of the body in MS, develop increased
tone and stiffness as the disease progresses. This stiffness associated with increased
muscle reflexes results in difficulty in swallowing. A well-designed study assessed
the effects of Botox injection into the muscles of esophagus (the tube connecting the
mouth to the stomach) in 14 patients with MS and difficulty in swallowing. Patients
were followed carefully at 1, 4, 6, 12, 16, 18 and 24 months. Difficulty in swallow-
ing improved in all patients following injection of Botox into muscles of the back of
the throat that initially had unusually high tones [47].

Dysphonia or spasmodic dysphonia is impaired phonation due to disturbed func-
tion of the vocal cords. Most of the affected patients have a shrill voice due to over-
activity of the adductor muscles of the vocal cord (muscles that bring the vocal
cords together during phonation). Spasmodic dysphonia may occur during the
course of a variety of disease conditions including MS. Injection of small amounts
of Botox into adductor muscles of vocal cords is an established treatment for man-
agement of persistent spasmodic dysphonia [48]. Observations in small number of
patients with MS and spasmodic dysphonia have shown that this mode of treatment
is also effective in MS-related spasmodic dysphonia [49].

Conclusion

Botulinum toxin therapy is useful for several disturbing symptoms of multiple scle-
rosis. Treatment of tight and stiff muscles (spasticity) and bladder symptoms (inap-
propriate urge to urinate, leaking and urinary incontinence) are the two most widely
used indications which have shown to improve the patients’ quality of life. Emerging
data on treatment of facial pain, tonic muscle spasms as well as swallowing and
phonation difficulties in MS are also encouraging and expand the utility of BONT
therapy in multiple sclerosis. The role of botulinum toxin therapy in multiple scle-
rosis is detailed in recent reviews on this subject [50, 51].
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Chapter 8
Treatment of Involuntary Movements
(Dystonia, Tremor, Tic)

Abstract Botulinum toxins, after injection into the muscle, block the release of
acetylcholine from the neuromuscular junction. Acetylcholine is a chemical neu-
rotransmitter that, upon release from nerve endings, activates the muscles. In dis-
ease conditions characterized by presence of overactive muscles with involuntary
movements (dystonias, tremors, tics), injection of the botulinum toxin into the
affected muscles decreases the involuntary movements substantially and improves
the patients’ quality of life.

Keywords Botulinum toxin - Botulinum neurotoxin - Dystonia - Cervical dystonia
- Oromandibular dystonia - Tremor - Tic

Introduction

Abnormal involuntary movements are seen during the course of a large number of
neurological disorders. Dystonia, tremor and tics are the three most common forms
of these abnormal movements. These involuntary movements, when severe and dis-
abling, limit the function of the limbs and impair the patients’ quality of life. Current
treatments of dystonia and tremor are partially effective but often fall short of
patients’ satisfaction. In addition, in many patients, side effects of the drugs limits
their use. Over the past 35 years, injection of botulinum toxins into the muscles
affected by dystonias and tremor has dramatically improved the quality of life in
many of these patients.

Dystonia

Dystonia is a neurological movement disorder characterized by involuntary (unin-
tended) muscle contractions that cause slow repetitive movements or abnormal pos-
tures that can sometimes be painful. There are several different forms of dystonia
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that may affect only one muscle, groups of muscles, or muscles throughout the
body. The affected areas and severity of symptoms varies from person to person”
[1]. Dystonic movements have a twisting and turning character causing abnormal
posture in the face, neck and affected body parts [2]. Dystonia is probably the most
common form of movement disorder and is seen in a variety of disease conditions.
A large number of dystonic problems are genetic and start in early childhood (pri-
mary dystonias). These, genetically determined dystonias start focally—usually in
1 ft, but gradually spread to other parts of the body and, at one point, become gen-
eralized. With the passage of time, dystonia gets worse and results in limb(s) that are
fixed in abnormal posture(s). Patients affected by genetically determined dystonias
may have additional symptoms such as weakness of the limbs, walking problems
and/or mental deficits.

Focal dystonias with no or low genetic patterns affect one part of the body and
usually remain confined to that part (i.e. blepharospasm, musicians’ dystonia). Most
focal dystonias start later in life, usually after age 40. Focal dystonia can affect the
face, neck, upper or lower limb. Currently, botulinum toxins are among the first line
of management for focal dystonias. Blepharospasm, a focal dystonia of the eyelid
muscles, was one of the two movement disorders for which FDA approved botuli-
num toxin therapy in 1989 (see Chaps 2 and 3 of this book).

Focal Dystonias

Focal Dystonias of the Face Region

The two most frequent dystonias of the face which respond to botulinum toxin
therapy are blepharospasm and mouth-jaw (oromandibular) dystonias.

Blepharospasm

Blepharospasm is uncontrolled, tonic contraction of the muscles that close the eye-
lids (orbicularis oculi/OO muscles) (Fig. 8.1a). Spasm of these thin muscles, which
are barely under the skin, forces the eyes to close (Fig. 8.1b).

Blepharospasm is almost always bilateral and affects both eyes. The eyelid
spasms are frequent and can occur hundreds of times per day. Many patients are
unable to drive a motor vehicle due to impaired vision. In over 90% of patients with
blepharospasm, a cause cannot be found (essential blepharospasm). Genetic predis-
position is believed to play a role in many of such patients, but culprit genes have
not been identified. In rare cases, blepharospasm can be caused by stroke or a brain
tumor. Belpharospasm is an uncommon disorder. Approximately 2000 new cases of
blepharospasm are diagnosed each year in the United States. Women are affected
more often than men with a ratio of 2.8/1 [4].


https://doi.org/10.1007/978-3-031-54471-2_2
https://doi.org/10.1007/978-3-031-54471-2_3

Focal Dystonias 121

Fig. 8.1 (a) Orbilularis oculi muscle presented in red color. The muscle has a palpebral part that
is attached to the lid and an orbital part that is further out and circles the eye. (b) Belpharospasm
causing forced eye closure

The onset of blepharospasm is usually after age 40. Blepharospasm should be
differentiated from facial tics involving the eyelids, psychogenic eye closures, and a
condition called apraxia of eyelid opening. The latter, most often seen in elderly
with dementias and Parkinson’s disease, is due to failure of cerebral cortex to exert
proper activation of eye muscles.

Treatment of blepharospasm was disappointing before the introduction of botu-
linum toxin injections. The commonly used drugs for treatment of blepharspasm are
from a group of drugs called anticholinergics. Artane, the most widely used of these
drugs in blepharospasm, is provided in 2 and 5 mg tablets. Treatment of blepharo-
spasm with Artane requires slow dose escalation starting with 1 mg/day and gradu-
ally working up to the effective dose. Most patients respond when the dosage
reaches 10-20 mg/day, but some patients require higher doses. Side effects that
include blurred vision, severe dryness of the mouth and confusion/hallucinations
are especially troublesome in elderly.

Botulinum Toxin Therapy in Blepharospasm

Introduction of botulinum toxins revolutionalized the management of blepharo-
spasm. The toxin is prepared by diluting the powdered preparation (provided in a
small vial) in a small amount of salt water (saline); it is then injected with a very thin
needle around each eye. Injections are performed close to the eye and introduced
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barely under the skin into the orbicularis oculi (OO) muscle. Usually five to six
locations around each eye are injected (Fig. 8.2). Initial sites of injection can be later
modified in subsequent injections.

The author of this book uses a similar scheme as in Fig. 8.2 but with a minor
change for the initial injection; it includes an additional injection with small amount
of the toxin between sites 5 & 6 (Fig. 8.2), but with no injection at site 2, unless the
area is clearly active (moving) during inspection.

Over 90% of the patients with blepharospasm respond well to botulinum toxin
injections [3]. While some patients note the result within 2-3 days, the peak effect
becomes apparent within 10—14 days and the effect lasts for 3—4 months. Injections
cause mild discomfort. In experienced hands, side effects are uncommon and minor;
the patient may experience seconds of pain in the area of injection and minor local
bleeding. Drooping of upper eye lid, seen in a small number of patients, can be
avoided by not injecting at midline close to the upper lid (in proximity of the muscle
that lifts the upper eyelid) and rather inject higher on the lower edge of the eyebrow
with a small amount of toxin (in case of Botox, not to exceed 2-2.5 units).

We usually start with 2.5 units of Botox at 6 locations (locations 1, 3, 4, 5, 6 in
Fig. 8.2 and an extra one between the locations 5 and 6). In many patients, this
approach suffices to stop the lid spasms (twitches) or markedly reduce them. Later,
when the injector becomes more familiar with the patient’s facial response to the
injections, the dose may be increased in one or more of the above-mentioned loca-
tions to 3-5 units/site. Other type A marketed and FDA approved botulinum toxins
(Xeomin, Dysport) are also effective in management of blepharospasm (see Chap.
2 for description FDA marketed botulinum toxins in the US). In case of Dysport the
dose need to be 2.5 to 3 times larger than Botox or Xeomin (see Chap. 2). In severe
cases of blepharospasm, the injections may include an additional injection into the

Fig. 8.2 Sites of initial
botulinum toxin injection
for treatment of
blepharospasm advocated
in a large multicenter
study. Injections are
around both eyes. (From
Troung and co-workers
2012. Reproduced with
permission from the
publisher. Elsevier [5])
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upper cheek muscles and/or into the muscles that bring the eyebrows together. The
latter muscle (corrugator) is located above the medial part of each eyebrow (site 2,
Fig. 8.2). Treatment of blepharospasm with botulinum toxins has now a track record
of over 30 years and is associated with a high degree of patient satisfaction. Over
time, some adjustment of the dose may be required, but the dose escalation is usu-
ally minor. The treatment is for life since the condition recurs after 3—4 months. The
clinical efficacy of Botulinum toxin injections in blepharospasm is supported by
several high quality, double-blind, placebo-controlled studies [6—10]. Comparative
studies have shown no significant difference between FDA approved type A botuli-
num toxins (Botox and Xeomin) regarding efficacy, patient satisfaction and side
effects in blepharospasm [11]. Likewise, there was no difference regarding these
measures between Botox and Asian Toxins (Chinese type A toxin: Prosigne, Korean
type A: Meditox) [12, 13]. Sustained efficacy with repeated injections of Xeomin
(every 3—4 months) has been reported in a carefully crafted study, with some patients
followed for up to 69 weeks [14]. The author of this book has noticed sustained
efficacy for 10 years or more in many patients with blepharospasm.

Dystonia of the Mouth and Jaw Muscles

Trembling and twitching of the lips, twisting and protrusion of the tongue, locking
of the jaw (jaw closure dystonia) and forced jaw opening (jaw opening dystonia) are
a group of involuntary movements that can be caused by certain groups of drugs—
neuroleptics—used for treatment of psychosis and severe depression. Although the
new generation of neuroleptics have fewer of these side effects, these involuntary
movements still occur and challenge the psychiatrists. Since these abnormal move-
ments often occur with a delay, the term of tardive (late) dyskinesia (abnormal
movement) is used to designate the abnormal movements in this setting. Neuroleptic
drugs are not the only drugs that cause tardive dyskinesia, but they are the prime
drug culprits for this form of dyskinesia/dystonias. Dystonias of the tongue, face,
lips and jaws may also develop during the course of degenerative diseases that
involve deep brain structures (basal ganglia). Many of these disorders resemble
Parkinson’s disease, but have other symptoms in addition to slowness of move-
ments, rigidity and tremor. For some of these disorders, a defective gene has been
already discovered.

Treatment of involuntary, face and jaw movements caused by brain disease or
drugs (tardive dyskinesia) is difficult. Valium, Baclofen, Artane, Gabapentine and
Tetrabenazine are partially effective, but the effect is usually modest and not sus-
tained. In some lucky patients, the drug induced movements may go away by them-
selves after weeks or months; once started, however, the movements continue for
years or even persist for life in many patients.
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Botulinum Toxin Treatment

Injection of botulinum toxin into the muscles involved by involuntary jaw move-
ments results in at least moderate, sustained relief and satisfaction in two thirds of
the patients [15]. A majority of the affected patients with jaw dystonia are females
[15]. Luckily, muscles of jaw closure or jaw opening are well known and can be
easily identified by examination. The masseter muscle, located at the angle of the
jaw and the temporalis muscle located at the temple, are the main muscles that close
and lock the jaw (Fig. 8.3a). Both muscles can be easily seen under the skin and
activated by asking the patients to clinch their teeth. Furthermore, in patients with
jaw closure dystonia, these muscles are enlarged due to their frequent and prolonged
contractions. An initial dose of 30 and 40 units (in case of Botox or Xeomin) per
muscle/per side may be injected into 2—4 sites for temporalis and masseter muscles,
respectively (Fig. 8.3b). In severe cases, the dose for subsequent injections may be
increased to 50 and 80 units into temporalis and masseter muscle, respectively, if
necessary. The effect of Botox injection usually lasts 3—4 months.

Jaw opening dystonia (JOD) also responds well to botulinum toxin therapy,
although fewer patients do as well as JCD. This may be due to the fact that muscles
for jaw opening are located deeper and are harder to reach. External pterygoid
(EPT) muscle that opens the jaw, sometimes can be injected in front of the ear after
asking the patient to open the jaw widely. This will contract the muscle and the
contracted muscle can be palpated and injected through the covering skin.
Sometimes, however, deeper EPT muscle is not easy to palpate and its identification
requires using electromyography (EMG) that records the electrical activity of the
muscle. The contracted muscle makes noise in EMG. Some injectors prefer to inject
this muscle through the open mouth.

A- Temporalis(T) and Masseter B- Injection sites, 2 to 4 sites into each muscle
(M) muscles

Temporalis

muscle

™J
1 capsule

Masseter
muscle

Fig. 8.3 The site of botulinum injection for Jaw Closure Dystonia (JCD). (a) Temporalis (T) and
Masseter (M) muscles, (b) injection sites, two to four sites into each muscle. (Reproduced with
permission from Mayo Foundation. Drawing Courtesy of Dr. Tahereh Mousavi)



Hemifacial Spasm (HFS) 125

In tongue dystonia [16], often a complication of anti-psychotic drug use is an
involuntary turning and rolling tongue movement that interferes with speaking and
eating. Most affected patients are extremely disturbed by their difficulty in eating
and speaking. In the author’s experience, between half to two thirds of patients with
tongue dystonia respond to Botox injection into the tongue. Tongue injections
require significant amount of expertise and need to be performed by physicians with
substantial knowledge in management of difficult dystonias. Overdosing the tongue
can cause tongue paralysis and worsen patient’s eating and speaking problems. The
author starts with a small dose of 5 units injected into each side of the tongue; doses
higher than 7.5 units per side are not recommended. Tongue injection is not FDA
approved.

In a recently published multicenter study [17], the clinical features and the
response of the patients to botulinum toxins was described in 2000 patients with
oromandibular dystonia (OMD) (jaw opening and jaw closure, perioral movements,
tongue dystonia). Presence of OMD showed significant association with impaired
quality of life regardless of the severity of the disease. Social anxiety was found to
be more than three times common than depression. In the patient cohorts injected in
expert centers, botulinum toxin injections improved symptom severity by more than
50% in 80% of the subjects, regardless of the cause of OMD.

Hemifacial Spasm (HFS)

Hemifacial spasm is characterized by involuntary movements involving half of the
face. Although hemifacial spasm is not a dystonia (movements are faster and jerk-
ier), it is mentioned here due to its facial location and exquisite sensitivity and
remarkable response to botulinum toxin therapy. The movements of HFS are
observed below the eye, as well as in the lower facial muscles. The movements
below the eye involve the OO muscle (see above -blepharospasm) and, when severe,
tend to close the eye. The lower face movements present with twitches in the lower
part of the cheek, chin and lips. Frequent hemifacial spasms can become the source
of serious social embarrassment (especially in ladies).

Hemifacial spasm is more common than blepharospasm, affecting 14.5 and 7.4
of women and men in a 100,000 population, respectively [18]. Unlike blepharo-
spasm in that, more than 80% of the cases are essential (has no known cause), in
approximately 80% of the patients with hemifacial spasm, the cause is known and
is related to an abnormal blood vessel that presses against the facial nerve as it
emerges from the lower part of the brain (brain stem). Chronic pressure against the
nerve (for years), leads to the hyperexcitability of the nerve which consequently
makes the facial muscles twitch. The condition is not usually dangerous since the
culprit blood vessel rarely ruptures. In a small number of patients, less than 5%,
hemifacial spasm can be the result of a brain tumor in the lower part of the brain. It
is for this reason that in new cases of hemifacial spasm performing CT scan or MRI
is indicated.
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Oral medications such as benzodiazepines (clonopin and valium), baclofen and
gabapentin have minimal effect on hemifacial spasm. Before the introduction of
botulinum toxins, many patients required brain surgery during which the surgeon
separated the culprit vessel from the facial nerve-releasing the pressure on the nerve.
However, HFS surgery could leave the patient with major deficits such as paralysis
of the face, loss of hearing and poor balance while walking. Currently, due to effi-
cacy of botulinum toxin therapy surgery is reserved for very recalcitrant cases. The
surgical utilization rate in North America for hemifacial spasm is currently around
10% [19].

In 1989, FDA approved the use of Botox for treatment of hemifacial spasm in the
US despite lack of multicenter high quality studies (one of the first two approved
movement disorders for which Botox was approved; the other condition was bleph-
arospasm). The published data shows that between 76 and 100% of the patients
demonstrate over 75% improvement with reduction of facial movements after botu-
linum toxin therapy [20, 21]. Injections are carried by a small, short needle (gauge
27.5 or 30 with ¥2 in. length) around the eye in a manner similar that used for
blepharospasm and also into the check and lower face muscles starting with a small
dose of 1.25 to 2.5 units (in case of Botox or Xeomin) per site [22] (Fig. 8.4). The
dose can be adjusted every 3—4 months when reinjection is required. The main side
effect of botulinum toxin injection for HFS is weakness of facial muscles that could
last for weeks. The lower face muscles are particularly sensitive to botulinum toxin,

Fig. 8.4 Author’s
preferred scheme of initial
injections for
blepharospasm (around the
eyes) and hemifacial spasm
(face). The dose around the
eye is 2.5 units/site, and in
the lower face around the
mouth, it is 1.5 units/site
(for Botox and Xeomin).
Injection into the cheek is
performed only if the
movements involve the
cheek. (Drawing, courtesy
of Dr. Tahere Mousavi)
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hence, the initial dose used for lower face, especially around the lips, should be
small (1-1.25 unit/site). The issue of facial weakness needs to be discussed with the
patient prior to injections for HFS. In practice, some patients may prefer to not have
lower face injections, at least, during the first session. Long-term experience with
botulinum toxin injections for HES indicates continued efficacy and low incidence
of side effects. Some dose adjustments may be necessary over time. Sustained
results require repeat injections every 3—4 months. There are now patients with HFS
on record, who have been receiving botulinum toxin injections, every 3—4 months
for over 20 years. Since the rate of response is very high (<90%), unresponsiveness
to botulinum toxin therapy should raise the possibility of other disorders such as
facial tics or psychogenic facial movements. Experience of the past 20 years has
confirmed that injection of all FDA approved type A toxins (Botox, Xeomin,
Dysport, Daxxify) into the appropriate facial muscles effectively reduces the invol-
untary facial movements in HES and results in patient satisfaction.

This chapter’s author over a time span of 25 years has performed thousands of
botulinum toxin injections for hemifacial spasm and blepharospasm. His experience
matches the information on efficacy and safety of botulinum toxin therapy on these
to movement disorders as described in the above-cited literature. The patients’ sat-
isfaction rate is high and side effects (infrequent minor bleeding and local pain at
the time of injection) are minor and tolerable. The number of injections are accept-
able by the patients (Fig. 8.4).

Cervical Dystonia (CD): Dystonia of Neck Muscles

This is one of the most common forms of focal and segmental dystonia that responds
very well to botulinum toxin therapy. In this condition, affected patients gradually
develop increased tone and contraction of certain neck muscles leading to forced
rotation of the neck to one side (torticollis) or neck tilt toward the shoulder (latero-
collis). A less common form of CD is when the neck is pulled back (retrocollis) or
when the neck is bent forward (anterocollis) (Fig. 8.5). Cervical dystonia is often
associated with neck pain. Sometimes neck pain is more distressing to the patient
than neck tilt or neck rotation (posture and cosmetic issues). Several neck muscles
and some shoulder muscles contribute to the abnormal neck posture (Table 8.1).

The mean age for onset of symptoms in CD is 49 years and there is a strong
female predominance (74%) [23]. Up to 70% of the patients with CD suffer from
chronic neck pain [24] which is often more bothersome to the patients than either
rotation or tilting of the neck. If untreated, the pain gradually intensifies and the
intermittent and abnormal neck posture becomes fixed making the neck rigid and
immobile. Chronic cervical dystonia is often associated with poor quality of life and
a significant degree of disability [25].

Before introduction of botulinum toxin therapy, CD was treated mainly with a
group of drugs that block the function of a chemical called acetylcholine (anticho-
linergics). Acetylcholine is released at the nerve ending at the point where nerve
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A - Torticollis and retrocollis B - antercollis and laterocollis

Fig. 8.5 Of the four types of cervical dystonia illustrated below, torticollis (neck rotation) is the
most common accounting for nearly half of the patients. (Drawing, courtesy of Dr. Tahere Mousavi)

Table 8.1 Some of the commonly injected muscles in cervical dystonia and their function

Muscle Location Function
Stenocleidomastoid Front of the neck Turns the neck to the opposite side, tilts
(SCM) the neck to the same side, bends the neck
Splenius capitis (SC) | Back of the neck Rotates and tilts the neck to the same side
Scalenius anterior Front the neck Tilts the head to the same side
(SCA)
Trapezius (Tr) Shoulder Elevates the shoulder
Levator scapulae (LS) | Upper back extending to | Elevates the scapula

the front of the neck Tilts the head to the same side

contacts with the muscle. These drugs block the effect of acetylcholine, hence,
resulting in relaxation of contracted neck muscles and improvement of the neck
posture. However, anticholinergic drugs are hard to tolerate by older people due side
effects of dryness of the mouth, blurring of vision and mental confusion. Other
drugs such as baclofen, clonopin and valium are also used alone or in combination
for treatment of CD but they may require a dose escalation to be effective. Too
often, this limits their use in CD due to excessive sedation.

The efficacy of Botox in treatment of cervical dystonia was first suggested by Dr.
Tsui and his colleagues from Canada in a small pilot study of 12 patients in 1985
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[26]. Encouraged by this observations, over the subsequent 25 years, several high
quality studies (double-blind, placebo-controlled and conducted in a large number
of patients) was published that confirmed the efficacy of both type A and Type B
toxins in cervical dystonia [8, 27-31]. This led to FDA approval of four type A
marketed botulinum toxins (Botox, Xeomin, Dysport and Daxxify) and the type B
toxin (Myobloc) for treatment of cervical dystonia.

Currently, botulinum toxin has become the treatment of choice for management
of CD due to its much fewer side effects compared to oral medications. In patients
that have been on oral medications for some time, injection of botulinum toxins into
neck muscles can allow the patients to reduce the daily dose of medications, and in
many patients it allow them to stop the use of oral medications safely. Moreover,
several studies have shown that improvement of neck posture is associated with
marked improvement of the associated neck pain in CD [32].

The effectiveness of botulinum toxin therapy in CD is sustained after repeated
injections of botulinum toxins [33]. There are patients on record who have been
receiving botulinum toxin injections for cervical dystonia, every 3—6 months for
over 20 years [33]. Careful assessments of quality of life have shown that patients’
quality of life show notable improvement along with improvements of head and
neck posture and neck pain [34].

Technical Issues A good knowledge of location and function of neck muscles is
required in order to succeed with botulinum toxin therapy in cervical dystonia.
Some physicians use merely their knowledge of anatomy (anatomic landmarks) for
injecting botulinum toxins into the neck muscles, while others perform the injec-
tions under the guidance of electromyography. Electromyography identifies mus-
cles by their electrical activity via a needle which probes into the muscles. A smaller
number of physicians use the ultrasound which directly visualizes the muscle and
confirms that the tip of the injecting needle is in the right muscle.

Like all other indications of botulinum toxin therapy, it is wise to start with a
small dose and gradually increase the dose (if necessary) to an effective or more
effective dose level. For torticollis (rotation type of CD), one could start first by
injecting the main neck rotator muscles. If the neck is rotated to the right side, two
sets of neck rotators are overactive, one on the right side located in the back of the
neck (splenius—Fig. 8.6) rotating the head to the right (same side); the other rotator
is on the left side of the neck (sternocleidomastoid muscle—SCM) located in front
of the neck, rotating the head to the right side (opposite side). In case of Botox or
Xeomin (with almost comparable units), the author of this chapter usually starts
with a dose of 60 units per each muscle injected into three sites (Fig. 8.6). If there is
shoulder elevation, trapezius muscle (T) is injected with the same dose. Doses up to
500 units (of Botox) may be required for patients with severe cervical dystonia, but
usually not during the first session. In some patients, however, the problem is more
complex, and obtaining a satisfactory response requires injection of a larger number
of muscles. Many muscles in the neck have more than one function (rotation, tilt,
etc.), the knowledge of these various functions is essential for proper treatment of
cervical dystonia.
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Fig. 8.6 The enlarged
SCM muscle is held
between two fingers of the
author prior to injection.
(From author’s collection
with patient’s written
permission)

Case Report

A 72 year-old man with history of torticollis (rotational cervical dystonia) for
20 years was referred for to the Yale University Botulinum Toxin Clinic for evalua-
tion and treatment. The patient stated that his problem had begun slowly with diffi-
culty in turning his head to the right side. Over months and years, the neck gradually
started to turn to the left and for the past 2 years, it had become very stiff and fixed
to the left side. Attempting to turn the neck to the right was painful. There was also
a head tilt to the left side (most common combination in CD—rotation and tilt).
Patient also complained of a fair amount of neck pain which had been bothering him
for years. He felt his balance was not good and his quality of life was greatly dimin-
ished. Driving was “almost impossible.” On examination, the patient had fixed rota-
tion of the head to the left with mild head tilt to the left. The right SCM muscle was
very large and contracted (Fig. 8.6). He was injected with a total of 280 units of
Botox (Table 8.2).

One week after Botox injection, he demonstrated marked improvement of his
neck posture and the ability to rotate his neck to the right side without discomfort.
Over the subsequent weeks, he reported notable decrease in his neck pain and
believed his quality of life had substantially improved. Over a follow up period of
almost 10 years, patient received repeat Botox injections into his neck muscles
every 3—4 months. He reported no side effects.

Side effects after botulinum toxin injections for cervical dystonia are usually
minor and limited to seconds or minutes of pain at the site of injection and/or minor
transient local bleeding. About 30% of patients may develop some difficulty in
swallowing which is usually subtle and is usually not reported by the patients unless
asked for. Nevertheless, more serious cases of swallowing difficulty may develop
after BoNT therapy for CD; rarely requiring hospitalization. Such cases, however,
usually occur when large doses of toxin are injected into SCM muscles located in
front of the neck on both sides and/or when the injecting needle is not properly



Case Report 131

Table 8.2 Name of the muscle, muscle function, side of injection, dose and number of injections.
In this patient with very severe cervical dystonia the doses for SCM and SC muscles are larger than
that usually used for the first injection

Muscle function
and the side Side of
Name of muscle injected injection | Total dose | Number of sites injected
Sternocleidomastoid | Rotates head and Right 100 u Divided into 4 sites along
(SCM) neck to the opposite (Botox) | the length of the
side muscle—?25 u/site
Splenus Capitis (SC) | Tilts the head and | Left 80u Divided into 2 sites. 40 u/
neck to the same (Botox) site
side
Trapezius Elevates the Right 60 units | Divided into 3 sites. 30 u/
shoulder—right (Botox) site
side
Evator scapulae (LS) | Elevates the upper | Left 40 units | Divided into two sites
back bone, scapula (Botox) 20 u/site
Tilts the head to the
same side—left
side

placed in SCM, but rather misplaced close to the esophagus—the tube that connects
the throat to stomach.

In some patients” SCM is hard to find if the injector performs injections when the
patient is sitting up. Having the patient lie down with the head raised helps to better
identify SCM bulk and its borders. Performing injections under electromyography
guidance or ultrasound, helps more accurate identification of the neck muscles and
proper placement of the injecting needles. Between 60% and 70% of the patients,
with cervical dystonia express satisfaction with botulinum toxin therapy after the
first injection session. This percentage increases with repeat injections.

In non-responders, attempts should be made to better identify and localize of the
muscles. Unresponsiveness after several attempts should raise the possibility of
other diagnoses including a psychogenic condition resembling CD. In rare cases,
unresponsiveness may be due to the development of antibodies against the botuli-
num toxin in the blood. Individuals who have been vaccinated against botulinum
toxin may not respond to BoNT therapy. With earlier preparations of Botox (before
1997), repeated and closely spaced injections (especially with large doses) antibod-
ies against Botox could be detected in 25-30% of the patients and between 5% and
10% of such patients became non-responsive to subsequent treatment. With the new
Botox preparations (introduced to the market in 1997) that contain lower levels of
antigenic proteins, antibody formation is uncommon (close to 1%) and reported
non-responsiveness is below 1% [36]. A recent report on 5876 patients treated with
Botox at different centers found neutralizing antibodies (the types that may lead to
clinical non-responsiveness) only in 0.3% of the patient at the completion of study
[37]. Even among those few with neutralizing antibodies, less than one third dem-
onstrated clinical non-responsiveness (5 of 16 patients). Another form of botulinum
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toxin type A, Xeomin (with units comparable to Botox and currently widely used in
clinical practice), almost never produces unresponsiveness due to presence of neg-
ligible immunogenic proteins in its molecule [38].

Comparative studies have shown that all FDA approved botulinum toxins are
effective in cervical dystonia and render a comparable efficacy in this disorder
[35,39].

Focal Limb Dystonias After Limb Trauma, Stroke
and Cerebral Palsy

After head injury and stroke, many patients develop dystonia in the affected weak
limbs along with increased muscle tone (spasticity). Children with spastic cerebral
palsy also demonstrate dystonic hand and finger features associated with increased
muscle tone in the involved limbs. The use of botulinum toxins for treatment of
these secondary dystonias is described in more detail in other chapters of this book.

Task Specific Dystonias

Task specific dystonias are a group of focal dystonias that usually present in the
hand and forearm muscles after performing any specific fine motor movement
repetitively. There is a wide range of tasks that upon months or years of repetition
can cause focal hand dystonia; those tasks include typing, playing musical instru-
ments such as piano, guitar and writing. In sports, “golfers yip” is a kind of task
specific dystonia affecting the hand in golfers. Foot dystonia of runners is an exam-
ple of task specific dystonia in the lower limb. In runner’s dystonia, the foot, the
knee or the hip may demonstrate involuntary twisting and turning postures after
prolonged running.

In the hand/finger dystonia, the most common form of TSD, dystonic postures
occur after months or years of performing the same specific act. The wrist and fin-
gers can flex or extend involuntarily and interfere with the patient’s performance.

Treatment of task specific dystonia (TSD) can start with behavior modification.
The results of oral medications are disappointing. In a review of literature in 2016,
Drs. Lungu and Ahmad concluded that botulinum toxin therapy reduces dystonic
hand and finger postures and improves the patient’s performance in task specific
dystonia [40]. Injections into small forearm muscles are performed under electro-
myographic (EMG) or ultrasound (US) guidance. The latter is able to show indi-
vidual forearm muscles and has more accuracy than EMG in TSD. In practice,
although effective, BoNT therapy does not completely eliminate the TSD; in case of
musicians, dystonia, rarely, the initial level of performance is attainable. Based on
Drs. Lungu and Ahmad’s literature review [40], for writers’ cramp, the total applied
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initial dose for Botox and Dysport is 24 and 82 units, respectively (each unit of
Botox is approximately 2.5-3 units of dysport). This dose is applied to multiple
forearm muscles identified by EMG or ultrasound. In established patients and after
several injection sessions, the dose may be increased by 40-45% [40].

Case Report from Author’s Experience

A 52 year-old music professor complained of difficulty with playing guitar for the
past 3 years. He noted that after playing for a few minutes, the index finger of the
right hand pulled ups and away from the other fingers impairing the quality of his
music. Sometimes, the middle finger would do the same thing, although to a lesser
extent. He complained also of a constant pain at the middle of his forearm “as if a
knott were there”. Otherwise, the patient was in good health. He had played guitar
since his early teens and has been a music instructor (guitar) for the past 20 years.
He denied any history of trauma to that forearm. His condition has been getting
worse gradually.

While playing guitar during clinic, the right hand’s index and middle fingers of
the patient involuntarily pulled up and took a dystonic posture (Fig. 8.7). He com-
plained of increased tightness of his forearm. We injected 5 units of Botox into the
extensor of the index finger, (extensor indicis—Fig. 8.8) under EMG guidance. The
procedure of identifying and injecting the muscle took 10—12 min; he tolerated the
procedure well.

Two weeks after the injection, the patient visited the clinic and expressed deep
satisfaction with the results. The pain in the forearm was gone and the index finger
no longer pulled up; there were no side effects. He noted a 26-point increase in his
performance scale rising from 100 to 126 points. The patient returned to the clinic
6 month later for a repeat treatment. A repeat injection of Botox with the same dose
produced the same positive effect.

Fig. 8.7 (a): 30 s into playing and (b) 60 s into playing
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Fig. 8.8 Extensor of the A e i

index finger (shown in red) Extensor Indicis Muscle

where Botox injection

improved the patient’s Extensor
TSD. (Courtesy of Dr. Indicis
Nabil Ebraheim)

The cause of task specific dystonia is not yet established. Current data suggests
that the disorder may be at the brain level. In human brain, excitatory and inhibitory
mechanisms are constantly at work and check each other in order to keep optimum
balance between the two. Using advanced physiological techniques, investigators
have shown that cortical inhibition time (cortical silence period) is significantly
prolonged and the amount of inhibitory neurotransmitter (a chemical called GABA)
is significantly less than normal in the brain of individuals with task specific disor-
ders [41, 42].

Generalized Dystonia

As briefly described earlier, generalized dystonia starts usually in childhood and
many affected children have a genetic predisposition. It is possible to help patients
with generalized dystonia by injecting botulinum toxins into selected, more severely
affected muscles. The method and dose of these local injections in adults are not
different from what is used for focal dystonias. In children the dose needs to be
adjusted per weight.

Tremor

Tremor is an involuntary movement that is due to rhythmic oscillation of muscles in
a body part. The muscle oscillations usually alternate between two sets of muscles
that have opposite functions; For example muscles that bend or extend the wrist.
High quality studies (comparing botulinum toxin with placebo injection) have
shown significant reduction of two types of tremors after botulinum toxin injec-
tion—Parkinson tremor and essential tremor.
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Parkinson Tremor

Parkinson disease (PD) affects 1% of US population over 60 years of age [43]. Men
are affected slightly more than women. The three cardinal symptoms of Parkinson
disease consist of slowness of movements (bradykinesia), muscle rigidity and hand
tremor. Tremor of Parkinson’s disease has the highest amplitude when the hand and
forearm are at rest. In many patients with PD, this resting tremor interferes with
sleeping. Approximately half of patients with PD have action tremor—a tremor that
gets worse with moving the limb [44]. Such tremors interfere with writing, playing
musical instruments, shaving and other activities that require fine motor control.

Parkinson disease is due to loss of dopamine in the brain and other parts of the
nervous system. Dopamine is essential for maintaining both the speed of movement
and healthy tone of muscles. Most drugs that are used for treatment of Parkinson’s
disease either replenish the lost dopamine or enhance the effect of remaining dopa-
mine. These drugs improve slow movement and muscle stiffness (rigidity), but are
less effective on Parkinson’s tremor. A surgical procedure called “deep brain stimu-
lation” can markedly improve Parkinson’s tremor by electrical stimulation of deep
brain structures (basal ganglia). However, the procedure requires inserting a metal
wire inside the brain and embedding a stimulator box in the muscles of the chest
wall. There are also potential complications with this surgery such as infection,
minor bleeding inside the brain and malfunction of the stimulator.

Botulinum Toxin Treatment of Parkinson Tremor

In 1991, Trosch and Pulmann first reported that 5 patients with Parkinson tremor
expressed satisfaction after injecting Botox into their forearm muscles [45]. The
mechanism of tremor improvement—as improvement in other movement disor-
ders—was speculated to be related to inhibition of acetylcholine release from nerve
endings by Botox. In a later study [46], authors reported excellent response of jaw
tremor to botulinum toxin injection in three patients with PD. In this study, patients
received 30—100 units of dysport (Type A botulinum toxin) into each masseter mus-
cle. Subsequent publications also supported the positive role of botulinum toxin
therapy for Parkinson tremor [47], although weakness of the hand and fingers last-
ing for a few weeks (a side effect seen in 30% of patients) remains a drawback of
this treatment.

Over the past 10 years (since 2013) investigators aimed to develop an injection
plan that would significantly reduce intensity and frequency of hand and finger
weakness after botulinum toxin injections for Parkinson tremor.

In a 3-year study that lasted from 2012 to 2014, the author of his chapter and his
colleagues at Yale University, conducted a study with Xeomin (a type A toxin like
Botox) injection into forearm muscle of patients with Parkinson tremor [48].
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Thirty-three patients were enrolled in the study and 30 patients completed the study.
The study was placebo controlled i.e. the effect of Xeomin injections were com-
pared with placebo (salt water injection). It also had a flexible design i.e. in each
patient, different sets of muscles were injected based on the pattern of muscles’
activity seen in electromyography. Electromyography screens the electrical activity
of the muscle by a special instrument. In each patient 8—12 muscles in the forearm
that are often involved in finger or hand tremor were screened by EMG first. Only
those muscles that showed increased electrical activity by EMG were injected. The
magnitude and frequency of patients’ hand tremor was measured by standard
tremor—scales at baseline and at 4 and 8 weeks after injection. A global impression
of change assessed also the Patients’ perception regarding changes (or lack of it) in
hand tremor after injections. The study was a “cross over study”’—the substance
(placebo or Xeomin) was alternated at 3 months (second injection). For example, if
a patient had received Xeomin the first time, the second injection was placebo and
vice versa. The study was double-blind meaning that both the injectors and patients
were not aware of what was injected (Xeomin or placebo). A nurse not involved in
injections or rating of the response prepared the Xeomin or saline in a small syringe
and kept a record in a password protected computer.

At the conclusion of this study, the results strongly favored Xeomin injections
for treatment of Parkinson tremor. Rating assessment, both at 4 and 8 weeks after
injection, demonstrated that tremor improvement was significant in the Xeomin
group compared to the placebo group. Patients who had received Xeomin also dem-
onstrated improved quality of life and were much happier with injections than those
who had received placebo injections. Subtle decreased hand strength, measured by
ergometer only but not perceptible by the patient, was noted in 37% of Xeomin and
22% of placebo group (not a statistically significant difference). Hand weakness,
perceptible to the patient, was reported by 7% of patients in the Xeomin group con-
siderably less than what had been reported in prior studies of tremor (30-40%) [49,
50]. The authors concluded that a flexible pattern of injection that covers more mus-
cles with smaller doses is effective in reducing the amplitude of PD without causing
notable hand weakness in a high percentage of patients.

Over the past 10 years, the researcher from the Western University in Canada
have also developed a system of botulinum toxin injection for tremor that results in
low incidence of finger and hand weakness after the toxin injection. In their proto-
col, muscle selection for injection was guided through four transducers attached to
four joints of the forearm and hand. Their result with botulinum toxin treatment of
PD tremor is comparable with results of the Yale protocol i.e. efficacy associated
with low incidence of finger and hand weakness [51]. Their device, however, is not
commercially available. Details of the two above-mentioned techniques (Yale in US
and Western University in Canada) and comparison of their results have been pub-
lished in a recent review article [52].
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Essential Tremor

Essential tremor is a common genetic disorder characterized by a 4-8/s forearm
tremor observed mainly when the hands are in action (moving or stretched). This is
the opposite of Parkinson’s tremor which is usually observed at rest. Approximately
half of the patients have a history of a similar type of tremor in their close relatives
(unlike PD tremor). Severe essential tremors can significantly interfere with the
activities of daily living and handicap the patient. Beta blockers (propranolol and
others), primidone and topiramate are effective in reducing essential tremor, but the
efficacy often wears off after chronic use. Deep brain stimulation (see under
Parkinson tremor) is very effective, but requires brain surgery.

Three high quality studies (comparing the effect of toxin with placebo) have
investigated the utility of botulinum toxin injection into the forearm muscles of
patients with essential tremor. In 1996, Dr. Jankovic and his colleagues at Baylor
Medical College in Houston [49] injected 50 and 100 units of Botox into the fore-
arm muscles (wrist flexors) of 25 patients with severe essential tremor. After
4 weeks, 75% of the patients demonstrated improvement of their tremor by 2 grades
(on scale of 0—10). However, between 30% and 40% of the patients reported dis-
abling weakness of fingers. These positive results were duplicated in another
placebo-controlled study of 123 patients with essential tremor using the same tech-
nique and dosage of Botox [50]. Unfortunately, still a sizeable number of patients
(approximately 30%) developed notable weakness of their fingers. The investigators
of both studies attributed weakness of fingers after Botox injection to applying a
fixed dose injection approach and to the sensitivity of finger extensor muscles
to Botox.

Between years 2013 to 2016, the author of this chapter and his colleagues at the
Yale University, New Haven, CT conducted a third double-blinded, placebo-
controlled study on essential tremor [53]. Thirty-three patients participated and 28
completed the study. The methodology was exactly as their previous study of botu-
linum toxin therapy in PD tremor (described earlier). Culprit muscles were identi-
fied by a special EMG unit registering the sound of increased electrical activity
during tremor. Patients received injections of either 80—120 units (total) of Xeomin
(atype A toxin similar to Botox), or a placebo (salt water) into 6—8 forearm and two
arm (biceps and triceps) muscles. The injecting doctor was blinded to what patient
received (Xeomin or placebo) and the patients did not know whether what they
received was toxin or salt water. Standard scales were used to assess the intensity of
tremor and quality of life at baseline and every 4 weeks after injection. After
4 months, the patients received a second injection alternating placebo for Xeomin or
vice versa, depending on what the patient had received initially. The assessments
were carried out for the next 14 months, at monthly intervals.

Statistically significant improvement of tremor was noted after Xeomin injec-
tions along with improvement of quality of life. Patients also expressed their satis-
faction with Xeomin injections (not placebo) on a patient satisfaction scale. One
patient (4%) developed notable finger weakness which lasted for 2 months. Using a
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flexible injection scheme and smaller amount of toxin into forearm finger extensor
muscles, this study demonstrated efficacy of Xeomin in reducing ET tremor along
with low incidence of finger weakness (4% versus 30-40% reported in previous
studies).

Over the past 10 years, researchers from Western University of Canada, have
conducted open label studies (not-blinded) assessing the efficacy of botulinum toxin
injections in essential tremor. Using the kinetic approach (identifying tremoring
muscles with joint-attached transducers), they reported similar efficacy and low
incidence of finger and hand weakness [54, 55].

Tics

Tics are involuntary, rapid and repetitive movements that, at times, can be stopped
momentarily by will. Most tics are simple motor tics associated with no sensory or
other symptoms. A more complex type of tic, presents with associated glottal sound,
and sometimes vocalization (saying words or sentences) in addition to the motor
manifestations. Vocalizations may include profanity (coprolalia). This condition
bears the name of the French physician (Tourette) who provided the first detailed
description of this type of tic; it is hence called Tourette syndrome. Almost all tics
start in childhood and gradually improve after age 30 years (some totally disap-
pear). However, when present and especially if they are frequent and complex, in
addition to social embarrassment, they deteriorate the patients’ quality of life. Many
patients with tics have premonitory signs (different sensations) or an urge to move
before the emergence of tic episodes.

Treatment of tics may start with behavioral modification, for which, several pro-
grams are currently available. Pharmacological treatment of tics basically uses three
groups of drugs; dopamine blockers, dopamine depleters such as flufenazine or tet-
rabenazine and clonidine, an alpha 2 enhancer. Dopamine is a protein that is present
in abundance in deep brain structures (basal ganglia). Dopamine deficiency (in
Parkinson’s disease) or enhanced activity of dopamine (tics) are major players in
manifestation of motor disorders. Some patients with disabling tics and failure to
respond to oral medications have responded to electrical stimulation of brain’s deep
structures (deep brain stimulation-DBS) [56].

Dr. Jankovic and his colleagues at the Baylor College of Medicine (Houston,
Texas) were first to demonstrate in 10 patients that injection of Botox into the mus-
cles involved in repetitive involuntary movements of tics can reduce the frequency
and severity of the motor tics [57]. Subsequently, in a larger study of 35 patients
with tics, Botox was compared to placebo (saline injections) and authors came to
the same conclusion [58]. In this study, approximately 40% of patients with recalci-
trant tics, not responding to oral medications, demonstrated marked mitigation of tic
movements after Botox injections into the moving muscles (arm, shoulder, neck). In
another study, injection of very small doses of Dysport (approximately 2.5 units of
Dysport equals 1 unit of Botox) into the vocal cord muscles of patients with tics and
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vocalization (vocal tics) resulted in total resolution of vocal tics in 50% of the 22
patients studied. In this study, in a majority of patients, the voice became soft for
several weeks after toxin injection but patients did not think it changed their quality
of life.

During the so-called malignant tics, repetitive and erratic tic movements can
cause serious injury such as biting the tongue, lacerating the face or poking the eyes
[58]. Botulinum toxin injection into the hand or arm of patients with malignant, fast
targeting tic movements can reduce the urge to move the limb and, by weakening
the limb buy time for preventing or recovery from the injury. The author of this
chapter treated a 19-year-old male for repetitive flinging movements of the left hand
and arm targeting his own left eye leading to corneal laceration. Treatment with a
variety of medications for his severe motor tics caused sedation but did not succeed
to stop the movements. His parents and his treating physician were worried that he
would eventually lose the left eye. Injection of Botox, a total of 200 units in differ-
ent arm and forearm muscles of the left upper limb, weakened the left arm and
forearm, stopped the urge to move as well as stopping the movements themselves.
Three months later after the effect of Botox wore off, tics returned with less inten-
sity and were managed with medications.

Conclusion

Botulinum toxin therapy is approved by FDA for treatment of blepharospasm,
hemifacial spasm and cervical dystonia in US. Because of its efficacy and safety, it
is now considered the first line of treatment for these conditions. In task specific
dystonias (musicians’ dystonia, writers’ dystonia), oromandibular dystonias (jaw
opening, jaw closure), Parkinson and Essential tremor the results are also encourag-
ing and botulinum toxin therapy is practiced by experts in the different medical
centers around the word. Botulinum toxin injections are also effective in patients
with troublesome focal motor tics and patients suffering from phonic tics resulting
in unpleasant guttural sounds [59].
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Chapter 9
Botulinum Toxin Treatment in Children

Check for
updates

Abstract Over the past 35 years, botulinum toxin therapy in adults has been estab-
lished as a major mode of treatment for a variety of medical conditions. Several of
these conditions including involuntary movements, spasticity, chronic migraine,
excessive sweating/drooling, and bladder dysfunction have received FDA approval
for use in the US. In this chapter, major indications of botulinum toxin therapy in
childhood including stiffness of muscles with increased reflexes (spasticity), invol-
untary movements, strabismus (crossed eyes) and excessive sweating/drooling will
be addressed.

Keywords Botulinum toxin - Botulinum neurotoxin - Children - Spasticity -
Dystonia - Strabismus - Sialorrhea

Introduction

The first childhood medical disorder that was researched and received approval
from FDA (1989) for botulinum toxin therapy was strabismus (crossed eyes)—a
predominantly childhood ailment (see Chap. 1 on history of botulinum toxin ther-
apy). Approval for other potential indications in childhood lagged behind the adult
indications for sometimes due to safety concerns. Currently, botulinum toxin ther-
apy in children has been approved by FDA for spasticity associated with cerebral
palsy, stroke, brain and spinal cord trauma as well as involuntary movement disor-
ders (dystonia), sialorrhea(excessive drooling) and excessive sweating (hyperhidro-
sis). Other conditions such as bladder dysfunction and chronic migraine, in which
botulinum toxin therapy has been approved for adult are now actively under inves-
tigation for childhood application.

As discussed in the first three chapters of this book, only two of eight serotypes
of botulinum toxins (types A and B) are currently in medical use. Five type A tox-
ins—Botox, Xeomin, Dysport, Jeuveau and Daxxify -and one type B toxin
(Myobloc) have FDA approval for use in the US. Jeuveau is currently approved only
for aesthetic use. The units of these marketed formulations are not truly comparable,
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but an approximation is often used in medical research and practice: lunit of
Botox = 1 unit of Xeomin = 2.5 units of Dysport = 40-50 units of Myobloc.

The pharmacological characteristics, modes of preparation for clinical use and
other issues differentiating these toxin formulations are discussed in Chaps. 2 and 3
of this book. Safety issues in botulin toxin therapy with particular emphasis among
children, are addressed in Chap. 17 of this book.

Botulinum Toxin Therapy in Childhood Spasticity

Childhood spasticity is probably the condition for which botulinum toxin therapy is
most widely used among children today. Spasticity is increased muscle tone leading
to muscle stiffness, decreased range of joint movements and progressive immobil-
ity. Spasticity is associated with increased reflexes [1—4]. It is caused by damage to
the central nervous system (brain or spinal cord). The most common causes of spas-
ticity in children include cerebral palsy, trauma to the brain and spinal cord, as well
as hereditary/genetic disorders that result in alteration of brain tissue and impair-
ment of brain or spinal cord function. Untreated spasticity leads to muscle contrac-
ture a condition characterized by shortened and non-functioning muscles. In the
advanced cases of spasticity, the joints also become non-functional and immobile.
The spastic muscles and involved joints are often painful.

Treatment of spasticity includes both physical therapy and medicinal approach.
Subtle and mild spasticity can improve with physical therapy and stretch exercises
alone. Moderate or severe spasticity requires more aggressive approach to improve
range of motion across the joint (s) and prevent immobility. In these cases, physical
therapy is often combined with pharmacological therapy. Among different anti-
spasticity drugs, benzodiazepines (Valium), Baclofen and Tizanidine are the most
widely used medications for treatment of spasticity [5, 6]. Although partially effec-
tive, the side effects of these drugs often prevent dose escalation to the level that can
produce the optimal desirable results. Valium can cause drowsiness, sedation, bal-
ance problems and drop in blood pressure. Nausea, confusion, muscle weakness and
drowsiness are common side effects of Baclofen. Tizanidine (Zanaflex) can cause
sedation, drop in blood pressure and liver toxicity. Very severe cases of spasticity,
especially when involving the legs and impairing ambulation are sometimes treated
with baclofen pump. Treatment with baclofen pump is an involved procedure that
requires implanting a small pump into the abdominal wall that drips baclofen solu-
tion directly into the spinal fluid via an inserted tube. It requires availability of an
experienced surgeon as well as a trained and dedicated nurse for insertion of the
pump and titration of the baclofen dose for continuous infusion. Incorrect titration
can lead to baclofen toxicity with serious side effects (seizures, coma).

Intramuscular injection of Botulinum toxins relaxes the muscles by blocking the
release of acetylcholine. Acetylcholine is released from nerve endings to activate
the muscle [8]. It is this function that makes BoNT injection a desirable commodity
for relieving the troublesome effects of spasticity such as stiff muscles, limitation of
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movements across the joints as well as muscle and joint pain. Detailed description
of how botulinum toxins exert this effect on the neuromuscular junction is provided
in Chaps. 2 and 3 of this book. This antispasticity function is shared among four
FDA-approved marketed botulinum toxins (Dysport, Botox, Xeomin, Myobloc) in
US. Daxxify is effectiv3e against cervical dystonia (see Chap. 8) but its effect on
spasticity has not been thoroughly studied.

Cerebral Palsy (CP)

The term cerebral palsy describes a medical condition in which children, from a
very young age, develop neurological problems following brain damage. In a major-
ity of these children, the damage happens during the first 2 years of life when the
immature brain is very sensitive to the lack of oxygen. Birth difficulties and birth
trauma are the leading causes of cerebral palsy [7, 9, 10].

The prevalence of cerebral palsy is 1.5-3 per 1000 live births worldwide [11].
Cerebral palsy has two common forms of clinical presentation. The more common
of the two, is weak and stiff limbs (spasticity). In some children abnormal involun-
tary movements are the prominent clinical feature of CP. Cognition is impaired in a
large number of children with CP, but some children may have near normal or even
normal mentation. The spastic form of cerebral palsy (commonest form), leads to
limitation in range of motion of the limbs across the joints and pain in the joints and
muscles. Progressive shortening of the muscles may lead to immobility. Since with
current medical managements, the life expectancy of children with CP is compara-
ble with children without CP (near normal), CP is a major cause of impaired motor
function and gait in adults with CP. Treatment of spasticity in CP requires medica-
tions as described earlier in this chapter combined with physical therapy. For most
children, however, these treatments are mostly palliative with no or little observable
return of motor function.

In 1993, Dr. Andrew Koman and his coworkers were the first to show that injec-
tion of Botox into the spastic muscles of children with cerebral palsy can improve
and reduce muscle tone and help delay the corrective surgery to more appropriate
age when the child is older [12]. In this open label study (no comparison with pla-
cebo), a majority of the 27 children who were poorly responsive to conventional
pharmacotherapy demonstrated improvement in motor function after Botox injec-
tion. Since then, several high quality, blinded (both injector and patient), placebo—
controlled studies have confirmed that spasticity of children with CP responds well
to botulinum toxin injections with ultimate improvement in quality of life similar to
treatment results in adults [13-18].

Based on the above mentioned literature, FDA approved the type A toxin Dysport
(each unit of Dysport is 2.5-3 units of Botox) for treatment of children’s lower limb
spasticity in 2016. In 2019, FDA also approved Botox for the same indication in
children. In 2020, Xeomin, another type A botulinum toxin, was approved by FDA
for use in children of 2 years and older affected by spasticity.
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Case Report-Author’s Patient

A 16 year-old girl, with diagnosis of cerebral palsy, weakness and stiffness of all
limbs was referred to Botulinum Toxin Clinic at Walter Reed Army Medical Center
in Washington DC for treatment of painful and stiff muscles. She had developed
severe problems with her movements during infancy. She could never walk and
never developed normal speech. At age 12, she was wheel chair bound. Her Weight
was 160 pounds.

Neurological examination showed a pleasant Caucasian girl who smiled fre-
quently during examination. She had little speech output. Her cognition was
impaired, but she was able to communicate with opening or closing her eyes and
could attempt to perform simple commands. There was marked stiffness and spas-
ticity of all limbs with diffusely increased reflexes. Both elbows and knees were
flexed. The left hand showed flexed, clinched and immobile fingers with no func-
tion. The right hand also had clinched fingers but less for forceful than the left side.
After several attempts, she could finally take an object (pen or pencil) between her
right index and middle fingers, but was unable to hold it for long or transfer it to the
left hand.

After obtaining consent from the child and her parents, Botox was injected into
the flexor of the wrist and fingers into both forearms and hand muscles. The total
dose per side was 60 units. She reported loosening of her hand and forearm muscles
after a week. An examination, 4 weeks after Botox injection, showed marked reduc-
tion of tone in the finger and hand muscles on both sides. The left hand was now
open. She could move fingers in both hands at will. When given a pen and a cup, she
slowly grabbed the pen with the right hand and was able to transfer it to the left
hand. Both the child and her family expressed much satisfaction with her response
to the Botox treatment. Repeat injections, every 3—4 months, produced the same
effect. She reported no side effects after Botox injections.

Aside from cerebral palsy, trauma to the brain or spinal cord as well as genetic
and hereditary diseases also are major causes of spasticity in children. Spasticity
caused by these conditions also responds to botulinum toxin therapy [19, 20].

Technical Issues

In most CP children with spasticity, due to the diffuse nature of the spasticity, the
injector needs to be selective and treat the most affected muscles. In this regard
parents’ and child’s view need to be taken into consideration. Due to safety issues,
the total dose per injection should not exceed the safe levels reported in the litera-
ture. Currently, for Botox, a total dose 10—15 units/kg of body weight is considered
safe by most injectors. Although the units among the toxins are not truly compara-
ble, the following formula can be used for dose comparison among the various toxin
formulations: 1Botox unit = 2.5 Dysport = 40 myobloc, the first three being type
A toxins.
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The FDA recommended dosage for Dysport (first botulinum toxin approved for
lower limb spasticity in children) is 30unit/kg for one leg or 60 units/kg for both
legs or up to a total dose of 1000 units (approximately 300-350 units of Botox in
older children), whichever is lower. Botox is also now approved for treatment of
lower limb spasticity in children. Xeomin, another botulinum toxin type a is
approved for treatment of upper extremity in children over 2 years of age.

Injections for spasticity are usually done without generalized anesthesia. A
numbing cream (for instance Emla cream) can be applied to the skin an hour prior
to toxin injections if necessary. In the upper limb spasticity, flexor muscles of the
arm, wrist and fingers are mostly affected. Overflexion of these muscles due to
increased tone leads to flexed elbow, flexed wrist and if finger flexors are severely
affected, a clinched hand with all fingers flexed (Fig. 9.1).

In the lower limbs, adductors of the thigh (muscles that bring the thighs together),
flexors of the knee (hamstring muscles in the back of the thigh) and flexors of the
foot (gastrocnemius and soleus—Fig. 9.2b) are the most commonly affected mus-
cles. Involvement of these two latter muscles pushes the front part of the foot down
and pulls the heal up, giving the foot the appearance of a foot in a high heal shoe
(equinus position- Fig. 9.2a). This is a common problem among children with CP
and spasticity interfering with walking and standing.

For injections, the calf muscles are easily approached from the surface of the calf
using anatomical landmarks. Ancillary techniques can be used for better localiza-
tion of the muscles such as electromyography (recording electrical activity of the
muscle- EMG), nerve stimulation (to identify the desired muscle by stimulating its
nerve) and the ultrasound technique. Ultrasound has the advantage of directly show-
ing the muscle and the position of the tip of injecting needle into the muscle as well
as causing no pain (unlike EMG).

A

Fig. 9.1 (a) Clinched fist. (“Designed by Freepik” www.freepik.com) (b) lumbrical muscles.
Contraction of lumbrical muscles along with finger flexors of the forearm contributes to the posi-
tion of clinched fist. (Drawing courtesy of Dr. Tahere Mousavi)
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e

Fig. 9.2 (a) Equinus foot position (like horse foot) (b) Gastrocnemius (upper arrow) and soleus
(lower arrow) muscles of the calf the spasticity and high tone of which results in Equinus foot
position. (Drawing courtesy of Tahere Mousavi M.D.)

In equinous deformity, injection of botulinum toxin into the hamstring and soeus
muscles results in relaxation of culprit muscles and correction of the faulty position
[21]. It is important to start this treatment early before development of contractures
(replacement of muscle by connective tissue which is devoid of muscle function).

Botox, Dysport and Xeomin need to be diluted with normal saline before injec-
tion. Myobloc, a type B toxin is provided in a prepared solution form. Botox,
Dysport and Myobloc need refrigeration, while Xeomin does not. Details of toxin
preparation are provided in Chap. 3 of this book. In experienced hands, injections
are performed with a short thin needle and can be completed in a within few min-
utes. School age children often appreciate the positive effects of botulinum toxin
therapy which results in improvement of their gait and posture.

Botulinum Toxin Therapy for Prevention of Hip Dislocation
in Spasticity

In young children, spasticity of muscles around the hip joint gradually pushes the
head of the long thigh bone outward, away from the hip joint (subluxation). In one
study of 98 children with CP, continuous lateral hip migration occurred in 86% dur-
ing growth and resulted in subluxation in 11.4% [22]. In young children, hip joint
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subluxation is painful and can interfere with sitting and walking. Corrective surger-
ies are not always helpful. Botox injection into the severely spastic muscles of the
thighs around the hip joints has been used to reduce the rate of hip dislocation in
young children with cerebral palsy [23].

Botulinum Toxin for Treatment of Movement Disorders
in Children with Cerebral Palsy

Alleviation of involuntary movements is another major indication of BoNT therapy
in childhood. Cerebral palsy and childhood diseases related to genetic or hereditary
disorders can affect nerve cells deep in the brain (basal ganglia) and cause a variety
of involuntary movements. Among these movements, one movement—dystonia- is
particularly responsive to BoNT therapy. Dystonia is described as involuntary twist-
ing and twitching movement of a limb or a part of it due to dysfunction of basal
ganglia, a part of brain that controls and coordinates movements. Dystonic move-
ments of the hand and finger disrupt the performance of daily tasks and impair the
child’s quality of life. As drugs used to alleviate dystonia are often associated with
side effects, injection of botulinum toxin into the muscles involved in dystonic
movements is now considered the first line of treatment for many such conditions in
both adults and children.
In children, three disease conditions produce dystonia more often than others:

1. As mentioned earlier, in one type of cerebral palsy, abnormal movements are
more prominent than spasticity. In children with this type of CP, dystonia of neck
muscles pulls, turns and twists the neck and causes neck and shoulder pain in
addition to social embarrassment (cervical dystonia). BONT injection into shoul-
der and neck muscles suppresses dystonic posture and neck movements and
relieves pain [24].

2. Genetic disorders in which dystonia is the main clinical feature are referred to as
primary dystonias. To date, more than 40 different types of primary dystonias
have been described and, in more than half, the gene(s) has been identified.
Although these early onset dystonias are generalized (affecting all limbs), botu-
linum toxin injection can be focused on the muscles that are more severely
involved (arm, leg, neck) and provide relief.

3. A group of drugs called neuroleptics (example: haldol) used for treating depres-
sion or schizophrenia are capable of producing persistent abnormal, involuntary
movement. Sine these movements (side effects) can develop late during treat-
ment with these drugs they are called tardive (delayed) dyskinesia (abnormal
movement). Such dyskinesias may develop in the face, limbs or both. The move-
ments can be persistent focal muscle twitches or take the form of dystonic move-
ments (as described earlier). These movements respond well to injection of
botulinum toxin into the quivering or dystonic muscles. A more detailed descrip-
tion of botulinum toxin treatment in dystonia is given in Chap. 8.
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Tic Movements

Tic is an involuntary, abnormal movement characterized by rapid onset, short dura-
tion (seconds) and repetitive nature, often preceded by an urge to move. Motor tics
can be simple (just movement) or have more complex manifestations. In Tourette
syndrome/TS (named after a French physician), motor tics are associated with gut-
tural sounds and involuntary vocalization. Repetitive, frequent motor tics involving
shoulder and neck muscles are exhausting and sometimes painful. Tics have their
onset in childhood. Frequent tics of Tourette’s syndrome (TS) can be disabling in
teenagers.

Dr. Jankovic and his group from Baylor college of medicine were first to show
that shoulder and neck tics can be greatly reduced after injecting Botox into the
affected muscles [25]. Botox injections also reduced the urge to move in these
patients. Others have shown that injecting Botox into the vocal cord muscles (with
minscule doses of 1-2 units) in older children with TS can reduce vocalization
(more detail on botulinum toxin therapy for tic disorders is described in Chap. 8).

Indications for Use of Botulinum Toxin in Eye-Related
Problems in Children

In several disease conditions, one or more muscles that move the eyes develop
abnormal hyperactivity and increased tone. This overactive, hypertonic muscle (s)
can interfere with normal eye movements and cause symptoms such as double
vision (diplopia), blurred vision and headache. Since the chemical neurotransmitter
released at the nerve endings that activate eye muscles is acetylcholine (same chem-
ical as that of other body muscles), injection of BoNTs into the affected eye muscle
can improve patients’ symptoms by inhibiting the release of this neurotransmitter.
Before discussing botulinum toxin therapy in children with strabismus (crossed
eyes), providing a brief knowledge of eye- muscle anatomy would be helpful:

Each eye has six muscles that control movements of the eyeballs in different
directions. Two of these muscles move the eyes straight up or down; they are called
rectus (straight) muscles. For example, the right superior rectus muscle, moves the
right or left eye straight up and the right inferior rectus moves the eye straight down.
There are two oblique muscles that also move the eye obliquely up or obliquely
down toward the midline. There is one medial rectus muscle per eye that moves the
eye straight toward the nose and one lateral rectus muscle per each eye that moves
the eyeball straight laterally (toward the ear) (Fig. 9.3). The nerve supply for eye
muscles comes from the so called cranial nerves. There are 12 nerves that after
emerging from the brain provide innervation to the eyes, head and face muscles. The
fourth cranial nerve innervates the oblique muscles, the sixth cranial nerve inner-
vates the lateral rectus muscles and the rest of the eye muscles (superior and inferior
rectus and medial rectus) get their nerve supply from the third cranial nerve.
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Fig. 9.3 Muscles that move the eye in different directions. (Courtesy of Ludwig and Czyz [26]
and Stat Perls publishing, 2018 and OpenStax. Reproduced under creative commons licence
CC by 3)

These muscles are yoked, meaning that the two muscles with opposite functions
closely work with each other. For example, lateral rectus muscle of one eye and
medial rectus of the other eye work together to align the axis of the two eyes in
lateral and medial directions of gaze so that a single image from the two eyes is
conveyed to the brain.

A separate single and small muscle, attached to the upper lid at the midpoint
above each eye, moves the upper lid up and helps to open the eyes. It is called lifter
of the upper lid (levator palpebrae superioris).

Strabismus

The word strabismus means squint in Greek. In medical terms, it means malaligned
eyes (crossed eyes). It results from hyperactivity of one or more eye muscles leading
to impaired alignment of the two eyes. When one eye deviates medially toward the
nose, strabismus is called esotropia (crossed eyes). Exotropia refers to divergent
strabismus when one eye deviates laterally.

Strabismus can develop in infancy, childhood or in adulthood. When it develops
in infancy or early childhood (most cases), the cause is often unknown; in many
older children and adults, strabismus develops after trauma to the eyes or local
infections. Esotropic strabismus (crossed eyes) occurs in 1% of normally born chil-
dren. In infants with strabismus, the danger is loss of vision (amblyopia) in the
affected eye since brain suppresses the image that comes from that eye. The recom-
mended management for infants with strabismus is patching one eye at a time (alter-
nate patching) until the child grows older and can have corrective surgery or
botulinum toxin injections. Surgery via cutting the fibers of the hyperactive mus-
cle—for example, medial rectus in the case of esotropia (eye turned in medially
toward the nose) had been the main approach until late 1980s. After 1989,
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botulinum toxin injection provided an alternative to surgery. In older children and
adults, common complaints of strabismus are double vision, headaches and
blurred vision.

The neurotransmitter, a chemical that is released by the nerves near the eye mus-
cles and activates them—same as other muscles of the body, is acetylcholine. As
mentioned earlier in this chapter and in more detail in Chap. 2 of this book, botuli-
num toxins block the release of acetylcholine at nerve endings. Alan Scott, an oph-
thalmologist in California, first introduced botulinum toxin injections for treatment
of strabismus (Chap. 1, history of botulinum toxin therapy) . After decades of
research on monkeys’ eyes, Dr. Scott showed that injecting Botox into the hyperac-
tive eye muscles of the patients with strabismus can relax the injected muscle, cor-
rect eye alignment and alleviate the symptoms of strabismus [27]. In 1989, FDA
approved injection of Botox into the eye muscles for treatment of strabismus.
Strabismus was one of the first three FDA approvals for botulinum toxin therapy in
the US—the other two were spasm of the eyelids (blepharospasm) and hemifacial
spasm (twitching of half of the face—both predominantly adult ailments.

Currently, it is believed that botulinum toxin therapy and surgery have compa-
rable efficacy in correcting strabismus. Botulinum toxin therapy has three advan-
tages over surgery:

1. Duration of anesthesia is shorter
2. The local pain after botulinum toxin injection is subtle and short lived
3. The procedure is considerably shorter than surgery

The main disadvantage is the need for meticulous titration, as overdosing can lead
to too much weakening of the injected muscles causing further problems such as
drooping of the eyelid and persistent double vision, albeit all disappear after a
few months.

Since the original observation of Dr. Scott, and his group, other researchers have
shown the efficacy of botulinum toxin treatment in alleviating strabismus related
symptoms in several studies [28-30]. In England, Dysport, another type A botuli-
num toxin, is used more often than Botox for treatment of strabismus. The results of
Dysport therapy for strabismus have been reported to be as effective as Botox and,
in some reports even more promising. In general, esotropia (eyes turned in) responds
better than exotropia (eyes turned out). In children, one injection often produces
long-term effects, whereas in adults, similar to other movement disorders treated
with botulinum toxins, repeated injections are necessary. Children younger than
2 years are not usually injected since in some children, strabismus may resolve
spontaneously up to that age. Recent studies are focused on long-term results of
surgery compared with botulinum toxin therapy and/ or possible benefits from com-
bined therapy (surgery and botulinum toxin injections). Some debate still continues
in academic circles on the issue that what is the preferable procedure—surgery or
botulinum toxin injections. Currently, three high quality protocols are ongoing to
answer this question [31].
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Technique of Injection

Currently, three methods are applied for injection of Botox or Dysport into the eye
muscles for improving crossed eyes. In most cases, a short-term 10—15 min inhala-
tion anesthesia is required. Some practitioners inject Botox or Dysport with a fine
needle through the surface of the eye (conjunctiva) directly, using only anatomical
guidelines. This has the drawback of sometimes missing the culprit muscle and
causing spread of the toxin to unwanted eye muscles. The results can be develop-
ment of double vision and drooping of eyelids. An alternative way preferred by
many ophthalmologists, is starting with a small (2 mm) incision on the surface of
the eye through which (inspection) the muscle of choice is identified and injected.
Injections are carried out with a very fine needle (gauge 30). The third method is
injecting the eye muscle after confirmation by electromyography (EMG).
Electromyography is a procedure that records the electrical activity of the muscle.
Special hollow EMG needles are available in the market that allow EMG recording
as well as injection of the BoNT into the muscle via the hollow core of the same
needle. The drawback is additional time spent for electromyographic identification
and availability of an expert electromyographer during the procedure.

The dose of the injected toxin) into the eye muscles is small, only a few units
(usually 2-3), compared to the much larger doses used for dystonias or spasticity.

Promoting Healing of Damaged Cornea

Trauma and infection when damage the cornea, if not managed properly, can leave
a scar in the cornea leading to permanent loss of vision. Blinking and exposure to
air can further irritate the damaged area and delay or prevent healing. Injection of a
small amount of botulinum toxin in the muscle that moves the eyelid up and initiates
the “blink” movement can paralyze this muscle (levator of the upper lid) and close
the eye for 2-3 months. This will prevent constant eye irritation through blinking
and air exposure and facilitate healing of the damaged area [32].

Treatment of Excessive Drooling (Sialorrhea)
in Cerebral Palsy

Children and adults with severe cerebral palsy may develop excessive drooling that
impairs their quality of life. Injection of botulinum toxins (Botox, Dysport, Zeomin,
Myobloc) into the glands that secrete saliva (mostly parotid and submaxillary
glands) can reduce saliva production and drooling. Both glands are easily approach-
able from the surface. The parotid gland is located over the angle of the jaw- barely
under the skin. The submaxillary gland is located under the arch of the jaw, a few
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Fig. 9.4 Parotid and
submaxillary glands are
the main glands that secret
saliva. Parotid gland is in
front of the ear and at the
angle of the Jaw.
Submaxillary gland is
under the jaw. Sublingual
gland (under the tongue) is
a minor contributor.
(Printed with permission
from Mayo Foundation)

Salivary glands
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centimeters medial to the jaw’s angle [Fig. 9.4]. Many injectors use just anatomical
landmarks for injection. Since the skin is sensitive, it needs to be numbed in chil-
dren by a numbing cream, or spray or both prior to injection. Injections are per-
formed with a very thin, and small needle (V2 inch, 30 gauge) and quickly into two
sites per gland. Some injectors prefer to inject four sites for the parotid gland. .
Using ultrasound technique is a more precise way to perform injections into these
glands since ultrasound shows the gland and the needle entering it and even the
volume of injected material into the gland.

Side effects are pain during injection, minor self-limited bleeding and, in rare
cases, transient swallowing problems. The latter is more of a problem when inject-
ing into the submaxillary gland, since missing it can spread the toxin close to the
esophagus- the tube that connects the mouth to the stomach. For submaxillary
gland, injections under ultrasound are highly advisable. For more detailed descrip-
tion of botulinum toxin injections for drooling and anatomical information related
to the salivary glands the reader is referred to Chap. 14 of this book. Recent litera-
ture indicate that injection of botulinum toxins into the salivary gland of children is
highly effective to reduce disabling drooling of children with cerebral palsy [33].

Ghazavi and co-workers [34] recently reported on the results of botulinum toxin
injections into the parotid and submaxillary glands in 12 children with cerebral
palsy. Each gland was injected with 0.5 units of Botox/Kg of body weight (10 units
for a child weighing 20 Kg). Injections reduced excessive drooling in all children.
Two thirds of parents were pleased with the results. Two of 12 children developed a
mild transient swallowing problem as a side effect. Recently, a meta-analysis of
literature on this issue derived from 24 studies concluded that botulinum toxin treat-
ment of drooling in children is effective and safe with no serious side effects [35].
Authors recommended not to exceed a total injected dose of 4 units per Kg body
weight (in case of Botox) per session.
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Conclusion

Botulinum toxin therapy can improve a variety of symptoms in children. High qual-
ity studies have demonstrated efficacy of botulinum toxin therapy in spasticity of
different causes (CP, neurodegeneration, trauma), involuntary movements (dysto-
nia, tics) and crossed eyes (strabismus) as well as excessive drooling in children.
These studies have shown that botulinum toxin therapy for these indications also
improves the quality of life of children. Long-term studies of botulinum toxin ther-
apy in children with spasticity and strabismus have demonstrated sustained efficacy
with repeated treatments. Injections for these indications in children is generally
safe if performed by experienced injectors adhering to recommended dosage guide-
lines. More on the safety issues with botulinum toxin therapy among children and
adults are reviewed and discussed in Chap. 17 of this book.
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Chapter 10
Botulinum Toxin Treatment of Bladder
and Pelvic Disorders

Check for
updates

Abstract Botulinum toxins blocks the release of neurotransmitters at nerve-muscle
junction. Neurotransmitters are chemicals that convey the message of the nerve to
the muscle and activate the muscle. In human, the main neurotransmitter of nerve-
muscle junction is acetylcholine that activates all skeletal muscles as well as vis-
ceral muscles such as those present in the bladder. Clinical research and experience
over the past 30 years have proved the efficacy of botulinum toxin injection into the
bladder wall in improving bladder overactivity problems. The symptoms of bladder
dysfunction, overactivity, urinary urgency and incontinence impairs the patients’
quality of life. Botulinum toxins are also effective in relieving pelvic pain in both
genders due to their blocking effect on pain neurotransmitters (substance P, gluta-
mate and CGRP).

Keywords Botulinum toxin - Botulinum neurotoxin - Bladder overactivity -
Urinary urgency - Incontinence of urine - Pelvic pain

Introduction

Bladder functions through the action of its muscles and nerves. Bladder muscles,
like any other muscle in the body, respond to nerve signals that come from the brain
and spinal cord. Botulinum toxins block the release of neurotransmitters at nerve-
muscle junction. Neurotransmitters are secreted at the nerve endings and their role
is activating the muscle. In human, the main neurotransmitter of nerve-muscle junc-
tion is acetylcholine that activates all skeletal muscles as well as visceral muscles
such as those present in the bladder. Clinical research and experience over the past
25 years have proven the efficacy of botulinum toxin injection into the bladder wall
in improving bladder overactivity problems. The bladder overactivity problems are
either due to damage to the bladder nerves seen in spinal cord injury and multiple
sclerosis or they may have unknown causes. The former is called neurogenic detru-
sor overactivity (NDO). Detrusor muscle is the main bladder muscle that partici-
pates in bladder filling and emptying. The conditions of unknown cause are simply
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designated as over active bladder (OAB) or idiopathic (cause unknown) overactive
bladder (IOB).

Botulinum toxins are also effective in relieving pelvic pain in both genders due
to their blocking effect on the pain neurotransmitters. Limited data indicate that
pain generated by inflammation of the bladder (interstitial cystitis) also responds to
injection of botulinum toxins into the bladder wall.

Botulinum Toxins

Botulinum toxin is produced by a form of bacteria called clostridium botulinum and
ingestion of a large amount of the toxins produced by these bacteria leads to the
serious illness of botulism. The history of botulinum toxin’s discovery as a thera-
peutic agent when prepared in an injectable and safe form is presented in detail in
Chap. 1. There are eight serological types of the toxin (A to G and X). Different
types of type A and type B toxin are described in detail in Chap. 3.

Because of the powerful effect of botulinum toxins on nerve- muscle junction
(see Chap. 2 for details), over the past 30 years, botulinum toxins have become first
line drugs for treatment of several hyperactive movement disorders. Botulinum tox-
ins are now approved by FDA for treatment of blepharospasm (forced and repeated
eye closures due to overactivity of eyelid muscles), hemifacial spasm (involuntary
spasm of the facial muscles on one side) and cervical dystonia (a hyperactive condi-
tion causing neck jerks and abnormal neck postures) [1, 2]. In addition, through the
same mode of action (blocking the release of acetylcholine release at nerve-muscle
junction), botulinum toxins’ role has now been established as a major mode of treat-
ment for improving and reducing increased muscle tone and muscle spasm (spastic-
ity) which occur after stroke or after brain or spinal cord injury [3-5].

The above-mentioned positive results with botulinum toxin therapy in a variety
of clinical muscle overactivity disorders have encouraged neurologists and urolo-
gists to look into the potential use of botulinum toxins for management of bladder
dysfunction related to the overactivity of bladder’s detrusor muscle.

Physiology of Bladder Function and the Role
of Detrusor Muscle

In healthy subjects, human kidneys generate 800—2000 milliliters of urine per 24 h.
The urine that is generated by the kidneys is carried to the bladder by two tubes
called ureters (Fig. 10.1).

The ureters connect the kidneys to the bladder where they insert into the poste-
rior aspect of the lower and narrowed part of the bladder called trigone (triangle).
The drainage of urine to the outside from the trigone is through a hole that opens
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Fig. 10.1 Kidney’s, Components of the Urinary System
ureters, bladder and
urethra. (Courtesy of
Wikibooks. Licensed under
https://creativecommons.
org/licenses/by-sa/4.0/)

into a single tube called urethra. Urethra is short in women 1.5 cm and longer in
men (10 cm) since it goes through the length of penis.

The bladder is an ovoid shape structure, located in the lower part of the pelvis.
The wider part of the bladder is located on the top, while the narrower part is at the
bottom (Fig. 10.1). Storage and emptying of the urine are managed by three essen-
tial muscles:

1. Detrusor muscle (Fig. 10.2): This is the main muscle of the bladder wall which,
while relaxed, allows the bladder to expand and store urine; the contraction of
this muscle is essential for the drainage of urine.

2. Internal urethral sphincter (Fig. 10.2): This small muscle which is around the
neck of the bladder contracts during urine storage and relaxes during micturition
letting the urine out of the bladder.

3. External urethral sphincter (Fig. 10.2): This muscle is located further down on
the path of urine drainage, and its function is similar to that of the internal
sphincter. However, it is under voluntary control.

The detrusor and internal urinary sphincter are special types of muscles called
smooth muscles that are innervated by the autonomic nervous system (sympathetic
and parasympathetic), and, hence, are not under voluntary control. The external
sphincter, has a structure similar to other muscles of the body referred to as striated
muscle and is controlled by volition.

During filling of the bladder, the pressure inside the bladder is constantly sensed
by the nerve cells located on the surface of the detrusor muscle. When the bladder
pressure reaches a certain point, these nerve cells signal filling of the bladder to the
nerve cells located in the spinal cord and brain, which in turn command the bladder
muscles to relax resulting in release and drainage of urine. The detrusor muscle
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Fig. 10.2 Bladder: Base (at the top), trigone, detrusor muscle, internal and external sphincters.
(Courtesy of https://upload.wikimedia.org/wikipedia/commons/d/dc/2605_The_Bladder.jpg)

contracts and pushes the urine towards the trigone, while the internal sphincter
relaxes and lets the urine out toward the external sphincter. At this time, the urgent
need for micturition is fulfilled by voluntary relaxation of the external sphincter
resulting in passage of the urine from bladder to urethra for micturition. The storage
and drainage of urine requires proper timing and synergy between detrusor muscle
and the two sphincters. In certain neurological conditions, synergy between these
muscles does not take place (detrusor -sphincter dyssynergia); this leads to urinary
retention. Overactivity or underactivity of detrusor muscles is also the cause of uri-
nary symptoms such as urinary incontinence or retention. Detrusor overactivity is
seen in some neurological disorders (neurogenic detrusor overactivity -NDO), but
sometimes the cause remains undetermined (overactive bladder—OAB). Detrusor
underactivity or paralysis of detrusor muscle, occurs in severe spinal cord injury and
is not responsive to botulinum toxin therapy.

Neurogenic Detrusor Overactivity (NDO)

Neurogenic detrusor overactivity (neurogenic bladder- NB) is the most common
type of bladder dysfunction in multiple sclerosis (MS) and spinal cord injury (SCI).
Research and clinical observation have shown that 50-90% and 70-84% of the
patients with MS and SCI develop NB, respectively, sometimes during the course of
their illness [6-8]. In both MS and SCI, presence of NB significantly impairs the
patient’s quality of life due to urinary urgency and incontinence.
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Control of bladder function takes place at several levels in the central nervous
system that involves the spinal cord, lower part of the brain (brain stem- pons) and
cortex of the brain where the large nerve cells are located. Multiple sclerosis and
partial spinal cord injury damage the nerve cells and nerve fibers that control blad-
der function. The result of this damage is increased excitability of the nerve fibers
that descend from the brain to the bladder and provide nerve supply to the detrusor
muscle of bladder. This is similar to what happens to other muscles of the body in
case of central nervous system damage; the affected muscles became overactive.
The term reflex bladder is also used sometimes for NB characterizing the overactiv-
ity of the bladder’s detrusor muscle in NDO/NB.

The symptoms of NDO consist of urinary urgency, urinary frequency and inabil-
ity to hold urine (incontinence), caused by involuntary and abnormal contractions of
a hyperactive detrusor muscle. Urinary urgency (desire to urinate) is the most com-
mon symptom and half of the people with urinary urgency have “urge incontinence”
wetting themselves during the urge to urinate.

Neurogenic detrusor overactivity often leads to decreased bladder capacity and
to retention of some urine with incomplete bladder emptying. Many patients experi-
ence discomfort at the time of urination. These symptoms make the patient prone to
developing recurrent bladder infections. Furthermore, increased detrusor pressure
can cause backing of urine, dilation of ureters (hydronephrosis) resulting to subse-
quent damage to the kidneys.

Conventional treatments of neurogenic detrusor overactivity include bladder
training, pelvic floor exercises and medications. Among general measures, losing
weight in overweight patients and avoiding drinking excessive tea or coffee are
often recommended. Bladder training is usually a 3—12-week course that includes
different behavioral approaches such as trying to delay voiding upon the urge to
urinate. Patients start with 5—10 min micturition delay, gradually extends the delay
time to several hours. This may not be successful in some patients since it requires
the ability to tighten the pelvic floor. Scheduling regular voiding times even in the
absence of an urge to void is also a part of bladder training. Pelvic floor exercises
aim to strengthen muscles of the pelvic floor which are located in the proximity or
are attached to the bladder (Fig. 10.3). The most common exercise is known as
Kegel exercise, usually taught to the patient by the physician or a physical therapist.
It may take up to 8 weeks before seeing satisfactory results with this exercise.

Medical therapy is focused on “urge incontinence” which is the most disturbing
symptom. The drugs that are used for treatment of urge incontinence are usually in
the category of anticholinergics since they block the action of acetylcholine- the
previously mentioned neurotransmitter that activates muscles after receiving the
nerve signal. Several drugs of this category (anticholinergics) are available in the
market under different trade names such as Detrol and Ditropan. Dryness of the
mouth, dryness of the eyes and constipation are common side effects. Elderly
patients may experience impairment of memory and confusion. Mirabegron, a
newer drug for preventing urinary incontinence does not cause dryness of the mouth
and constipation. Unfortunately, long-term effects of medications in treatment of
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Fig. 10.3 Position of the
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overactive bladder related to nerve damage is disappointing. Research has shown
that within 2 years after initiating the treatment, half of the patients stop taking these
medications either due to inefficacy or due to undesirable side effects [8].

Botulinum Toxin Treatment of Neurogenic Detrusor
Overactivity (NDO)

In 2000, Schurch and his colleagues first demonstrated the effectiveness of Botox
injections into the bladder wall in patients with detrusor muscle overactivity.
Seventeen of their 19 patients completely regained urinary continence 6 weeks after
treatment and, in 11 patients, continence of urine persisted for 36 weeks after a
single session of injections. Furthermore, they have shown that patients’ maximum
bladder capacity increased up to 482 milliliters.

In 2010, FDA approved Botox injections into the bladder wall for management
of NDO symptoms based on two large, multicenter and double- blind studies (both
doctor and patient being unaware of the type of injection - toxin or placebo) consist-
ing of 217 and 416 patients affected by multiple sclerosis and/or spinal cord injury.
These carefully crafted studies that also compared the effect of 200 units of Botox
with 300 units, demonstrated significant reduction of incontinence episodes after
Botox injections as well as marked improvement of patients’ quality of life as mea-
sured by standard quality of life rating scales [9—11]. Furthermore, Botox injections
were safe and no patient developed any serious side effects. As 200 units was as
effective and had less side effects compared to the 300 units, the FDA approval was
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issued for the 200 unit dose. Subsequently, several follow up studies in both adults
and children have demonstrated maintenance of efficacy after repeated injections of
Botox over years (3—6 years) with the time interval between injections varying from
6 to 11 months [12-14].

During the past 5 years, high quality studies (double-blind, placebo-controlled)
have explored the efficacy of other type A botulinum toxins in treatment of neuro-
genic bladder. In one study of 47 patients with NB/NDO, investigators found the
injections of 750 units of Dysport (each unit of Disport approximates 2.5 units of
Botox) improved patients’ urinary incontinence significantly [15]. This positive
response of NB to Dysport was duplicated later in a larger, high quality study that
included nearly 500 patients [16]. In this study, reduction of urinary incontinence
correlated with significant improvement of patients’ quality of life. In a recent study
[15], investigators compared the results of Botox injection into the bladder with
bladder injection of Xeomin (another type A toxin with comparable units to Botox)
in 57 patients with neurogenic bladder secondary to spinal cord injury or multiple
sclerosis. Patients received a total dose of 200 units distributed over 30 sites. Patients
were followed for 12 weeks. Both botulinum toxins were equally effective in reduc-
ing urinary urgency, incontinence and improvement of patient’s quality of life. The
side effect profile was also similar for the two toxins. In 2021, FDA approved Botox
injections in children over 5 years of age for neurogenic bladder leading to inconti-
nence based on publication of high quality studies [12, 17].

The main side effect of Botox treatment of neurogenic detrusor
overactivity/neurogenic bladder is urinary retention. In a study of over 500 patients
with NB secondary to MS or SCI,, authors noted urinary retention following Botox
injection into the bladder in 29.5% and 7.2% patients with MS and SCI, respectively
[18]. When this complication occurs, patients need to do self-catheterization for
removing trapped urine from the bladder. For many patients with severe spinal cord
injury or advanced multiple sclerosis, this may not be a major issue since they are
already doing self-catheterization. The need for self-catheterization after Botox
injections, however, decreases with the passage of time. In one study of 227 patients
with NDO, researchers have shown that the need for self-catheterization in the third
and fourth year after initiation of Botox therapy dropped to 8% and 0% respectively
[14]. Increased urinary tract infections (reported in approximately half of the treated
patients [18]) and bleeding (usually mild) into the bladder are other complications
that require close attention and monitoring.

Injection Technique

Prior to bladder injections, the bladder wall is numbed with an anesthetic via an
endoscope. Endoscope is a device that allows to explore and visualize the bladder
wall while simultaneously allowing injection into the bladder muscle.

Prior to botulinum toxin injection, injection of an anesthetic, such as lidocaine or
alkalinized lidocaine is recommended to numb the bladder wall [19, 20]. For Botox
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injections, one group of experienced injectors recommends diluting 100 units of
Botox in 10 cc of normal saline [21]. Injections are superficial and on the surface of
the detrusor muscle at multiple sites almost in a grid-like pattern. The initial FDA
approved protocol spares the trigone of the bladder (lower part of bladder, Fig. 10.3)
and recommends a total dose of 200 units of Botox. As described earlier, recently
published high quality studies indicate that Xeomin and Dysport (two other type A
botulinum toxins) may be equally effective as Botox for treatment of urge inconti-
nence in NB.

Currently, there is a debate on the optimum number of injection sites. While
some authors advocate 20-30 injection sites, others have found that injecting the
toxin into 15 sites may be sufficient.

In recent years, several authors have recommend including the trigone of the
bladder in the injected plan since this region of bladder is rich in nerve fibers. Dr.
Smith and his colleagues from Baylor College of Medicine in Houston, Texas
include the trigone and adjust the dose based on the type and severity of the bladder
dysfunction. Their protocol for patients with mild symptoms recommends 9-10
injection sites with a total Botox dose of 100 units (Fig. 10.4). For patients with
severe symptoms who are already catheterizing themselves, 30—40 injection sites
are recommended with a total Botox dose of 200 units.
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Fig. 10.4 Technique of bladder injection: (a) (top left) 30 injections for patients with severe symp-
toms. (a) (top right) 10 injections for patients with mild symptoms. From Dasilva and coworkers.
Toxicon 2015. (Reproduced with permission from the publisher Elsevier. (b and c¢) site of injection
just under the mucosa of bladder surface)
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Overactive Bladder of Unknown Cause (OAB)

This category includes patients with undetermined cause of bladder overactivity.
Among adults, a prevalence of up to 16.9% has been reported in general population
increasing to 30% among those 75 years of age or older [22]. The symptoms of
OAB are very similar to those of NDO: mainly urinary urgency, frequency and
incontinence. These symptoms are managed similarly with bladder training, pelvic
floor exercise, anticholinergic medication, and more recently introduced drugs such
as mirabegron and oxybutyrin. As mentioned earlier side effects of these drugs and
lack of sustained action is a reason for exploring new modes of treatment.

In 2003, Dykstra and his colleagues were first to show that injection of botuli-
num toxin B) into the bladder wall can reduce the urinary frequency and inconti-
nence of patients with OAB (for descriptions of different types of botulinum toxins
and their units see Chap. 3) [23]. The authors compared the effect of different doses
of myobloc starting with 2500, 5000, 10,000 and rarely up to 15,000 units; the first
three roughly approximate 50—100 and 200 units of Botox, respectively. They found
no difference in efficacy between different doses. Subsequently, several carefully
designed, high quality, double blind studies with Botox in large number of patients
confirmed the efficacy of Botox for management of OAB symptoms [24-26]. Based
on these studies, Botox was approved by FDA for treatment of overactive bladder in
2013. The technique of Botox injection into bladder is similar to what was described
earlier for management of urinary incontinence in neurogenic detrusor overactivity
(NDO)/ neurogenic bladder (NB).

Cost Effectiveness

Several studies have shown that despite high cost of Botox therapy, this treatment is
cost effective for management of NDO and OAB symptoms. It is used infrequently,
every 6-9 months, has fewer side effects, and, in many instances, eliminates the
need for taking oral medications. Successful Botox therapy of NDO or OAB leads
to reduced number of doctor’s office and emergency room visits and less hospital-
izations [27].

Improper Contraction of External Sphincter of the Bladder
at the Time of Expected Relaxation

This condition is medically named sphincter-detrusor dyssynergia (SDD) meaning
loss of synergy between these two muscles. As was mentioned earlier, when bladder
muscle (detrusor) contracts in response the nerve signal, external sphincter muscle
(Fig. 10.2) relaxes and lets urine out of the bladder. In SDD, external sphincter
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undergoes contraction instead of relaxation in response to detrusor contraction.
SDD is caused by medical disorders that damage the nerve fibers that control blad-
der function; these nerve fibers originate from nerve cells of the brain and spinal
cord. Disease conditions such as spinal cord trauma, stroke or multiple sclerosis are
common causes of DSD. The result of impaired bladder emptying is urine retention,
recurrent infections and potential damage to the kidneys due to back up of the urine.

Technique of Toxin Injection in DSD Injections can be done by a cystoscope
which, in men is inserted through the penis. After reaching external sphincter, injec-
tions are usually performed at 4 points (3, 6, 9 and 12 o’clock locations). In women,
because of the short length of urethra, external sphincter is closer to the surface.

Several studies have shown efficacy of Botox in relieving the symptoms of DSD
(lasting 3-9 months) [28-32]. At present time, Botox treatment of DDS is not FDA
approved, but it is performed in some centers off label, by experienced physicians.
The main side effect of this treatment is urinary incontinence which results from
unwanted degree of weakening of the external sphincter muscle.

Botulinum Toxin Indications in Urogenital Pain Syndromes

As mentioned earlier, injection of US marketed botulinum toxins (Botox, Xeomin,
Dysport and Myobloc) into the muscle, not only inhibits the release of acetylcholine
(a neurotransmitter that activates muscle but also reduces and inhibits the function
of a number of pain neurotransmitters. These agents help to convey pain sensation
from periphery to the brain. Because of this action, researchers began to explore the
effect of botulinum toxin therapy on urogenital pain syndromes. There is now sup-
porting evidence that, at least in three of these conditions, local injection of botuli-
num toxins alleviates pain; these three conditions consist of male pelvic pain, female
pelvic pain and local pain related to chronic bladder infection (interstitial cystitis).

Male Pelvic Pain

Male Pelvic Pain pain is usually the result of chronic inflammation or infection of
prostate (chronic prostatitis). This condition is classified by the National Institute of
Health (NIH) as chronic prostatitis/chronic pelvic pain syndrome. It is the most
common urological disorder among men under the age of 50 with a prevalence of
2.5-16% [33]. The pain is felt in the lower part of the abdomen, pelvis and genitalia
and impairs the quality of life due to its severity and persistence.

The efficacy of botulinum toxin therapy for male pelvic pain is supported by
publication of two high quality studies. Both studies used Botox but the technique
of injection was different. In the smaller study which comprised 13 patients, the
injection was directed into one of the muscles of the pelvic floor (bulbospongiosus),
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whereas in the larger study (60 patients), the site of injections was the lateral lobes
of prostate (at 3 locations). Both studies used Botox with comparable doses of
100-200 units. Investigators of both studies reported that patients described a
marked reduction in severity and frequency of pain at 1, 3 and 6 months after injec-
tion; concurrent with notable improvements of their quality of life [34, 35]. Using
the criteria of the Development and Guidelines Subcommittee of the American
Academy of Neurology (AAN) (see Chap. 3), botulinum toxin therapy for male
pelvic pain would have a level B efficacy (probably effective based on I and one
class II). For this indication, however, Botox does not have FDA approval yet. The
treatment of male pelvic pain with botulinum toxin is, hence, currently off label
based on the supporting literature.

Female Pelvic Pain Chronic pelvic pain in women is most often (71-87%) associ-
ates with a medical condition called endometriosis [36]. In endometriosis, a tissue
identical to the lining of the uterine cavity (endometrium) is found abnormally in
other pelvic organs including the ovaries, the tubes that connect ovaries to uterus
and in the peritoneum. This abnormally located and misplaced issue, increases in
size and bleeds just as the normal endometrium does during the menstrual cycle.

The pelvic floor contains a dozen small muscles that surround the rectum and
vagina and connect the bony structures of front and back of the pelvis (pubis and
tailbones). Dr. Abbott and his coworkers from Australia were the first to show that
injecting Botox into two of the pelvic floor muscles (one connecting pubis to rectum
and one connecting pubis to tailbone) relieves pelvic pain in a group of women, a
majority of whom had endometriosis. Their study consisted of 60 women, 30 of
whom received 80 units of Botox and 30 received placebo (normal saline) [37]. The
patients were followed at 4-week intervals for 26 weeks. In addition to relief from
pelvic pain, women who received Botox, reported having less pain during inter-
course (dyspareunia) compared to those who received saline. Dr. Abbott and his
colleagues, observation, was supported by several other observations, among them
a study that reported pain relief and improvement of quality of life following Botox
injection in women with pelvic pain [38]. Close to 5% of the patients reported tran-
sient urinary and fecal incontinence as side effects of Botox injections. In another
study that combined injection of Botox into pelvic floor muscles with pelvic floor
physiotherapy, 58% of the affected women reported improvement of their pelvic
pain [39]. Dr. Barbara Karp and her colleagues at the National Institutes of Health
investigated the effects of botulinum toxin injections in women with pelvic pain and
endometriosis in a double-blind, placebo-controlled, carefully crafted protocol. The
preliminary results of this protocol are encouraging; the full results will be avail-
able, hopefully, in the near future. In a recent review of literature on this subject, Dr.
Karp has emphasized the need for more high quality studies in this area [40].

Pain Related to Bladder Infection (Interstitial Cystitis/Bladder Pain
Syndrome) Bladder pain syndrome (BPS) or interstitial cystitis (IC) is a debilitat-
ing condition that affects millions of people worldwide. It is believed to be due to
chronic inflammation of the internal bladder lining (part in contact with urine) that
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leads to irritation, pain in the area of the bladder, urinary frequency and urinary
urgency. Failure of body’s immune system is suspected in some patients, but the
cause of this bladder problem is currently unknown. No effective treatment is cur-
rently available. Instillation of hyaluronic acid into bladder helps some patients and
reduces the irritation of the bladder lining, but the results are often temporary and
pain recurrence is common. Hydrodistention (distending the bladder with water)
also produces some degree of pain relief in some patients. The effects of painkillers
in interstitial cystitis (IC) is often not sustained.

In recent years, several studies have shown that injection of bladder wall with
botulinum toxins can relieve pain and improve quality of life in patients with inter-
stitial cystitis/bladder pain syndrome [41-45]. This is probably via the dual action
of botulinum toxin: 1- relaxing the bladder wall and 2- blocking the effect of chemi-
cals known as pain transmitters (described earlier in this chapter and in detail in
Chap. 3). Preference for injection locations varies among different investigators.
Some prefer to inject the body of bladder and others have found injecting into blad-
der trigone which is rich in nerve fibers (usually 10 injection sites) more helpful
[45-47].

One comparable study has shown no difference between the two locations (tri-
gone versus body of the bladder) [48]. The recommended dose for Botox is 100 units
and for Dysport (another type A toxin) 300 units [48]. In one study, combining
Botox injection with hydrodistention was more effective in relieving the symptoms
of IC than hydrodistention alone [49]. Repeated injections of Botox for treatment of
IC have been found to be generally safe [50] with sustained long-term efficacy (over
years) achievable [51].

Botulinum Toxin Therapy for Enlarged Prostate

Among male patients, increased size of the prostate (prostatic hypertrophy) exerts
pressure against urethra (the tube draining urine from the bladder), and causes a
variety of symptoms including slowness of voiding, weak urine stream, incomplete
emptying and, sometimes, incontinence. Researchers have tried to show if injection
of botulinum toxin into prostate by decreasing the size of prostate can help the uri-
nary problems. The results of research in this area have ben conflicting. Currently,
botulinum toxin therapy (injections) is not recommended for management of uri-
nary symptoms solely related to enlarged prostate.

Conclusion

Many drugs have been tested for treatment of urinary urgency or incontinence
resulting from neurogenic bladder [NP] or overactive bladder [OAB], but the results
have often been disappointing due to poor sustained efficacy and disturbing side
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effects [52]. Botulinum toxin injection into bladder wall improves symptoms related
to bladder dysfunction and discomfort (urgency, frequency). Botulinum toxin ther-
apy is approved by FDA for treatment of bladder overactivity either related to nerve
damage (neurogenic bladder/neurogenic detrusor overactivity-NB/NDO) or bladder
overactivity of undetermined cause (overactive bladder-OAB). FDA has not yet
approved botulinum toxin therapy for treatment of interstitial cystitis (bladder pain
syndrome), but the American Urological Association advocates it as one mode of
therapy for this painful condition. Botulinum toxin therapy (injections) is probably
effective in relieving male pelvic pain (level B evidence- see Chap. 3). For female
pelvic pain the preliminary data are encouraging, but experts encourage waiting for
the results of more high quality studies.
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Chapter 11

Botulinum Toxin Therapy for Problems
Related to the Gastrointestinal System
(Alimentary Tract)

Check for
updates

Abstract Injection of Botulinum toxins into the sphincters of the alimentary tract
improves symptoms due to contraction and spasm of these circular muscles located
in upper and lower esophagus, between stomach and small intestine, opening of bile
duct to small intestine and the anal region (anal sphincter). Local injection of botu-
linum toxin can help healing of anal fissure.

Keywords Botulinum toxin - Botulinum neurotoxin - Achalasia - Upper
esophageal sphincter - Lower esophageal sphincter - Pylorus - Sphincter of Oddi -
Anal fissure

Introduction

Alimentary tract includes the mouth, throat, esophagus (the tube that connects the
throat to the stomach), stomach and the intestines (gut). Food moves through the
alimentary tract and is digested in the stomach and further digested and absorbed in
the gut. The alimentary tract (AT) has a muscular wall. Two types of muscles are
represented in the AT, striated and smooth muscles. Striated muscles, like those of
the arm, leg and trunk muscles can be moved at will, whereas smooth muscles’
function is not controlled by volition. Most muscles of the stomach, gut or bladder
are of the smooth type; the individual is not usually conscious of their movement.

In the alimentary system, from upper part of the esophagus (the tube that con-
nects the mouth to stomach) to its end (anus, the orifice through which solid refuse
is excreted), there are five strong circular muscles. These circular muscles are called
sphincters. Sphincter is a ring shaped muscle that encircles an opening or a passage
in the body. In disease conditions, spasm or unwanted contraction of these sphinc-
ters can cause pain and discomfort and interfere with the passage of food.

The first sphincter of AT is located in the upper esophagus (upper esophageal
sphincter -UES) just below the lower end of the throat (pharynx) (Fig. 11.1). This
sphincter relaxes during swallowing (initiated by contraction of throat muscles) let-
ting food enter into the esophagus. The second sphincter is located at the junction of
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Fig. 11.1 Anatomy of the throat, the esophagus and the two esophageal sphincters (upper and
lower). (From Mathew Hoffman M.D. Human Anatomy-Digestive disorders- picture of
Esophagus—2009 and 2014 LLC Curtesy of Web Med)

the esophagus and stomach (lower esophageal sphincter- LES). Contraction of this
sphincter closes the opening between esophagus and stomach when no food is con-
sumed. During food consumption, and after contraction of the UES, the LES relaxes,
opens and lets the food enter into the stomach.

The third sphincter is between the stomach and the small intestine. This sphincter
is called pylorus. Pylorus in Greek means gate keeper. From this small circular
opening partially digested food passes to the duodenum (first part of small intes-
tine). The fourth sphincter controls the opening and closing of the bile duct. Bile
which is important for food digestion and is produced in the gall bladder enters the
gut through the bile duct. The sphincter that controls the opening and closing of the
bile duct is called sphincter of Oddi, named after an Italian physician who first
described it (Fig. 11.2). The fifth sphincter- the anal sphincter -encircles the anus
and controls the act of defecation. Relaxation of this sphincter lets the food refuse
out of the body.

All these sphincters can be affected and may not function properly if the brain or
spinal cord is damaged and the sphincters’ nerve supply from central nervous sys-
tem is interrupted. Common causes of such damages are stroke, trauma, Parkinson’s
disease and multiple sclerosis. Brain and spinal cord control the function of alimen-
tary sphincters through fine motor fibers.

In normal conditions, the function of every muscle in the body (including ali-
mentary sphincters) is maintained through a balance between excitation and inhibi-
tion. Brain excites the muscles through excitatory fibers that induce muscle
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Fig. 11.2 (a) Shows brick-like appearance of esophagus with barium column cut off at the region
of LES. (b) After botulinum toxin injection, LES opens and allows passage of barium towards
stomach. (From Yamaghughi et al. [13], image reproduced under Creative Commons CC BY 4.
Courtesy of PMC publishers)

contraction. These fibers release a chemical at their end that excites the muscle; this
chemical (transmitter) is called acetylcholine. The inhibitory fibers also have their
own transmitter which is different from acetylcholine. For reasons that are not well
understood, conditions that commonly damage the brain or spinal cord, damage the
inhibitory fibers more often than the excitatory fibers. This tilts the balance towards
excitation that gradually keeps the muscles in a state of continuous tightening and
contraction. In the limb muscles, this increased muscle tone is called spasticity. The
same tightening that affects the limb muscles can affect the function of all 5 above
mentioned sphincters of the alimentary tract. Therefore, tight sphincters can inter-
fere with the function of alimentary system at different levels. Botulinum toxin
injection into any muscle (striated or smooth) can block the release of acetylcholine
from the nerve endings and results in muscle relaxation. Because of this function,
injection of BoNTs into the hyperactive muscles has now become a major (and in
many cases the first line of) treatment in conditions that cause involuntary muscle
movements [1]. This is the basis of using botulinum toxin therapy for treatment of
alimentary symptoms related to hyperactive sphincter disorders.


https://creativecommons.org/licenses/by/4.0/
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Upper Esophageal Sphincter (UES)

UES is located in the lower end of the throat (pharynx) and is vertically 1-1.5 inches
long (Fig. 11.1). The main muscle of this sphincter is called cricopharyngeal muscle
(CP), predominantly making the UES’s posterior wall [2]. The main function of
UES is to prevent air from the lungs getting into the throat and prevent food from
coming back from the esophagus into the throat (reflux) after swallowing. After the
initiation of swallowing, UES relaxes and lets the food pass from the throat into the
esophagus. The act of swallowing generates a wave of muscle contractions in the
esophagus downward that moves the swallowed food or liquid toward the stomach.
The medical term for these wave- like contractions of esophageal muscles is peri-
stalsis, a term that also applies to the regular movements of the stomach and gut
muscles mixing and moving the food through the alimentary system. A tight UES,
caused usually by brain damage (stroke, trauma, multiple sclerosis) is unable to
function properly. In some patients the cause is unknown. Patients complain of
throat tightness, difficulty swallowing, and food getting stuck in their throat. When
the food is forced down, it may inaccurately move into the windpipe causing
strong coughs.

Treatment of UES tightness includes swallowing exercises, administration of
medications and surgery. A large number of swallowing exercises are prescribed by
speech therapists for management of UES tightness. These include forced multidi-
rectional tongue movements, jaw opening and closing exercises, and stimulation of
the palate with ice-cold spoons. In Shaker exercise, the patient lays flat on the back
without a pillow and lifts the head while looking at the toes for 10-15 s; this exer-
cise is repeated 5-6 times during the day. Other exercises include performing a hard
swallow several times a day. In Mendelsohn Maneuver, the individual keeps two
fingers against his/her Adam’s apple (AA) and then swallows. The Adam’s apple
(the protruded cartilage in front of the neck) moves up during swallowing and comes
down after swallowing is over. Patient is instructed to push gently against it and
prevent the AA from coming down after swallowing for a few seconds. This is
repeated several times a day.

Medications are not effective in relieving swallowing problems related to the
tightness of UES. Balloon dilatation of the constricted sphincter is effective, but the
effects are transient. Several surgical procedures have been practiced for improving
swallowing problems in this condition. Cutting some of the muscle fibers of this
sphincter by surgery offers partial relief, but the procedure has the risk of infection
and voice impairment; the latter due to damage to the nerve for the upper part of the
windpipe. Endoscopic laser surgery (using a device that visualizes the area), offers
a safer approach with fewer side effects.
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Botulinum Toxin Treatment of UES Dysfunction

Based on the known effect of botulinum toxins on nerve-muscle junction, i.e. inhi-
bition of the excitatory transmitter acetylcholine, investigators began to look at the
effects of injection of BoNT into UES for relief of UES tightness.

The first report on efficacy of Botox in relieving tightness of UES was published
in 1994 [3]. The authors injected a total of 20 units of Botox into the cricopharyn-
geal lower throat muscles and to LES. Five of seven patients had complete relief of
symptoms after injection. Dr. Sharzehi and his co-workers review of 2016 included
200 reported patients with LES tightness in whom the success rate with botulinum
toxin injection ranged from 43% to 100% [4].

In 2017, Dr. Alfonsi and colleagues published the largest series of patients with
UES dysfunction treated with BoNT injections [5]. Sixty seven patients with UES
dysfunction were injected with 15-20 units of Xeomin (a botulinum toxin A with
units comparable to Botox)) into the cricopharyngeal muscle (located in front of the
neck, lower part). The causes of UES in these patients included stroke, trauma and
multiple sclerosis. The authors described 52% of the patients as high responders
since BoNT injection into the region of LES resulted in >2 levels of improvement
in Dysphagia Outcome Severity Scale (DOSS). In 67% of the patients, the positive
effect of BoNT injection lasted more than 4 months; some of these patients had
relief that lasted up to 1 year. No serious side effects were noted in the responders.
However, two patients who did not initially respond and were reinjected developed
pneumonia. The authors emphasized risks associated with reinjection of non-
responders (exposure to higher dose). More recently, the injection techniques have
improved via using ultrasound technique that allows direct visualization of the UES
and the tip of the injecting needle [6—8]. In one of these studies [6], over 80% of the
21 injected patients showed significant improvement of swallowing after botulinum
toxin therapy of CP muscle. Toxin therapy is now an acceptable alternative to sur-
gery for improving symptoms related to dysfunctional UES. The injector, however,
needs to have significant familiarly with the anatomy of throat and esophageal
structures.

Tightness of Lower Esophageal Sphincter (LES)- Achalasia

The word achalasia is of Greek origin and means failure to relax (Khalan, Khalasis:
relaxing). This entity was first described by the English physician, Thomas Willis,
in 1673.

In this condition, LES (Fig. 11.2) fails to relax and allow the passage of food
from esophagus to the stomach. Unlike dysfunction of UES which often occurs dur-
ing the course of well-known neurological problems (stroke, trauma, Parkinson’s),
in most cases of LES dysfunction (achalasia), the cause is unknown. It is now gener-
ally believed that achalasia is a neurological disorder due to the failure of nerve cells
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located in the lower part of the brain (brain stem) that are responsible for both
relaxation of the LES and peristalsis of the esophagus. Peristaltic movements of the
esophagus push the swallowed food downward toward LES. Loss of relaxation of
LES and peristaltic movements of the esophagus lead to a large, dilated esophagus
which contains copious saliva and undigested food. This can be easily visualized by
radiography following swallowing a large volume of barium. The test will show
stagnant barium column in a dilated esophagus and a very narrow and bird-beak
shape LES at the junction of the esophagus and stomach (Fig. 11.3). Fluoroscopy
(video) of the esophagus can show the absence of peristalsis, the wave like move-
ments that move the food down the esophagus toward the lower esophageal
sphincter.

Achalasia is rare with an incidence of 0. 5-1.63 in 100,000 individuals [9, 10].
The symptoms start slowly with most patients seeking medical attention years after
the onset of symptoms (average 4—6 years) [11]. The most frequent symptom is dif-
ficulty in swallowing which is more prominent for solid food than liquids. Heart
burn and regurgitation of food are the next two common symptoms. A smaller per-
centage of patients (30—40%) complain of weight loss and chest pain. As the disease
progresses difficulty in swallowing becomes a disabling symptom.

The aim of treatment in achalasia is to reduce the tone and tightness of the lower
esophageal sphincter. To achieve this goal, two approaches are commonly imple-
mented. The area of narrowing can be dilated via a procedure called pneumatic
(balloon insertion) approach. Alternatively, some of the fibers of the lower esopha-
geal sphincter can be cut (myotomy) through a surgical approach. Although initial
success rate is high—=85% for dilation (pneumatic approach) and 90% for myotomy
(cutting some muscle fibers, part of sphincter), a substantial number of patients
demonstrate recurrence of symptoms after 4-6 years. Medical treatment of
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Fig. 11.3 Sphincter of Oddi(SO) (a) Ruggio Oddi the Italian anatomist who described loca-
tion and function of SO Sphincter of Oddi. (Image courtesy of Wikimedia produced under
Creative Commons Attribution Share-Alike license (CC-BY-SA); en.wikipedia.org/wiki/
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achalasia is not very effective. Calcium channel blockers and nitrates have been
prescribed with very modest results. It is due to limitation of the medical and surgi-
cal treatment approach in treatment of achalasia that a new mode of treatment that
provides efficacy with reasonable safety is sought.

Botulinum Toxin Treatment of Achalasia

The first high quality study investigating the efficacy of BoNT injection into LES in
achalasia was published by Dr. Pasricha and co-workers in 1995 [12]. These inves-
tigators have shown that injection of Botox into LES markedly reduces the sphincter
pressure, relaxes it and improves the patient’s symptoms. The findings were statisti-
cally highly significant when compared to the placebo (salt water) injections. Six
months after BoNT injection, 14 of 21 patients were still in remission. Botox was
injected into LES using endoscopy, an approach that uses a device that after inser-
tion into the mouth, is moved through the throat and directed to the lower esophagus
to visualize the changes in this area. Four injections, each 20 units, were used cover-
ing all four quadrants of the esophagus. No serious side effects were noted. These
positive results were duplicated by several investigators over the past 20 years [0,
13—15]. Other investigators have reported a transient over-relaxation of LES after
BoNT injection as a side effect resulting in reflux and heart burn. The success rate
of Botulinum toxin injections into LES in achalasia has been found to be compara-
ble with balloon dilatation and surgery (over 80%). Botulinum toxin injections are
believed to have less side effects compared to surgery. Reinjection after 6—12 months
is required.

Recent studies have shown that two types of botulinum toxin A, Botox and
Dysport (see Chap. 3 for toxin types), are equally effective in improving the symp-
toms of achalasia.

In a recent publication, Roland and co-workers described different therapeutic
options for treatment of achalasia [16].

Sphincter of Oddi (SO) Dysfunction

As described earlier, this is another sphincter that is important in proper progression
of alimentation. Described by Italian anatomist Ruggio Oddi (Fig. 11.2a), this cir-
cular muscle controls an opening through which both bile and enzymes from the
pancreas enter the gut, both important players in food digestion (Fig. 11.2b). The
term sphincter of Oddi dysfunction (SOD) applies to abnormal over contraction of
this circular muscle. It occurs in 1.5% of general population and is most common in
women between 20 and 50 years of age [16]. Approximately 25% of the patients
after complicated cholecystectomy (removal of gallbladder) and over half of the
patients with pancreatitis have been found to have SOD.
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Clinically, tightness of this sphincter can result in different symptoms. The most
benign symptom is isolated chronic pain, felt below the rib cage on the right side,
usually after eating. Other common symptoms include nausea and/or vomiting. The
diagnosis is made by measurement of the pressure inside the sphincter. A pressure
equal or exceeding 40 mm of mercury is consistent with increased pressure and
contraction of sphincter of Oddi. More serious clinical conditions related to dys-
function of SO arise from liver and pancreas damage due to backed up bile or pan-
creatic enzymes into these vital organs. In such cases, patients may develop severe
fatigue, poor digestion and/or jaundice (yellow skin) due to liver failure in addition
to local abdominal pain and discomfort.

Treatment of SO contraction is difficult. Oral medications are not helpful.
Surgery alone (cutting the muscle fibers of the SO) is also often not helpful and is
associated with serious risks such as bleeding, perforation or inflammation of the
pancreas. Studies in dogs have shown that injection of Botox into sphincter of Oddi
decreases the tone of this muscle and relaxes it [17]. Several pilot studies (not pla-
cebo controlled) have shown that injection of Botox into the SO relaxes this muscle
and reduces the inside pressure of SO substantially [18-20]. Pain relief occurs in
50% of the patients following Botox injection; also, some patients do better after
surgery if they have Botox injection prior to surgery. Higher quality studies with
long-term follow ups are needed to determine the role of Botox injections in reliev-
ing the symptoms of SO dysfunction.

The effects of Botox injection into SO for patients who have had partial removal
of their pancreas due to tumor or inflammation have been explored recently. Many
of such patients develop a fistula in the pancreas after surgery that complicates their
recovery. Two studies reported that injection of Botox into SD before surgery sig-
nificantly decreased development of fistula in the pancreas after partial resection
and improved the patient outcome [21, 22].

Hypertonic Esophagus

This group of esophageal motility disorders includes diffuse esophageal spasm and
nutcracker esophagus. The problem seems to be related to hyperexcitability of the
esophageal muscle itself related to decreased activity of inhibitory nerve cells in the
brain or enhanced effects of previously described nerve-muscle transmitter acetyl-
choline. Affected patients complain of difficulty in swallowing (dysphagia), nausea,
chest pain and regurgitation [23].

Medical treatment includes drugs that are commonly used for treating depression
such as tricyclic agents and calcium channel blocking agents. Oral nitrate, sildenafil
(50 mg) and isosorbide (10 mg) are the next line of treatment. If these measures fail,
some specialists recommend Botox injections. Usually, 100 units of Botox is diluted
in 4 ml of saline and injected into multiple sites in the lower esophagus, extending
from the region of LES to 5 cm and sometimes even farther upward. In one study,
between 70% and 90% of patients respond well to Botox injections with
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improvements apparent within 30 days [24]. The injections are particularly effective
in improving swallowing, but have little effect on other symptoms [25]. A repeat
injection is required in 6-24 months to maintain the acceptable level of efficacy.
Injection of botulinum toxin into the body of esophagus, however, encompasses a
higher risk (rupture of esophagus and infection inside the chest—mediastinitis) than
injection into to the upper or lower esophageal sphincters [26].

Partial Paralysis of the Stomach—Gastroparesis

Both sympathetic and parasympathetic nervous systems provide innervation to the
stomach. Normal function of these nerves which activate and relax smooth muscles
of the stomach controls gastric emptying. Gastroparesis is defined by delayed
gastric emptying in the absence of a mechanical obstruction. Gastroparesis is
much more common in women than men with a prevalence of 38 and 9.6/100,000,
respectively [27].

The symptoms of gastroparesis include nausea, vomiting, bloating, excessive
fullness after eating, weight loss, abdominal pain and early satiety. Patients may
ignore the mild early symptoms for a longtime before seeking medical care. The
diagnosis of gastroparesis is made most efficiently by a 4-h gastric emptying scan.

In approximately half of the patients with gastroparesis, despite modern medical
work up, the cause remains elusive. Common diseases associated with delayed gas-
tric emptying are diabetes, Parkinson’s disease, multiple sclerosis, surgical or acci-
dental injury to the vagus nerve (a part of the parasympathetic nervous system) that
contracts the stomach muscles and controls the function of pyloric sphincter—the
circular muscle that controls opening of the stomach into the gut. Movements of the
stomach and control of the pylorus are not under conscious control. Excess of cer-
tain medications also can cause delayed stomach emptying; most notable among
these medications are high doses of narcotics and certain drugs that are used for
treatment of Parkinson’s disease (Dopamine agonists).

Treatment of delayed gastric emptying starts with dietary counseling and nutri-
tional management. In advanced cases, feeding may have to be done via a tube that
delivers food directly to the first part of the gut through a hole opened in the abdo-
men. The most effective medication for improvement of gastroparesis is a drug
called metoclopramide (Reglan) that works on the dopamine system. Surgical treat-
ment focuses on cutting the muscle fibers of the pylorus, electrical stimulation of
the stomach or even, in severe cases, removal of the stomach. Many patients remain
unsatisfied with the results of these medical and surgical treatments.

The first data on the use of Botox injections in gastroparesis was published in
2002 [28]. In this study, injection of 100 units of Botox into the pylorus (the sphinc-
ter between the stomach and the first part of the gut) in patients with gastroparesis
secondary to diabetes improved the symptoms of 50% of the patients as well as
showing improvement of the gastric emptying tests. Three other open label studies
(without placebo arm and no blinding of the patient or physician to the type of
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injection) have reported similar positive results [29-31]. Some of these studies used
a higher dose of 200 units of Botox. Younger patients, women and those patients
with unknown cause for their gastroparesis responded better to Botox therapy. The
response usually lasted 4-5 months. Unfortunately, these positive results were chal-
lenged by the results of two high quality studies that compared the effect of Botox
injections with placebo. These studies demonstrated improvement of gastric empty-
ing tests after Botox injection, but failed to show substantial improvement in the
patients’ symptoms [32, 33]. Furthermore, some investigators claim that stomach
lining may harden after Botox injections, the long-term effects of which are not
clear. Due to these issues and concerns, currently, Botox injection into the pylorus
remains a debatable approach for treatment of gastroparesis.

Botulinum Toxin Therapy for Disorders of Anal Sphincter

Anismus

In this condition, external anal sphincter and the muscle attached to it (puborectalis
muscle) that connects pubis to rectum, develop high tone and spasm interfering with
defecation. In many cases of anismus, instead of relaxing at the initiation of defeca-
tion, anal sphincter and puborectalis (PR) muscle contract and make defecation
painful and uncomfortable. Anismus can result from surgery of the ano-rectal area,
hysterectomy, trauma to the region and even stress but, in many cases, the cause
remains undetermined.

Treatment of anismus is difficult. Soft dietary regimen and improving stress is
helpful in some patients. Special biofeedback sessions have been reported to help,
but success is limited. In severe cases, surgery is recommended. Cutting some fibers
of the sphincter and PR muscles reduces the tightness of these muscles and can
provide relief in over 50% of the patients. Surgery, however, carries the risk of fecal
incontinence and infection.

Application of botulinum toxin therapy for treatment of anismus was first studied
by Dr. Hallan and his associates in 1988; they reported significant improvement of
constipation in seven patients with anismus after botulinum toxin injection into anal
sphincter [34]. In a review paper published in 2016, Emile and coworkers discussed
the published data from seven papers in which authors studied the effect of Botox
injection into the anal sphincter for improving anismus [35]. A total of 189 patients
were included in these seven studies. The Botox dose varied from 20 to 100 units.
Injections were carried out in multiple locations, mostly posterior and lateral into
the sphincter. The average rate of success was 77% after the first injection.
Approximately 45% of the patients were still satisfied 4 months after treatment. The
incidence of side effects was 7.4% and included two patients with fecal inconti-
nence (mild and transient) and one with rectal prolapse.
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The side effects with Botox injections are, in general, lower than that of surgery,
but treatment needs to be repeated in over half of the patients every 4—6 months.
Injections are performed using a thin 27.5 or 30 gauge needle following application
of local anaesthesia. The use of electromyography which shows the electrical activ-
ity of the muscle, or ultrasound which visualizes the muscle, adds to the procedure’s
accuracy. For Botox, most clinics use a total of 100 units, often divided between
anal sphincter and the PR muscle.

Botulinum Toxin Therapy in Hirschsprung’s Disease (HD)

Hirschprung’s disease is a congenital condition that results from lack of migration
of nerve cells (ganglionic cells) to the rectum (last part of alimentary tract) and to
the anal sphincter. As a result, rectum and anal sphincters (internal and external) are
devoid from nerve cells and, hence, cannot function normally. It affects approxi-
mately 2-2.8 individuals among 10,000 newborns [36]. The disease often presents
in babies with inability to defecate leading to enlarged rectum and predisposition to
a serious and life-threatening infection entrocollitis [37]. Affected children become
febrile, suffer from abdominal pain, nausea and diarrhea, in addition to constipa-
tion. Boys are affected five times more than girls by HD.

Medical treatment of HD is difficult. Rectal irrigation and application of laxa-
tives or topical nitric oxide offer some comfort. Some authors recommend to com-
bine these measures with pelvic flood physiotherapy. Posterior myotomy of internal
anal sphincter (cutting muscle fibers) improves the condition, but in many patients,
obstructive symptoms recur. In 1997, Langer and Birbaum first reported that injec-
tion of Botox (15 units) into the anal sphincter of 4 children with HD and persistent
symptoms after surgery, improved the symptoms significantly in 3 of 4 children
[38]. Since then, several studies have replicated these results in a larger number of
patients. The recommended total dose of Botox used for treatment of anal sphincter
in HD differs among different injectors varying from 20 to 200 units. In an extensive
review of this subject, the authors suggested a total dose of 100 units delivered into
the posterior and lateral part of the tight anal sphincter to avoid damage to the ure-
thra (the tube through which urine leaves the bladder) [39]. The total dose is deliv-
ered at 3—4 points. Botulinum toxin injections into anal sphincter is also reported to
be associated with decreased incidence of entrocolitis in HD [40].

Botulinum toxin injections into anal sphincter has been effective in reducing or
eliminating obstructive symptoms after sphincter surgery in HD [41]. In a recent
review of 14 studies that reported results on 278 post-surgical patients, 66% of the
patients with obstructive symptoms demonstrated significant improvement after
botulinum toxin injection. Adverse effects (anal pain and mild incontinence) were
seen in 17% of the patients, but were mild with short duration [42].
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Anal Fissure

Anal fissure is a tear in the skin of the anal area usually related to increased pres-
sure of the anal sphincter. The torn area leaves a small ulceration and causes signifi-
cant pain and discomfort during bowel movement. Anal fissures can develop
acutely or gradually. Once developed, the healing is difficult due to spasms of the
anal sphincter which pulls apart the edges of the fissure exposing the area to inflam-
mation/infection. Passage of hard stool, chronic diarrhea, prolonged vaginal deliv-
ery and anal sex are among common causes of anal fissure. Local pain, local
bleeding, skin irritation and persistent itch are common complains of the affected
patients.

First line of treatment of anal fissure is loosening the stool by using diets high in
fiber and drinking lots of water. Taking Sitz baths several times daily helps local
discomfort. Application of local analgesic creams such as lidocaine jelly (2%) and
local creams that make blood vessels relax (vasodilators), nifedipine and diltiazem
(calcium channel blockers) and nitroglycerin ointment are helpful in management
of anal fissure. Persistent and unresponsive anal fissures will require surgery which
includes cutting the fibers of anal sphincter in order to make it relax. The procedure
is helpful but has a high incidence of fecal incontinence specially in elderly patients
and women with multiple childbirths.

Botox injection into the anal sphincter, aiming to relax this sphincter and for
management of anal fissure was first described by Drs. Jost and Schimrigk in 1993
[43]. Injection of a small amount of Botox (2.5 units) into the external anal sphinc-
ter improved the patient’s symptoms and helped healing of the anal fissure.
Subsequent studies recommended higher doses of 10-20 units. A high quality study
(comparing the effect of Botox with placebo) has shown that patients who received
Botox injections demonstrated 5 or more times improvement of the symptoms and
healing of the anal fissure compared to placebo [44]. Another study of 100 patients
with anal fissure demonstrated that patients who received Botox injections into the
anal sphincter had significantly less incidence of fecal incontinence compared to
surgical sphincterectomy- 7% versus 33% [45]. Botox injections need to be repeated
every 4-6 months. A recent study compared the analgesic effect of local lidocaine
application, anal dilation and Botox injection in three groups of patients with anal
fissure (30 patients in each group). Botox injections were found superior to the other
two modes of treatment in relieving local pain. Botox therapy for management of
anal fissure (both pain and healing) is, therefore, effective and remains a good alter-
native for patients who do not want surgery or those who are at high risk for devel-
opment of fecal incontinence after sphincter surgery [46]. A recent published survey
by the Society of American Colon and Rectal Surgeons showed that 90% of 216
Society members who responded used Botox injection for healing and analgesic
effect in anal fissure. Two thirds of the injectors injected into the inner rectal sphinc-
ter at 4 points, circling the sphincter [47].
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Alimentary Problems Related to Tongue Dyskinesia
(Involuntary Movements)

Involuntary movements of the tongue are seen most commonly following exposure
to certain medications which interfere with the action of an organic chemical called
dopamine. Dopamine is present in abundance in brain cells and contributes to the
function of the motor system. Drugs that block the action of dopamine are now
widely used in psychiatry for treatment of schizophrenia and mood disorders.
Unfortunately, chronic exposure to these drugs may damage brain cells and cause
involuntary movements (tardive dyskinesia). Sometimes, these movements are
short-lived; sometimes, they can persist for a long time, even for life. Involuntary
movements of the tongue are often associated with involuntary movements of the
face and lips. Tongue movements are often multidirectional, side to side, rolling and
sometimes protruding. Involuntary tongue movements are also seen sometimes in
certain neurological disorders that involve the brain.

Treatment of tongue movements in tardive dyskinesias (often related to chronic
use of neuroleptic drugs) is very difficult. In lucky patients, the movements are self-
limiting and disappear within days or months after onset. For those with persistent
tongue movements, a drug called tetrabenazine that works on the dopamine system
offers partial relief.

Injection of botulinum toxins into the tongue can slow down the tongue move-
ments and improve patients’ alimentation as well as speech. Recent studies have
shown that injection of the tongue in tardive dyskinesia by diminishing the tongue
movement can significantly improve the patients’ quality of life [48, 49]. The treat-
ment, however, is risky and over dosing can lead to tongue paralysis for 2-3 months
causing significant feeding problems. In experienced hands, however, most patients
are happy since reduction of involuntary tongue movements improves alimentation
and quality of life. The author of this chapter recommends using Y2 inch or % inch
long needle (gauge 27.5 mm) through a lateral approach (one injection into each
side of the tongue). If using Botox, a starting dose of 5 units on each side of the
tongue is usually effective and pleases the patient (although the tongue movements
may not totally cease). The dose may be increased to 7.5 units per each side of the
tongue in subsequent injections (not in small tongues). The effect of Botox usually
lasts 3—4 months. Tongue injection should be done only by experienced injectors
after fully explaining to the patients the possible potentially serious side effects.

Conclusion

Hyperactivity of sphincter muscles can cause problems with passage of food through
different parts of the alimentary system. Botulinum toxin injections, by reducing
sphincter’s muscle tone, can help proper passage of food and improve patient’s ali-
mentation. Botulinum toxin therapy is effective in management of anal fissure both
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alleviating pain and enhancing healing. In medical disorders that result in involun-
tary tongue movements, injection of botulinum toxin into the tongue can reduce
movements and improve the patients’ quality of life.
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Chapter 12 )
The Role of Botulinum Toxin Therapy
in Joint and Bone Problems

Check for
updates

Abstract Animal studies have shown that local injection of botulinum toxins
improves pain behavior via blocking the release of pain transmitters and modula-
tors. In human, carefully designed studies comparing the effect of local injection of
botulinum toxins with placebo (salt water) have demonstrated efficacy of toxin
injection in relieving the pain of chronic osteoarthritis, local pain of tennis elbow,
chronic pain after knee surgery and knee pain related to tightness of lateral thigh
muscles.

Keywords Botulinum toxin - Botulinum neurotoxin - Tennis elbow - Lateral
epicondylitis osteoarthritis - Pain after knee surgery - Patellofemoral syndrome

Introduction

Botulinum neurotoxin (BoNT) is produced by a bacteria present in nature. It causes
serious illness when it enters the human body in large amounts through contami-
nated food. When used as a medicine, the toxin is quantified in units, each unit
reflecting certain degree and percentage of mortality among exposed mice. The con-
taminated food that causes illness in human usually contains hundreds of thousands
or even millions of toxin units, whereas the amount used for medical treatment
(through injection) is in most cases below 400 units.

The molecular structure of the botulinum toxin, history of its development as a
therapeutic agent in medicine, and the different kinds of botulinum toxin are
described in detail in the first three chapters of this book. In brief, of the 9 subtypes
of the toxin, only types A and B are currently used in medicine due to their long
duration of action. Five type A toxin are FDA approved under the trade names of
Botox, Xeomin, Dysport, Jeuveau and Dyxxify whereas only one type B toxin—
Myobloc—is FDA approved. Jeuveau is currently approved only for cosmetic use.
The toxin units for different toxin types are not exactly comparable. However, in
research and in medical practice, the following approximations are often used: Each
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lunit of Botox = 1 unit of Xeomin = 2.5-3 units of Dysport = 40-50 units of
Myobloc.

For medical use, botulinum toxin is only used via injection either into the muscle
or into/under the skin. Details of different botulinum toxin preparations, their need
for refrigeration and their unit differences are discussed in Chap. 3 of this book.
After injection, the carefully prepared and titrated toxin reaches the nerve ending
and the region of nerve -muscle junction. It is at this junction that after entering the
nerve ending the active moiety of the toxin—its light chain (see Chap. 2 for botuli-
num toxin structure)—prevents release of certain chemicals which are essential for
transmission of the nerve signal to the muscle and for muscle activation. In the
sensory system, botulinum toxin molecule blocks the function of sensory transmit-
ters that relay the pain sensation to the brain. It is this effect over the pain transmit-
ters that is of great interest in many medical disorders—inclusive of joint and bone
disorders—in which the patients are afflicted by pain.

In his chapter, we will discuss the effect of botulinum toxin therapy on pain asso-
ciated with chronic osteoarthritis, tennis elbow, pain after total knee replacement
and joint pain caused by imbalance of attached muscles.

Pain of Chronic Arthritis (Osteoarthritis)

The word arthritis describes inflammation of body joints. Each joint consist of two
bones and a fluid filled space (synovia) in between the two; cartilage (hard and slick
tissue), over the bone surfaces, along with a joint capsule (synovial membrane).
There are also ligaments, narrow bands of fibrous tissue that connect the bones
together (Fig. 12.1). Except for the cartilages, all structures of the joint including the

Articular cartilage Coxal (hip) bone

Acetabular labrum

Ligament of the

o head of the femur

Synovial cavity

Articular capsule

Fig. 12.1 Anatomy of hip joint—A thick synovial fluid is between the head of the long bone of
the thigh (femur) and the adjacent pelvic bone, to facilitate movements of the hip joint. (Courtesy
of WikiMSK. Permission to reuse is granted under Creative Commons Attribution-ShareAlike
(CC-BY-SA-4.0) license)
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bones are richly supplied by sensory nerves that sense pain. In addition, in chronic
conditions, a cascade of events leads to a phenomenon called sensitization in which
many structures that have low pain threshold become sensitive to pain and induce
pain. Peripheral sensitization (PS) is a complicated phenomenon, the details of
which are beyond the scope of this chapter. In brief, changes in several chemicals
known as pain transmitters and modulators enhance the sensitivity of peripheral
nerve endings to pain signals. Continued PS leads to central sensitization (CS) of
spinal cord nerve cells leading to pain chronicity.

Osteoarthritis (inflammation of bone and joint) is the most common cause of
pain among all pains involving the musculoskeletal (muscle and bone) system,
affecting approximately 250 million people worldwide [1]. During life, 10-12% of
all adults, experience osteoarthritic pain [2]. In the US, the number of patients with
osteoarthritic pain is growing due to the aging population and effects of obesity.
Osteoarthritis is among the leading causes of disability in elderly individuals [1].
The conditions that can be confused with osteoarthritis include trauma to the joint,
pain due to ailment of muscles close to the joint and fibromyalgia, a diffuse painful
muscle ailment associated with fatigue and sleep disorder.

Among body joints, the joints that are weight bearing, such as hip and knee joints
are most often affected by osteoarthritis. Over time and with age, the bones around
the joint grow small bone spurs which irritate the nerves and the soft tissues around
them. Gradually, local inflammation develops. Inflammation may affect the syno-
vial membrane (Fig. 12.1) and gradually lead to accumulation of fluid in the joint
(effusion). The involved joint becomes swollen and painful with pain getting worse
during joint activity. In some patients, genetic predisposition attributes to the devel-
opment of osteoarthritis.

The second most common form of arthritis is rheumatoid arthritis. Rheumatoid
arthritis can be seen in many young individuals. Rheumatoid arthritis is a disease of
the body’s immune system leading to inflammation of the joint capsule with subse-
quent destruction of cartilage and bone (Fig. 12.2).

Symptoms and signs of osteoarthritis include focal joint pain, joint stiffness, red-
ness, joint swelling and limitation of joint movements. These symptoms increase
with age and often lead to disability. Tests that are used for visualizing the joints are
useful in showing the extent of bone and cartilage damage. Among these tests, MRI
is most accurate since it provides detailed definition of the bone and soft tissues.

Conventional treatment of arthritis includes multiple strategies. The results of
these treatment strategies are usually modest and, in most patients, the level of pain
relief is not satisfactory [1]. Medical treatment is often combined with physical
therapy that includes exercises designed to improve the range of motion along with
strengthening of the joints. Heat pads and ice packs may help to alleviate pain. In
obese individuals, loss of weight is recommended. Massage of the affected joint,
acupuncture and Yoga can also provide various degrees of pain relief.

Mild cases of osteoarthritis are treated by commonly used pain killers such as
aspirin or Tylenol. The drugs that specifically target inflammation but are not in the
steroid category such as motrin and advil are also frequently used for treatment of
osteoarthritis. More severe cases require steroid therapy [3]. Steroids can be taken
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Fig. 12.2 Normal joint and joints affected by osteoarthritis and rheumatoid arthritis. (Courtesy of
Mayo foundation)

orally (prednisone) or injected directly into the joint. Their chronic use, however,
may damage the cartilage and enhance progression of osteoarthritis. Injection of
hyaluronic acid into the joint has been shown to be helpful in some patients. This
material which has a viscosity similar to synovia (joint fluid) coats the bone surfaces
and may prevent further bone damage.

For the past few years, several new material have been tried for treatment of
osteoarthritis including cytokine inhibitors, platelet-enriched plasma, aspirates from
bone marrow, insertion of fatty material inside the joint (adipose tissue) or so called
expanded mesenchymal stromal cells (MSC); none have been found to have clini-
cally relevant long-term effects [4].

Surgery includes joint fusion, repair and replacement. Joint fusion is used for
smaller joints such as those of fingers and wrists. During the procedure, the surgeon
cuts across the bone above and below the joint, removes part of the bone and insert
new bone in order to shift the weight away from the damaged part of the joint. For
worn out joints, joint surfaces are replaced by metal or plastic parts.
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The modest effect of medical therapy in osteoarthritis, and reluctance of many
patients with OA to have surgery, encouraged investigators to explore the efficacy
of botulinum toxin injections for alleviation of pain in OA. As was discussed earlier,
animal studies have shown that injection of BoNTs into muscle or skin inhibits
release of pain transmitters from nerve endings and alleviates pain [5-7].

Following the observation that Botox injected into dog’s arthritic joints relieves
joint pain [8], researchers began to study its effect on human joints affected by
osteoarthritis. In 2006, Dr. Mahowald and his colleagues first reported that injection
of Botox into the shoulder (100 units) or limb joints (25-50 units) can alleviate pain
of arthritis in humans [9]. Another study, published in 2010, compared the effect of
Botox versus placebo and found Botox to be superior to placebo (saline injection)
in 60 patients with knee osteoarthritis [10]. In a recent, high quality, larger study
authors compared the effects of Botox with placebo (salt water) injection into the
knee joints of 121 patients with OA. The study was blinded meaning neither the
injecting doctor nor the patient knew what was injected (Botox or placebo). Half of
the patients received Botox. The effect of injections was assessed by another doctor
not involved in preparing the Botox or performing the injections. Standard scales
for evaluation of joint pain, patients ‘quality of life and patients’ degree of disability
were used to assess the efficacy of the treatment over months of follow up after
injections. The researchers found that Botox injection was statistically superior to
placebo in regard to pain relief, improvement of quality of life and patient disability
[11]. Botox and placebo groups had the same number of side effects which were all
minor and self-limiting. The finding of this study are in agreement with the results
of a recent review on the safety of BoNT injections in OA. This review [12] found
no patient in any of studies on BoNT therapy for OA with any significant side
effects after joint injections. Subsequently, several other studies also showed that
injection of different type A botulinum toxins, Botox or Dysport into the knee joint
of patients with OA can relieve joint pain [13-15].

These positive results were contradicted by a more recent study (blinded and
placebo-controlled) of 158 patients that found both botulinum toxin and placebo
(salt water-saline) injections into the knee joints of patients with knee arthritis pro-
duced the same degree of pain improvement [16]. There are, however, two issues
with this study: 1- the pain scale used in this study was not validated for use in knee
osteoarthritis, 2- most patients in the placebo arm of the study improved with the
injection of salt water. Whenever the placebo has the exact effect as the study’s
drug, the studied population is suspect to be unusually sensitive to placebo effect
invalidating the observation.

Over the past 10 years, several comparative studies have compared the effect of
intra-articular (IA) injection of botulinum toxins with other agents that are com-
monly used for relieving the symptoms (mostly pain) of osteoarthritis. In a study of
30 patients with advanced osteoarthritis of the knee, investigators found that com-
bined injection of Botox with triamcinolone(a potent steroid) was significantly
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superior in pain relief compared to triamcinolone alone over 6 weeks to 6 month
post-injection period [17]. In another study [18], IA injection of botulinum toxin
plus exercise was found to be superior to IA injection of hyaluronate, a compound
that is frequently used for achieving symptom relief in knee OA. Yet in another
study, IA injection of a triamcinolone was compared with IA injection of 100 units
of Botox in patients with knee OA [19]. Both injections were equally effective on
pain at 12 weeks, but authors found injection of the steroid offered more pain relief
at 4 weeks. In this study, the injected dose of Botox however, was 100 units, less
than 200-300 units used in most studies of knee arthritis. Moreover, chronic and
repeated steroid injections may lead to cartilage degeneration, bone damage or
unwanted metabolic changes, not seen with IA injection of botulinum toxins. Most
recently, an extensive review of this subject including 7 studies and 548 patients
with application of advanced statistical methods (meta-analysis) concluded that TA
injection of botulinum toxins is effective in relieving pain of knee osteoarthritis
[20]. The authors encouraged the need for conduction of more high quality (double-
blind, placebo-controlled) studies.

Much less research has been done on the role of IA injection of botulinum toxin
for relieving distressing symptoms of OA in other joints (shoulder, hip, ankle). One
study, cited earlier in this chapter, reported improvement of pain and function after
IA injection of Botox in 9 shoulder joints [9]. A recent systematic review of A
injections for ankle osteoarthritis concluded that the limited data on the currently
studied compounds (botulinum toxin, hyaluronate, plasma-rich protein) do not sup-
port evidence for a clinically relevant improvement of symptoms [21]. On hip osteo-
arthritis, preliminary data from two open label (not placebo- controlled) studies
suggest improvement of pain after injection of 400 units of Dysport [22] into the hip
joint or into the adductor muscles of the thigh (large muscles that bring the hips
together) [23]. Dysport is another botulinum toxin type A; each 2.5-3 units of
Dysport approximates 1 unit of Botox. For defining the role of botulinum toxins in
hip osteoarthritis, data from blinded and placebo-controlled studies are needed.

Tennis Elbow (Lateral Epicondylitis- LE)

Rungue, in 1873, coined the term “tennis elbow” for a pain disorder which involves
the elbow and causes an ailment in tennis players. It is believed that players with a
strong back hand repeatedly traumatize the tendon of one of the extensor muscles of
the wrist (short extensor/ extensor brevis) which is attached to the lowest part of the
long bone of the arm called lateral epicondyle (Fig. 12.3). As a result of repeated
trauma, multiple small tears develop in the tendon (where muscle attaches to the
bone) causing pain at the elbow region. Pathological evaluation of the involved
tendon often shows presence of mild inflammation.

Subsequent observations revealed that this form of muscle and bone injury is not
limited to tennis players and a wide range of trauma to this region can cause it such
as weight lifting or certain jobs that require repetitive pulling and bending of the
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Lateral Epicondylitis (Tennis Elbow)

humerus

extensor muscle

lateral epicondyle

injured/inflamed tendon

Fig. 12.3 Tennis elbow is caused by tears in the extensor wrist muscles close to lateral epicondyle
of the elbow. (Figure designed by Free Pik)

elbow can cause the same problem. It is believed that laborers lifting weights in
excess of 20 kg, more than 10 times per day can develop tear (s) in the tendon lead-
ing to LE [24]. Currently, the term lateral epicondylitis (LE) which means inflam-
mation of lateral epicondyle (Fig. 12.3) is used more frequently instead of tennis
elbow since the damaged muscle close to lateral epicondyle often manifests some
degree of inflammation (accumulation of reactive blood cells in the issue). However,
this term has also been challenged since inflammatory finding are subtle and may
not explain the severity of symptoms (pain and limitation of elbow function). More
recently, the term lateral epicondylosis (disease or dysfunction of lateral epicon-
dyle) is preferred by some investigators [24].

Lateral epicondylitis (epicondylosis) affects 1-3% of general population over
their life time. Men and women are equally affected with the age of onset being
between 35 and 55 years. Most patients gradually recover from this condition over
6-24 months. In 5-10% of the patients, however, the condition continues and
becomes the cause of chronic elbow and forearm pain [25]. Affected patients feel
the pain in the area of the elbow with radiation to the forearm. In some patients with
chronic pain, examination shows some limitation of wrist and finger movements. In
chronic cases, X-ray examination of the elbow shows local deposits of calcium in
25% of the patients. The MRI usually shows no significant bone or soft tissue
pathology. For most patients, surgery is not necessary unless a serious pathology is
suspected (tumor, infection, etc.).

Several medical and non-medical approaches have been tried for management of
the pain in chronic LE. These include exercise therapy, physiotherapy, taping the
elbow, bracing, laser therapy, applying braces, acupuncture, and ultrasound therapy.
Platelet-rich plasma injections is an expensive approach in which the patients’ own
blood is centrifuged and the buffer zone on the top (rich in platelets- blood cells
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which help to stop bleeding) is injected in the area of pain. The results of these
strategies in chronic LE are at best, modest, and consist of temporary pain relief.
Furthermore, the lack of high quality studies makes it hard to discern the utility of
these approaches. Local patches of glyceryl trinitrate have helped to relieve pain in
patients with LE according to high quality studies (using placebo as control), but the
results are temporary [26]. Among non-steroidal analgesics, diclofenac was shown
to improve pain of LE better than naproxen [24]. Injection of hyaluronic acid into
the joint, in a manner similar to that used in OA, has been reported to reduce the
elbow pain in patients affected by LE [27], but the effect is also short lived [28]. In
severe cases, injection of steroids (triamcinolone) into the joint for pain relief has
been used with temporary success in LE, but it has a high incidence of relapse.
Furthermore, repeated injection of steroids can cause unwanted bone degeneration
and metabolic abnormalities.

Surgery is reserved for patients who have failed medical treatment and is per-
formed in less than 10% of the patients [29]. Three different surgical approaches are
employed to alleviate the symptoms of LE. These include open surgery, percutane-
ous surgery and arthroscopic surgery. In arthroscopic surgery debridement of the
damaged tendon is performed via an instrument (arthroscope) without widely open-
ing the area. Follow up studies of large number of patients have shown comparable
results for all three surgical approaches in management of LE [30, 31]. Cohen and
co-workers have found, however, that the time to return to work was twice longer in
patients that underwent open surgery compared to those who had arthroscopic sur-
gery (mean 66 days versus 35 days) [29].

Botulinum Toxin Treatment of Tennis Elbow (LE)

Recognition of the pain killer potential of local botulinum toxin injection (now
approved by FDA for treatment of migraine) encouraged investigators to study this
mode of treatment for pain relief in LE. Over the past 20 years, several studies have
been published on the efficacy of botulinum toxin injections in alleviating LE symp-
toms. Among them, five could be classified as high quality since they blindly com-
pared the effect of the botulinum toxin injection with placebo (salt water injection)
in LE. One of these studies used Botox [32], whereas the other four used Dysport
[33-36]. As indicated earlier, Dysport is a type A botulinum toxin similar to Botox
(see Chap. 3 for details). Injections were performed either close to the painful epi-
condyle or a few centimeters lower into the short wrist extensor muscle that is
attached to the lateral epicondyle (Fig. 12.3). The Botox study used a total of
60 units, whereas in the four Dysport studies, the authors used 50-60 units, roughly
equivalent to 20-25 units of Botox. Each patient received 2-3 injections either close
to the elbow or a down the forearm over the short extensor tendon. Among the five
studies that compared the effect of Dysport or Botox with placebo, four have shown
that BoNT therapy is clearly superior to placebo in reducing pain and improving the
quality of life in patients with LE. The one study that did not show improvement of
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LE after botulinum toxin injection [34] assessed the pain only once, 3 months after
injection. This may explain the negative result of the study since by 3 months, most
of the effect of botulinum toxins is usually vanished (4 and 8 weeks assessment are
much more accurate).

The optimum location of the injection (at the area of epicondyle or down the
forearm into the short extensor muscle) and the optimum dose of the toxin (low dose
versus high dose) have been studied, recently. In one review of the literature [37],
researchers have found that toxin’s injection into the wrist extensor muscle at a
point(s) 1/3 of the length of forearm down from the involved epicondyle was more
effective than injection at or close to involved epicondyle. In another study, both low
dose (10 units) and high dose (50 units) of Medytoxin (Korean toxin with units
close to Botox) were effective, but the higher dose of 50 units better alleviated the
patients’ symptoms (pain and limitation of arm movement) [38].

Several investigators compared the effect of Botulinum toxin injection in LE
with other commonly used injectable substances (steroids, hyaluronic acid, etc.).
These studies showed that the two most effective treatments were injection of botu-
linum toxin type A (Botox or Dysport) or steroids (triamcinolone) [39—41]. Steroid
and botulinum toxin therapy had comparable efficacy in alleviating the symptoms
of LE, though in one review steroids were found to have better analgesic effect over
the initial 4 weeks after injection [41]. Botulinum toxin injection is probably less
painful than steroid therapy since it is performed with a thin and short needle.
Furthermore, repeated injection of botulinum toxin has less side effects than steroid
therapy (see steroid side effects described earlier in this chapter). Weakness of mid-
dle finger extension is a common side effect of botulinum toxin therapy in LE
(30-40%) which may last for several weeks. Future studies using smaller doses and
more refined methods of botulinum toxin injection may overcome this side effect.

Pain After Total Knee Replacement (Arthroplasty)

Advanced osteoarthritis of the knee which is associated with degeneration and
destruction of the knee joint limits the patients’ activity and may progress to total
immobility. Total knee replacement—total knee arthroplasty (TKA)—is a common
procedure for retaining the knee function. In 2010, the number of total knee replace-
ments in the US was 719,000 [42]. It is estimated that over half of all patients with
chronic knee osteoarthritis will undergo TKA. Modern knee replacement techniques
using the latest and most advanced hardware’s have been very successful in improv-
ing both the range of knee movements and patients’ ambulation. Surgery is usually
done under general anesthesia; an alternative is spinal anesthesia which numbs the
body below the waist. With spinal anesthesia, the patient has the option to remain
conscious during the operation.

Unfortunately, 10-34% of the patients develop chronic knee pain after TKA that
greatly impairs their quality of life. The pain can be a newly developed pain or an
enhancement of the pain that the patient experienced before surgery [43]. A number
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of factors have been associated with development or exaggeration of knee pain after
total knee surgery; these factors include having a high level of pain before surgery,
presence of other painful muscle or joint disorders and poor mental condition of the
patient [44].

Management of sustained pain after total knee arthroplasty consists of physical
therapy, stretch exercises and use of pain killers including opioids. Steroid injection
into the soft tissue and around the painful knee joint has been reported to relieve
pain in some patients. However, studies of medical therapy for pain after TKA are
open label (with no placebo for comparison) and, hence, the results are colored by
a moderate to high degree of bias.

Botulinum Toxin Therapy for Pain Following Total
Knee Replacement

In 2010, Dr. Singh and his colleagues published the results of a high quality study
on 49 patients among whom, 60 knees had total arthroplasty [45]. Thirty legs
received 100 units of Botox, diluted in 5 ccs of saline injected into the knee joint,
whereas the other 30 legs received 5 cc of saline (salt water, placebo) only. The
patients’ mean age was 67 years. Patients’ response was evaluated by several out-
come measures among them scales designed specifically to assess pain. A WOMAC
scale (western Ontario and McMaster Universities osteoarthritis index) was also
used to assess functionality, joint stiffness and pain. Patients were followed for
6 months after a single set of injections.

At 2 months, the WOMAC osteoarthritis scale showed significant improvement
of all three of its subsets (pain, functionality and stiffness) in patients who received
Botox injections, but not in the placebo group. There was also a marked difference
between the Botox group and the saline group in regard to response to pain in the
pain specific scales. A notable pain relief was noted in 71% of the patients who had
received Botox injections versus 35% in the placebo group—a finding that was
statistically significant. Side effects were minor, consisting of transient local pain
after injection and occurred with comparable frequency between the two groups
(Botox and placebo).

A sizeable number of patients after TKA surgery gradually develop progressive
increased tone in the muscles that flex the knee (hamstring muscle—the large mus-
cle located in the back of the thigh) leading to forced flexion of the knee and diffi-
culty in walking. Progressive stiffness of this muscle can lead to loss of elasticity
with replacement of some of the muscle fibers by non-elastic fibrous tissue, referred
to as contracture. Injection of botulinum toxin A into the flexor muscles of the knee
(hamstrings) decreases the muscle tone and prevents severe and disabling contrac-
tures (stiff muscle, lost volume and elasticity) [46, 47]. In a high quality study
(double-blind, placebo-controlled), patients who received 50 units of Botox into
each hamstring muscle demonstrated significant improvement of flexion contrac-
ture along with 18° improvement in knee extension [47].
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Chronic Knee Pain Due to Imbalance of Vastus Muscles
(Patellofemoral Syndrome-PFS)

A common cause of chronic knee pain is poor balance between the activity of lateral
and medial muscles of the thigh (vastus muscles). Vastus muscles along with the
rectus muscles (located in front of the thigh) extend the knee.

Overactivity of the lateral vastus muscle (vastus lateralis-VL) or/and delayed
activity of medial vastus muscle (VM) leads to misalignment of the patella (knee
cap bone) and causes chronic pain in front of the knee. The knee cap gradually shifts
laterally and tilts. The pain is felt in the front of the patella and is provoked by
ascending or descending stairs, kneeling, squatting and prolonged sitting [48, 49].
Patellofemoral syndrome (PFS) has an incidence of 9.2% [49] and is twice more
common among women especially, especially young women and those engaging in
sports (running, tennis, etc.).

Imaging of the knee joint by ultrasound or MRI may show displacement of the
patella. The goal of treatment is to reduce pain and swelling, improve the balance
between vastus medialis and vastus lateralis muscles, restore normal gait, and
improve postural control of the lower extremity. Treatment is difficult. Short -term
taping/bracing of the patella associated with special exercises to strengthen the
thigh muscles provides partial pain relief. Many patients rely on commonly used
pain killers with modest degrees of success. Surgery is usually not indicated. High
quality studies are not available to compare different methods of treatment in PFS
syndrome.

Botulinum Toxin Treatment of Pain Associated with PFS

In 2011, Dr. Singer and his colleagues reported on the results of a study that com-
pared injection of Dysport (a botulinum toxin type, A) with placebo (salt water) in
24 patients with vastus lateralis (VL) imbalance (PFS) [50]. Vastus lateralis is a
large muscle located on the lateral part of the thigh that extended lower leg below
the knee. The toxin injected group received 500 units of Dysport (roughly equal to
200 units of Botox) at 8 points into the VL muscle (Fig. 12.4). The same injection
method was used for the saline (placebo) group. The pain and leg function was
evaluated through standard scales, blindly, at 3 months. Patients who received
Dysport injections showed significant improvement in walking, stair climbing and
squatting, whereas those who received placebo did not. Furthermore, there was a
marked reduction of knee pain on the visual analogue scale (VAS), a scale that mea-
sures pain at 0—10 levels, reported by the patient. There was no significant side
effects after Dysport injections.

This observation was supported by subsequent open label (not blinded) studies
[51, 52]. In the most recently published study on this subject [52], Pal and co-
workers investigated the effect of botulinum toxin injection in both vastus lateralis
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Fig. 12.4 Method of botulinum toxin injection used by Singer and co-workers for treatment of
vastus lateralis imbalance. From Singer et al. [50]. The injecting syringe is connected to an EMG
needle that identifies the muscle via the sound of its electrical activity. A total dose of 500 units of
Dysport is injected into eight sites (marked by Xs) into the vastus lateralis muscle. Courtesy of
BMIJ Publishing group. Licensed under. (http://creativecommons.org/licenses/by/4.0/)

muscles in 13 patients with PFS. Patients’ main complaint was pain in the area of
knee cap. Patients’ position of the knee cap and degree of their patellar tilt was
documented by CT scan. The type of toxin, method of injection and the toxin dose
was identical to that used by Singer et al. [50]. Botulinum toxin was injected on both
sides and into the most distal part of the lateral rectus muscles (close to the knee).
Patients’ response to pain and their leg function were measured by standard scales.
Botulinum injection was combined with special home exercises designed to
strengthen the vastus lateralis muscles. This combination therapy improved patellar
tilt and patellar angle; it also markedly reduced the patients’ pain at the patellar and
lateral thigh region. Patients’ pain reduction continued over a follow up period of
2 years.

Conclusion

Botulinum toxin injection into the joint effectively improves pain of chronic knee
osteoarthritis as well as chronic knee pain after total knee replacement surgery
(arthroplasty). There is limited evidence that this treatment approach may improve
pain of hip and shoulder osteoarthritis. High quality studies indicate that botulinum
toxin injection close to the elbow can improve persistent pain at the region of the
elbow in lateral epicondylitis (Tennis elbow). Botulinum toxin injection into the
knee joint improves persistent pain in the knee region experience by some patients
after total knee replacement. Injection of Botulinum toxin into the lateral muscle of
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the thigh (vastus lateralis) corrects the imbalance between lateral and medial thigh
muscles in patellofemoral syndrome (PES) via decreasing the tone of this muscle,
consequently relieving the chronic knee pain at the region of the knee cap (patella).
Evidence from the literature indicates that with the reported doses applied for these
indications, botulinum toxins therapy is safe and well tolerated by the patients.
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Chapter 13 )
Botulinum Toxin Treatment in Aesthetic
Medicine

Check for
updates

Abstract This chapter describes the spectrum of botulinum toxin applications in
the field of aesthetic medicine including treatment of wrinkles at different locations
and facial sculpturing for correction of eyebrow lift, lateral lip lift, gummy smile,
eye widening, chin and masseter muscles aesthetic improvement as well as correc-
tion of platysma bands (skin of the neck) and reduction of the size of the enlarged
glands secreting saliva (parotid and submaxillary). The Microtox and Microdroplet
techniques for improving skin and glands are discussed.

Keywords Botulinum toxin - Botulinum neurotoxin - Rhytids - Wrinkles - Facial
sculpturing - Crow feet’s - Gummy smile - Lateral eyebrow lift - Glabellar line -
Microtox - Microdroplet
Injectable botulinum toxin type A is currently the leading non-surgical procedure in
aesthetic medicine, and its popularity continues to rise every year [1]. Its use for
cosmetic indications was first discovered by ophthalmologist Dr. Jean Carruthers
and her husband Dr. Alastair Carruthers, a dermatologist, both based in Vancouver,
Canada. Patients being treated for blepharospasm (eyelid twitching) were returning
and requesting further treatment as they noticed their frown lines softening. The
Carruthers’ recognized the benefit of this novel treatment and published the first
clinical study of Botox (onabotulinumtoxinA) for the treatment of glabellar lines in
1992 [2]. A decade later, it was approved by the Food and Drug Administration
(FDA) for this limited indication. Since then, Health Canada and the FDA have
expanded onabotulinumtoxinA’s cosmetic indications to include multiple treatment
areas of the upper face. Additional botulinum toxin A medications have also been
approved in North America for cosmetic indications, including Dysport (abobotu-
linumtoxinA), Xeomin (incobotulinumtoxinA), Nuceiva/Jeuveau (prabotulinum-
toxinA), Letybo (letibotulinumtoxinA), and Daxxify (daxibotulinumtoxinA).
These neuromodulator products generally function the same and can be used
relatively interchangeably depending on the practitioner’s preference. While Botox,
Xeomin, Letybo, and Nuceiva are considered to be clinically interchangeable,
Dysport dosing is generally accepted as 2-2.5:1 unit of Botox. Daxxify recommends
glabellar dosing that is twice that of Botox and reports increased longevity of the
results by 6-9 months [3]. Furthermore, each medication has its own nuances that
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clinicians should be aware of. Recommendations made in this chapter for Botox
dosing can be applied to all current approved medications adjusted as above.

Understanding the mechanism of action of botulinum toxin gives the practitioner
the ability to use the product beyond the official indications and optimize results
based on patient presentation and specific concerns. Botulinum neurotoxin works
by stopping the transmission of the neurotransmitter acetylcholine from the nerve
cell to the muscle cell, resulting in local paralysis of the muscle in the treated area.
It has been shown to have a dose-dependent effect influenced by injection technique
and the size of the muscle [4]. Accurate injections of small volumes of properly
concentrated solution is preferred to target specific muscles [5]. Larger volumes and
less concentrated solutions favor drug dispersion and are often preferred for use in
larger muscles, or muscles with more surface area, for a more aesthetically pleasing
result. The effects of botulinum neurotoxin are typically seen within 3—10 days after
initial injection and can last from 3 to 6 months.

Techniques and dose recommendations for injections continue to evolve as new
formulations are introduced to the market and clinical research continues to expand.
As such, treatment plans should be tailored to the individual based on muscle pat-
terns, strength, and intended outcomes. Unless otherwise specified, the recom-
mended needle size is 31-32-gauge and 12—-13 mm length [6]. The injection needle
should be changed regularly to minimize the risk of infection and decrease patient
discomfort.

Prior to injections, the skin should be assessed for any dermatologic pathology
as injections through inflamed or irritated skin should be avoided [7]. Complications
can be minimized by developing a deep understanding of the structure and function
of the underlying facial anatomy.

Botulinum toxin’s use within the field of aesthetic medicine will be summarized
below. Guidelines for its use on targeting specific rhytides of the face, modification
of facial form, improvement of skin quality, scar management, and salivary gland
hypertrophy will be outlined. Because aesthetic enhancement is not an exact sci-
ence, the following should be used as a starting point and allow for flexibility.

Rhytides (Wrinkles)

As demonstrated by Carruthers in 1987, botulinum toxin injections into muscles
result in temporary improvement in wrinkles by preventing the contraction of tar-
geted facial muscles. Thus, dynamic lines respond well to neuromodulators, while
static lines related to old age, sun damage, and redundant skin are less responsive.
Rhytides (wrinkles) form perpendicular to the underlying muscle. Overactive
muscles can be partially or entirely relaxed to achieve the desired aesthetic out-
come. It is important to note that muscles contract towards their points of origin, this
is helpful in determining the muscle function and whether it elevates or depresses
facial features. Although clinical trials emphasize the efficacy of botulinum toxin
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injections at maximum doses, the frozen look is no longer desired by most patients
(2), so doses can be reduced to suit a patient’s desires.

Dynamic rhytides are more easily appreciated in the upper third of the face, as
influenced by the function of the frontalis, procerus, corrugator supercilii, and orbi-
cularis oculi. These areas account for the majority of treatments with botulinum
toxin type A [5, 8]. Major muscles in the midface include the nasalis, levator labii
superioris alaeque nasi, and levator labii superioris. The lower third of the face
includes the orbicularis oris, depressor anguli oris, masseters, and mentalis muscle.
Static rhytides are common in this region and treatment with botulinum toxin is
aimed more at prevention. The platysma covers the neck and inserts into the lower
face. Treatment of the lower face and neck can result in functional deficits (muscle
paralysis) and should be approached with caution (5). More recently, the industry is
trending towards full-face treatments, so these areas must still be assessed and con-
sidered. Dosage recommendations are illustrated in Table 13.1.

Injection patterns and dosing are often tailored to suit the individual’s aesthetic
goals, muscular strength, wrinkle pattern, and asymmetries. As such, it is the treat-
ing clinician’s responsibility to evaluate the patient at rest and in full movement
prior to determining a treatment plan.

Forehead Lines

The frontalis muscle is the only elevator muscle in the upper face [8], in other
words, it is the only muscle with an upward pull on the eyebrows. It is responsible
for the development of horizontal lines in the forehead. The frontalis is the “frontal
belly” of the occipitofrontalis muscle. It originates from the galea aponeurotica
(essentially at the hairline of the forehead) and inserts into the skin of the eyebrow,
intertwining with the fibers of the procerus, corrugator supercilli, and orbicularis
oculi [9]. It has bidirectional movement. The upper aspect of the muscle draws the
scalp forward and down (approximately the upper third of the visible forehead), and
the lower portion lifts the eyebrows up.

To assess the degree of muscle activity, the patient is asked to forcefully raise
their eyebrows. During this contraction, the clinician can assess where the upward
pull of the inferior frontalis meets the downward pull of the superior aspect; this is
referred to as the line of Convergence [10] and is often found around the second

Table 13-.1 Recommended Indications | Dose range* | No. of injections
OnabotulinumtoxinA Forehead 220 412
injections for rhytides Glabella 20-30 37

Crow’s feet 6-15 3—4 per side

Lip lines 4-8 2—4 upper lip, 2 lower lip

2All doses are in units
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visible wrinkle down from the hairline. Injections above this line can be deep and
higher doses may be used (2—4 Botox units per site). Injections below this line may
be dosed lower and/or injected more superficially [10], depending on medication
selection and clinician preference. Any discrepancies between the positioning of the
brows should also be noted both at rest and during maximal contraction, as this can
affect the outcome after treatment and dosing adjustments may be beneficial.

The dosage, placement, depth, and dilution for botulinum toxin use in this area
depend on the desired aesthetic outcome. It is important to note that treatment of the
frontalis will affect the positioning of the eyebrows. As the lower portion of the
frontalis muscle is inactivated, the brows will naturally rest in a lower position. This
effect can be either desirable or not [2]. Injectors should be conservative in this
region as the goal typically is to soften the forehead lines without causing brow
ptosis (droop) and loss of expressiveness [2]. Exercise extreme caution in patients
with hooded eyelids or if active forehead contraction is noted at rest.

The needle should be introduced perpendicular to the skin for deeper injections
and on a 30—45-degree angle for more superficial injections. The injector can follow
the creases of the forehead in 4-12 sites (Fig. 13.1) for a total of 2-20 onabotu-
linumtoxinA units [2]. If desired, small dose adjustments can be made between
sides to adjust for asymmetries.

The glabella should generally be treated in conjunction with the frontalis to avoid
central eyebrow depression. Furthermore, overtreatment of the central forehead can
result in a “Spock” appearance of the brows which is an unnatural elevation of the
arches of the eyebrows. This can be corrected or prevented with a low dose injection
of botulinum toxin into the lowest aspect of the frontalis muscle in line with the
outside margin of the iris [7]. Have the patient lift their eyebrows while immobiliz-
ing the medial aspects of the corrugators (at the head of the eyebrows) and look for
the most inferior contraction of the frontalis that appears to be “spocking”. Keep
injections 2 cm above the orbital rim to avoid inadvertent diffusion into the levator
palpebrae superioris, a muscle which if paralysed would result in an eyelid droop

(ptosis).

Fig. 13.1 Recommended
injection points for the
targeted treatment of
forehead lines. A total of
4-20 onabotulinumtoxinA
units are delivered
depending on the severity
of the wrinkles and degree
of paralysis desired
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If eyelid ptosis does occur, this can be treated by activating a muscle called the
Muller’s muscle with 0.5% apraclonidine eye drops into the affected eye three times
daily until the effects of the botulinum toxin wear off [7]. Upneeq (oxymetazoline
hydrochloride ophthalmic solution) is a more recently FDA-approved option that
can be used once daily until the ptosis self-resolves [11]. Lastly, in severe cases,
pre-tarsal (just above the eyelashes) injections of botulinum toxin A may be an
appropriate intervention [12] by weakening the strength of contraction of the orbi-
cularis oculi muscle-favoring eyelid opening [13].

Glabellar Lines

The glabella refers to the region between the eyebrows. It was the first cosmetic
treatment site for botulinum toxin [2]. The glabellar complex includes the corruga-
tor supercilii, depressor supercilii, and procerus. It is responsible for depression of
the medial eyebrows when frowning. The procerus originates midline at the nasal
cartilage and inserts into the skin of the lower to mid forehead, blending with fibers
of the frontalis [6]. The paired corrugator supercilli originate at the medial superior
brow bones and insert into the forehead skin along or just above the eyebrow. The
depressor supercilli originate at the lateral portion of the nasal bridge and flare
across the inner corners of the eyes, inserting into the frontalis and the skin at the
level of the eyebrows. They are the medial aspect of the orbicularis oculi [9].
Repeated contraction of the corrugator muscles is what causes the two vertical
creases, commonly referred to as the “11 s”. Contraction of the procerus muscles
pulls the brows downward, resulting in a horizontal crease across the nasal bridge
[4, 14]. This region was once treated as an independent indication but is now con-
sidered an important component of brow harmonization. The total dosage can be
adjusted to allow for movement and expression as desired [2].

The glabella is assessed for the location, orientation, and severity of rhytides.
The degree of muscle activity is determined by asking the patient to forcefully fur-
row their brows. Once again, the positioning and shape of the eyebrows is noted and
any asymmetries are recorded.

Treatment of the glabella typically involves five injection sites for a total of
20-30 units of onabotulinumtoxinA. The sites include one point into the base of the
procerus muscle, and two sites into each medial and lateral corrugator muscle [7]
(Fig. 13.2). To guide the injection placement, the patient is asked to frown as the
skin and muscle are gently pinched by the injector’s fingers. The patient is then
asked to relax and the injection is made deep into the muscle (for the three medial
sites) while the clinician continues to gently pinch the muscle with their non-
dominant hand. The two lateral injection points can be made by inserting the needle
just below the skin, while angling upward due to the lateral corrugator’s more super-
ficial location [7]. The superficial injections should produce a bleb or a “wheel”.
More recently, an injection pattern of 3 sites with 10 units per site has been sug-
gested for more simplicity and a decreased risk of eyelid droop [15]. This pattern
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Fig. 13.2 Recommended
injection points for the
targeted treatment of
glabellar lines. A total of
20-30 onabotulinumtoxinA
units are typically
delivered across 3—7
injection points into the
procerus and corrugator
muscles

includes the base of the procerus and the medial head of each corrugator. However,
some clinicians inject up to 7 sites which may include an injection midway between
the head and the tail of longer corrugator muscles.

If the glabellar region is treated without the frontalis, there may be unwanted
medial elevation of the eyebrows from the unopposed pull of the forehead elevator
muscle. Other complications can include inadvertent diffusion of botulinum toxin
that may result in eyelid ptosis if the lateral corrugator injection sites are placed too
deeply [7].

Crow’s Feet

Lateral canthal lines, also referred to as crow’s feet, are one of the earliest signs of
aging. As the skin changes with age and becomes more photodamaged, these
dynamic lines can become static. They are caused by repeated contraction of the
muscles involved in squinting, and smiling. The muscle that has the most effect on
these lines is the orbicularis oculi. Its” function s to close the eyelid [9]. Consequently,
it also has a downward pull on the eyebrow. This area becomes less responsive to
botulinum toxin in older patients with static wrinkling.

The patient’s lateral canthal lines should be assessed both at rest and with active
contraction. They should be asked to squint while smiling to determine the degree
and extent of muscle activity. Note any asymmetries of the eyebrows.

The orbicularis oculi originates from the medial aspect of the orbit, the palpebral
part inserts into the skin of the upper and lower eyelids, and the orbital part fans out
attaching to the skin of the orbit, forehead and cheeks [6]. The orbicularis is more
superficial than most facial muscles. Injections of botulinum toxin should, there-
fore, be very superficial, just below the skin, producing a visible bleb [7]. These
lines are typically treated with 3—4 injection sites of 2—5 onabotulinumtoxinA units
into each horizontal rhytid (Fig. 13.3). Keep the injection sites 1 cm lateral to the
orbital rim to avoid inadvertent diffusion into the eyelid portion of the orbicularis
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Fig. 13.3 Recommended
injection points for the
targeted treatment of
lateral canthal lines. A total
of 5-15
onabotulinumtoxinA units :
are delivered intradermally V .
across 3—7 injection points.
Additionally, the superior-
most injection point may
be used to achieve a slight
brow lift with 3-5 extra o
units

oculi or the lateral rectus muscle (responsible for movement of the eye to the side)
which may lead to eyelid ptosis or diplopia [16]. If no lifting of the lateral eyebrow
is desired, then avoid injecting the superior-most lateral canthal line.

This area is prone to bruising due to its high vascularity. Keep pressure on the
skin after injection and avoid injecting into visible superficial veins. Furthermore,
inadvertent injection into the zygomatic muscle can weaken a patient’s smile and
result in asymmetries. Avoid injecting deeply for more inferior injections and use
caution when at or below the level of the zygoma [2].

Lip Lines or “Lip Flip”

The main muscle found in the lips is the orbicularis oris [17]. It is a circular muscle
surrounding the opening of the mouth and it acts as a sphincter to close the lips and
keep food inside. It originates from the mandible and maxilla and inserts into the
upper and lower lip [6]. The orbicularis oris is also involved in puckering the lips,
as would be important in speech production and sucking [18]. With age and photo-
damage, the white lip tends to thin and elongate, leading to loss of the Cupid’s bow
and flatness of the vermillion border (transition from the red to white lip). Vertical
wrinkles become evident with repeated contraction of the perioral musculature, as
well as soft-tissue volume loss and bony resorption of the mandible and max-
illa [19].

Assessment of the lips should be made at rest and during animation. The patient
should be asked to smile and pucker, as well as being assessed with normal speech
and expression. Assess the presence of dynamic and static vertical perioral rhytids.
Make note of any loss of lip and perioral volume, as well as the projection (protru-
sion) of the lips on profile view.

Perioral lip lines can be treated at one to two sites per side along the upper lip,
and at one site per side along the lower lip [17]. The injection is made at the vermil-
lion border and should be placed superficially. Injections may also be made more
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Fig. 13.4 Recommended
injection points for the
targeted treatment of lip
lines. A total of 4-8
onabotulinumtoxinA units
are delivered superficially
into the vermillion border

superiorly along the white lip if rhytides extend superiorly. A total of 4-8 units of
onabotulinumtoxinA is recommended [20] (Fig. 13.4). Additionally, botulinum
toxin injections in this area can have a secondary benefit of everting the lips (com-
monly referred to as the “lip flip”).

Administering high doses can result in difficulty drinking out of straws and lip
pursing. This can also affect speech and pronunciation and may cause drooling [17].
This can be avoided by keeping the injection dosages conservative and injection
sites further away from where the lips come together.

Facial Sculpting

Beyond the immediate benefit of injectable neuromodulators on wrinkle reduction,
they can also be used to improve the shape and position of various facial landmarks.
Facial expression is achieved by activation of muscles that either elevate or depress
the features of the face. This balance of muscles can be modified strategically by
weakening the muscles that alter the face undesirably. For instance, relaxing a
depressor muscle leaves unopposed action of the elevator muscles resulting in a
lifted appearance of a given facial structure. Furthermore, muscles that are inactive
undergo atrophy over time resulting in a slimming effect. This can be desirable
when the targeted muscle is hypertrophic or contributing to unaesthetic appearance.
Dosage recommendations are illustrated in Table 13.2.

Eyebrow Lift

Botulinum toxin can be used to achieve a more desirable eyebrow shape by manipu-
lating the vectors of pull relating to the muscles of the upper face. The frontalis
muscle is the only elevator muscle in the upper face and it is responsible for lifting
both the medial and lateral eyebrows [8]. The glabellar muscle complex is
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Table 13.2 Recommended OnabotulinumtoxinA injections for facial sculpting

Total

dose® No. of
Indications range injections Injection sites
Eyebrow lift 6-10 | 1 per side Superior-most lateral canthal line
Eye widening 2-4 1 per side Lower eyelid mid-pupil
Gummy smile 6—-10 |3 if moderate, | Inferior to columella; lateral to ala

5 if severe
Lateral lip lift 4-8 1-2 per side 1 cm lateral to oral commissure along
mandibular border

Mentalis muscle 4-10 |2-3 1 ¢cm from mandibular border, at least

1.5-2 cm inferior to vermillion, and as close
to midline as possible

Masseter hypertrophy | 24-48 | 3—4 per side Inverted triangle or square centered on
masseter body

Platysmal bands 25-30 | 3—4 per band | Vertically along each band

Parotid hypertrophy 60-80 | 2-9 per side Posterior to masseter, midway between
tragus and mandibular angle
Submandibular gland | 24-30 | 2 per side Ultrasound guided or 1 finger breadth
hypertrophy medial to the midpoint of a line from
mandibular angle to chin

“The doses are in units

responsible for depressing the medial eyebrows, while the lateral orbicularis oculi is
responsible for depressing the lateral eyebrows. A lateral eyebrow lift can be
achieved by either deactivating the lateral orbicularis oculi or the medial frontalis
muscle. The ideal eyebrow shape has varied over the years with various trends;
however, a classic youthful aesthetic shape always remains. An aesthetically desir-
able female eyebrow should rest medially in line with the inner corner of the eye at
the top of the bony orbit. The lateral tail should rest on the same horizontal plane as
the medial brow and extend just beyond the outer corner of the eye [7]. The peak of
the ideal female brow should be positioned somewhere between the outside edge of
the iris and the outside corner of the eye and sit above the bony orbital rim. This may
differ based on patient gender, age, or ethnicity [21]. The male eyebrow follows a
similar shape but is lower and flatter than that of a female [7].

Assessment of the eyebrows should be made with the patient looking forward
with their eyes open. Many patients will compensate for a natural eyelid droop or
excess eyelid skin by over activating their forehead muscle. This can result in a
surprised appearance and/or asymmetry of the eyebrows. Ask the patient to close
their eyes gently and note the positioning of the eyebrows. Determine the position-
ing of the medial and lateral eyebrows relative to the supraorbital rim and note the
vertical positioning of the tail of the brow relative to the medial head. The patient
should be asked to squint, and the superior-most crow’s foot should be marked.

A single injection point of botulinum toxin is made into the orbicularis oculi
muscle at the superior-most lateral canthal line (Fig. 13.3). This point should be
1 cm lateral to the orbital rim to avoid inadvertent diffusion into the palpebral
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portion of the orbicularis oculi or into the levator palpebrae muscle. Injections
should be made intradermally forming a visible bleb due to the superficial location
of the orbicularis oculi muscle. A total of 3—5 onabotulinumtoxinA units can be
injected per side. To avoid a “Spock” appearance, it is recommended to also place
1-2 units of onabotulinumtoxinA into the frontalis muscle 2 cm above the superior
orbital rim in line with the lateral iris [7]. This keeps the lift isolated to the lateral
aspect of the brow only and produces a more aesthetically pleasing result. Injection
of several units of botulinum toxin can also be made into the medial wrinkles of the
forehead and this can result in a compensatory hyperactivation of the lateral fronta-
lis leading to a lateral eyebrow lift.

Keep in mind that if the medial eyebrow is lowered to prevent hyperactivation of
the frontalis, the patient may complain of “heaviness” of the forehead or eyelids. If
an underlying ptosis is a significant issue, it should be surgically corrected. The
injector should also be mindful that paralyzing the glabellar complex will result in
separation and elevation of the medial eyebrows. This may not be a desirable aes-
thetic effect and can be mitigated by deactivating the frontalis muscle medially.

Eye Widening and “Jelly Rolls”

The orbicularis oculi muscle is a sphincter muscle that functions to close the eye-
lids. It can be separated into orbital and palpebral sections. The palpebral section
can be further subdivided into the preseptal (the mobile eyelids) and pretarsal por-
tions (just above the eyelashes) [22]. The orbital section of the orbicularis oculi is
more involved in voluntary squeezing and winking of the eyelid while the palpebral
section has a greater role in involuntary blink closure as well as keeping the eyelids
closed during sleep [22]. With age, strong preseptal fibers are responsible for nar-
rowing of the eye opening (palpebral aperture) [7]. Furthermore, some patients may
present with a bulge below their eyelids whereby the orbicularis muscle contracts
with smiling, this is often referred to as a “jelly roll”. Botulinum toxin injections
into the preseptal orbicularis oculi can improve the appearance of a narrowed palpe-
bral aperture as well as correct congenital and senile entropion (inversion of the
eyelids) [23].

With the patient looking straight, assess the patient’s palpebral aperture bilater-
ally noting any asymmetries. Perform a snap test before injection to verify lower lid
elasticity. A snap test is performed by gently pinching the skin under the eye and
observing the speed of recoil, elasticity and turgor response. Identify the presence
of any ectropion (eversion of the eyelids), entropion, and lower lid show. Assess the
patient upon smiling for any bulging of the lower lid.

A single injection site in the lower eyelid 3—4 mm below the eyelash margin in
line with the mid pupil can treat a narrowing palpebral aperture. Have the patient
close their eyes and inject superficially into the dermis 1-2 onabotulinumtoxinA
units per side [7] (Fig. 13.5). Keep the needle parallel to the skin to avoid injury to
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Fig. 13.5 Recommended
injection points to achieve
widening of the eye
aperture. A single injection
of 1-2
onabotulinumtoxinA units
per side is made into the
lower eyelid, 3—4 mm
below the eyelash margin

the eye. If the patient presents with bulging of the lower eyelid, this area can be
treated directly with 1-3 injection directly into the “jelly roll”.

This area should not be treated if the patient has prominent infraorbital fat pads,
scleral show, ectropion, or a poor snap test as botulinum toxin injections can worsen
these conditions [7].

Nasal Lines (“Bunny Lines”)

Nasal lines are caused primarily by the nasalis and levator labii superioris alaeque
nasi muscles (LLSAN). The procerus and orbicularis oculi are also contributors
[24]. The nasalis originates at the top of the incisor and canine tooth roots and
inserts into the wing and bridge of the nose and the lateral nasal cartilage [9]. The
LLSAN originates from the frontal process of the maxilla and the orbicularis oculi
and inserts into the wings of the nose, upper lip, and the lateral and dorsal circum-
ference of the nostril [9]. Hyperactivity of these muscles can result in radial lines to
the upper third of the nose. These lines can also occur following treatment of the
glabella or lateral canthal region [6].

Assess by having the patient squint or scrunch up their nose “like a bunny” and
observe muscle strength and depth of lines at rest and on animation. Identify any
asymmetries.

Injections can be made by inserting the needle almost parallel to the skin up to
45° and utilizing an intradermal technique, creating a wheel or a bleb [6]. The supe-
rior portion of the nasalis/LLSAN is targeted with one injection point per side,
approximately at the level of the rhinion (where the bony top of the nose meets the
middle cartilage of the nose), just medial to a vertical line drawn down from the
inner eye corner [24]. Two to five units per site may be used for a total dose of
4-10 units. Doses should be conservative to start, as over injection may lead to
upper lip elongation or a dropped upper lip upon smiling.
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Gummy Smile

A gummy smile refers to the showing of excess gingiva while smiling [19]. In cer-
tain individuals, hyperactivity of the muscles responsible for smiling can result in
this problem, specifically the LLSAN muscle which elevates and everts the upper
lip and the depressor septi nasi muscle which draws the nasal tip downwards while
smiling. In severe cases, the levator labii superioris and zygomaticus minor muscles
are also hyperactive [14].

Assess the lips and the amount of teeth and gum visible both at rest and with
smiling. Make note of any depression of the nasal tip with smiling, as well as the
length of the upper lip. Identify any asymmetries.

Injection of botulinum toxin can be made at three sites if the gummy smile is
moderate and at five sites if it is severe [19]. Botulinum toxin is injected deep into
the muscles at full depth. One injection site per side, lateral to the ala (lower corner
of the nose where it meets the face), targets the inferior portion of the LLSAN,
while one central injection, inferior to the nasal columella, targets the depressor
septi nasi muscle. A second injection site in line with the ala and the pupil can be
made to target the levator labii superioris and zygomaticus minor muscles. Two
onabotulinumtoxinA units per injection site can be used for a total of 610 units.

Over-injection with botulinum toxin in the LLSAN may lead to elongation of the
upper lip. Patients with long upper lips may not be ideal candidates for this proce-
dure [19].

Lateral Lip Lift

The depressor anguli oris (DAO) muscle is involved in frowning and functions to
draw the corners of the mouth downwards. It is triangular shaped and originates on
the mandible and inserts at the angle of the mouth onto the modiolus (structure at
the corner of the mouth where fibers from multiple facial muscles converge) [17].
Excessive contraction of this muscle and soft tissue depletion leads to a sullen
appearance and contributes to the creation of marionette lines, forming downwards
from the lateral oral commissure (mouth corner) [25].

The patient’s mouth should be assessed at rest and with activity. Note the direc-
tion of the oral commissure (corner of the mouth) at rest. They should be asked to
frown to determine the strength and location of the depressor anguli oris muscle. As
always, note any asymmetries between each side. There are two generally accepted
injection points used to achieve a subtle lift of the oral commissures (Fig. 13.6).

A total dose of 2-5 onabotulinumtoxinA units (per side) is typically injected.
More commonly, the injection points used are 1 cm lateral to the oral commissure
along the base of the muscle at the mandibular border [25]. Injections here should
be deep and remain lateral to the marionette fold. Alternatively, the clinician can
have the patient pull the corners of their mouth down and inject the muscle where
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Fig. 13.6 Recommended
injection points to achieve
a lateral lip lift. A total
dose of 4-10
onabotulinumtoxinA units
is injected deep into the
depressor anguli oris
muscle, 1 cm lateral to the
oral commissure at the
mandibular border.
Alternatively, a mid-depth
injection more superiorly
where visible contraction
of the skin is noticed can
be made instead

there is a visible contraction. Injection points should remain at least 1 cm inferior to
the mouth corner, lateral to the marionette line, with the needle being inserted at a
45 degree angle for a mid-depth injection [24].

Diffusion of the medication medially can result in inadvertent paralysis of the
depressor labii inferioris (DLI) muscle leading to an asymmetrical smile. This
unwanted effect can be minimized by using a more concentrated reconstitution,
avoiding excessive dosing and keeping injections lateral to the marionette lines, as
the DLI lies deep and medial to the DAO [19].

Mentalis Muscle

The mentalis muscle is a paired muscle located at the centre of the mandible. It is
the only elevator muscle of the lower lip [26]. It originates on the mandible and its
fibers insert into the skin of the chin. This muscle functions to maintain oral compe-
tence (ensuring that the mouth stays closed during chewing) and supports the lower
lip [6]. It also serves to elevate the overlying skin via its thick fibrous septa [27]. A
hyperdynamic mentalis muscle can accentuate the mentolabial crease, as well as
create unwanted dimpling of the chin area upon animation [17].

Assess the chin by having the patient pull the lower lip up over their upper lip to
determine the outline of the mentalis muscle and identify areas of contour irregu-
larities [27].

Injection sites should be at least 1.5-2 cm inferior to the border of the lower lip
and approximately 5—10 mm above the lower border of the mandible [24]. The total
dosage is 4-8 onabotulinumtoxinA units [19]. The injection sites can be spread out
over 2-3 points, with the two inferior points being deep and/or superficial injec-
tions, and the superior point, if used, being a deep injection (Fig. 13.7). Keeping the
superior injection deep limits any unwanted spread to the orbicular oris muscle,
while adding a superficial injection inferiorly can help improve textural issues
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Fig. 13.7 Recommended injection points to treat chin dimpling. Injection sites should be at least
1.5 cm inferior to the border of the lower lip and approximately 5—-10 mm above the lower border
of the mandible. A total dose of 4-10 onabotulinumtoxinA units are delivered over 2-3 injection
sites. The inferior injection points can be made either superficially or deep, while the superior-most
injection point should remain deep

related to where the mentalis inserts into the skin. Care must be taken not to inject
too laterally as this can result in unwanted spread to the DLI, resulting in an asym-
metrical smile [17]. Keep injection points as close to midline as possible.

The mentalis can be a challenging muscle to inject. Over-injection can have sig-
nificantly undesirable consequences ranging from lower tooth exposure to oral
incompetence and drooling [26]. If the lower lip rests too low after treatment, it may
be of benefit to also inject the depressor anguli oris muscles to balance the lip posi-
tion [27].

Masseter Hypertrophy

The masseter muscle is a thick quadrangular muscle that rests superficial to the
angle of the mandible. It is divided into deep and superficial portions by the deep
inferior tendon [21]. The deep portion of the masseter originates from the surface of
the zygomatic arch and inserts into the upper half of the mandible [24]. When treat-
ing masseters therapeutically (for clenching or grinding), the deep portion must be
targeted. The superficial portion originates from the inferior aspect of the anterior
cheekbone and inserts into the mandibular angle and the posterior aspect of the jaw
[24]. If treating masseters strictly for cosmetic purposes, it is acceptable to target the
superficial aspect of the muscle. The masseter functions to elevate the jaw and assist
with chewing [17]. It can become enlarged with repeated clenching or grinding of
the jaw resulting in a widened or squaring of the lower face [28].
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The patient should be assessed from the front view to determine the width of the
lower face. Assess the strength, size, and location of the masseter muscle by asking
the patient to clench their jaw. Mark out the anterior border of the muscle. Patients
should also be assessed for parotid hypertrophy as this can also contribute to the
impression of enlarged mandibular angles [29]. Parotid enlargement can be identi-
fied by the presence of diffuse swelling that extends beyond the posterior border of
the mandible. Luckily, this too can be treated with botulinum toxin.

For treatment of masseter hypertrophy, injection is made at three or four sites on
each side of the face [24]. Four to eight onabotulinumtoxinA units should be admin-
istered at each injection site deep to the muscle with the needle injected to its full
depth. Palpate the point of maximum muscle contraction as well as the anterior
margin of the muscle by asking the patient to clench their jaw. The injection sites
should be approximately 1 cm apart from one another and form an inverted triangle
or a square centered on the masseter body [17] (Fig. 13.8).

Ensure that the most anterior injection points are at least 1 cm posterior to the
anterior border of the muscle. The average initial total dose of onabotulinumtoxinA
is 12-24 units into each muscle. This can be repeated at 1 month intervals until no
palpable movement of the muscle is felt with clenching. This can take up to three or
four treatments. Maintenance dosing is typically a total of 20-30 units every
3—6 months.

Possible complications of injections to this area include asymmetries, hemato-
mas [19], crooked smile, and jowling due to volume reduction and sagging of the
skin [29]. Avoid unwanted diffusion into the surrounding muscles by keeping the
volume of injection less than 1.5 ml at a time [29] and remaining inferior and lateral
along the muscle [17]. Patients may experience weakness with chewing or wide

Fig. 13.8 Treatment of masseter hypertrophy is made at three sites on each side of the face. Four
to eight onabotulinumtoxinA units should be administered at each injection site deep to the mas-
seter muscle with the needle injected to its full depth. The three to four injection sites should be
1 cm apart from one another and form an inverted triangle or a square centered on the mas-
seter body
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mouth opening due to diffusion of the medication into the pterygoid muscles [29].
Temporary fasciculations or paradoxical masseteric bulging may also occur [29]
and are typically self-resolving. This is thought to be due to either the deep or super-
ficial portions being treated and the other portion compensating [28].

Platysmal Bands

The platysma muscle acts as a major depressor of the lower face, drawing down the
mandible and corners of the mouth [25]. It appears as two superficial thin sheets of
muscle that run down the lateral neck below the thin fat layer below the skin [25].
The platysma originates on the pectoralis and deltoid fascia and inserts partially
onto the mandible and partially extending up to the muscles of the lower lip and the
superficial musculoaponeurotic system (SMAS) [30]. These superior extensions
allow the platysma to have a downward pulling effect on the cheek and the corners
of the mouth.

One of the first signs of aging is prominent vertical platysmal bands in the neck
[31]. This is generally believed to be the result of hyperactivity of the platysma as
well as generalized skin laxity [32]. Patients with less skin laxity are better candi-
dates for botulinum treatment, as relaxation of the bands may worsen the appear-
ance of saggy skin [19].

Assess the patient’s neck at rest and with maximum contraction. Mark out the
trajectory of medial and lateral bands, there may be up to 8 bands observed. Note
any skin excess.

Have the patient contract their anterior neck and pinch the band to help guide the
injection [25]. Once the band is secured, have the patient release the contraction as
this muscle fatigues easily. Inject 2 onabotulinumtoxinA units at 2 cm intervals
along the bands, starting at the superior most aspect, between 4—6 injection points
per band [24]. Injections should be into the belly of the muscle, but not too deep as
to bury the needle.

Additional injections can be added to the supra-mandibular segment of the pla-
tysma, resulting in a lifting effect to the midface [33]. Mark 4 points, 1 cm cranial
to the superior margin of the bony mandible (1 cm above the jawbone); these points
should be at equal distances between the oral commissures and the mandibular
angle. Injections should be performed sub-dermally with 2-2.5 units of onabotu-
linumtoxin A per site for a total of 8—10 units per side.

Dysphagia and dysphonia have been reported as potential complications of
botulinum toxin injection in the neck [19]. To mitigate this, avoid injecting more
than 50 onabotulinumtoxinA units at one time, keep the doses along the medial
bands to a minimum, and avoid injecting too deep [34]. This area is also prone to
bruising.
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Microtox or Microdroplet

The microbotox technique was first described by Wu in 2015 as a means of improv-
ing the overall appearance of the skin in the face and neck. With this technique,
multiple microdroplets of diluted botulinum toxin are injected superficially into the
dermis to target the sebaceous glands, sweat glands, and superficial fibers of the
facial muscles [35]. Patients report an overall improvement in their skin texture,
jawline and neck appearance [35], as well as an overall more rested appearance
[36]. It remains a simple nonsurgical solution for those patients seeking improve-
ment in mild neck laxity, jowling, horizontal necklines, and rough crepey skin and
is a useful adjunct to earlier mentioned techniques.

By affecting the muscles that guard lymphatic drainage, the microdroplet tech-
nique affects the osmolality of the skin, leaving patients with a luminous glow [36].
To the relaxation of superficial musculodermal attachments, rhytides are softened
and the face appears more relaxed [36, 37]. Inhibition of sweat and sebaceous
glands does not only improve skin texture and sheen, it can also reduce the appear-
ance of pores [36]. Muscle function is mostly preserved by sparing their deeper
surfaces, resulting in a more natural dynamic appearance.

Microdroplet technique is currently being used for multiple off-label indications
including: jawline definition (lower face & neck “lift”), forehead expression lines,
midface lift, open pores, rosacea, scarring, and acne [36].

To prepare the solution, 100 units of onabotulinumtoxinA is diluted in four to
five milliliters of saline to obtain a concentration of 20-25 U/mL [37]. This concen-
tration can be applied to all areas of the face and neck as described below. An appli-
cation of a topical anesthetic agent prior to injections is recommended for patient
comfort.

Forehead expression lines can be treated with approximately 20-24 units of bot-
ulinum toxin type A recommended to be injected into the superficial dermis using a
microdroplet technique. Using a 31- or 32-gauge needle, the bevel should be down
and the needle inserted just under the skin. Slight resistance should be felt with
extrusion and a visible blanched bleb or wheal should appear [36]. Eight to twelve
units is recommended for periorbital treatment including canthal lines and the
under-eye area [36]. Extra care should be taken in this area as too small of a dose
will yield no visible results and too high of a dose may lead to unwanted side effects
[36]. Midface can be treated with 20 units across the nose & cheeks in a uniform
pattern [36]. For lower face and neck, a total of 24—48 units can be used throughout
the entire anterior neck [36]. About 100150 units place into equally spaced injec-
tions should span the width of the platysma muscle defined by a line parallel to the
mandibular border 3 fingerbreadths above, a vertical line 1 fingerbreadth posterior
to the depressor anguli oris medially, the clavicle inferiorly, and the sternocleido-
mastoid posteriorly [37] (Fig. 13.9).
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Fig. 13.9 Microbotox injections delivered intradermally at each point indicated. The margins of
the area to be injected correspond to the extent of the platysma. The anatomical landmarks are
defined by a line parallel to the mandibular border 3 fingerbreadths above, a vertical line 1 finger-
breadth posterior to the depressor anguli oris medially, the clavicle inferiorly, and the sternocleido-
mastoid posteriorly

Scar Management

Botulinum toxin has been introduced as an effective modality in the prevention and
treatment of scars including hypertrophic and keloid scars. It can be a helpful
adjunct to other treatment modalities including microneedling and corticosteroid
injection [38]. This treatment cannot only improve the appearance of scars (redness,
pigmentation, pliability, and height), but it also improves negative symptoms such
as pruritis and pain [39]. Injections of botulinum toxin directly into scar tissue
improve collagen production and organization, leading to faster wound healing [40].

The exact mechanism is not completely understood, however, there is emerging
evidence that botulinum toxin inhibits fibroblast activity in hypertrophic scars and
minimises tension around the scar by relaxing local muscles around the wound [41].
Less tension minimizes inflammation and overproduction of collagen [41].
Additionally, the effects of botulinum toxin A on a variety of healing and scarring
mechanisms is thought to account for the improved effect on scar tenderness and
itch [41, 42]. Of note, these effects of botulinum toxin were not observed in fibro-
blasts isolated from normal skin [43].

The exact protocol, timing, and technique for botulinum toxin injections in scar
management varies greatly in the literature, however, starting injections upon initial
surgery is a common practice [44]. Some studies agree that an intradermal tech-
nique within five millimeters of the scar along its length at a dose of 1.5-10 ona-
botulinumtoxinA u/cm is quite effective [45, 46]. Concentrations of botulinum



References 229

toxin should not exceed 20 onabotulinumtoxinA u/ml, as they have been shown to
inhibit the development of new blood vessels, and thus affect wound healing [47].

In general, botulinum toxin injections are a safe and effective method for the
management and prevention of scarring, however, further large-scale research to
determine protocols and assess any long-term effects is warranted.

Conclusion

Botulinum neurotoxins have become a staple product in the medical aesthetic pro-
viders’ toolbox. Although they are best known for their role in wrinkle reduction,
further applications continue to be introduced and explored. Facial balance and
form can be improved through strategic applications of botulinum toxin. This ver-
satile medication also plays a role in improving skin tone and texture, luminosity,
and scar quality in addition to its effect on salivary gland hypertrophy. This remains
a rapidly evolving area for research as new applications for this powerful drug are
identified and more specific injection protocols are developed.
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Chapter 14

Botulinum Toxin Therapy for Autonomic
Dysfunction (Excessive Drooling/
Sialorrhea and Excessive Sweating
(Hyperhidrosis) and for Certain Skin
Disorders

Abstract Injection of botulinum toxins to the glands reduces the secretion of saliva
or sweat by blocking the release of nerve signal transmitter acetylcholine. This
action can help patients who suffer from local excessive sweating or those who are
affected by persistent drooling. Salivary and sweat glands are located under the skin
and are readily accessible to surface injections. The emerging data suggests that
intense, recalcitrant local itch and some forms of psoriasis also respond to local
botulinum toxin injections.

Keywords Botulinum toxin - Botulinum neurotoxin - Drooling - Sialorrhea -
Perspiration - Excessive sweating - Psoriasis - Itch

Introduction

Salivary glands that secret saliva and sweat glands receive their innervation from the
sympathetic and parasympathetic nervous systems. Sympathetic and parasympa-
thetic nervous systems are part of the autonomic nervous system. Autonomic ner-
vous system is a part of nervous system that, unlike the motor system, is not under
voluntary control and contains very thin nerve fibers. Saliva and sweat are secreted
in response to peripheral stimuli independent of the individuals’ wish and/or will.
The sympathetic nervous system excites the salivary and sweat glands. Sympathetic
nerves also innervate important muscles in the body such as heart and intestine.
Stimulation of the sympathetic nerves increases the number of heart beats while
slowing down movements of the gut, neither of the two are under voluntary control.
Parasympathetic nervous system is another major part of autonomic nervous system
that opposes the function of the sympathetic nervous system (for example it slows
heartbeat or increases movements of the gut). Sympathetic and parasympathetic
nerves are much thinner than motor and sensory nerves and are devoid of the fatty
myelin sheet (myelin) that covers motor and sensory nerves and enhances their
conduction. Like motor nerves, sympathetic nerves also use a chemical agent at
their endings that activates their targets (salivary or sweat glands). This chemical
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neurotransmitter that excites the seat glands, like that of the motor nerves (exiting
muscle), is acetylcholine.

Botulinum neurotoxins (BoNT) which are produced by a bacteria called clos-
tridium botulinum, were purified and prepared for medical use between 1940 and
1970 (see Chaps. 1 and 3 of this book for details). The toxin molecule travels to the
nerve endings after injection into the muscle or into the skin; then, through a cas-
cade of complicated mechanisms (see Chap. 2 of this book), it blocks the release of
acetylcholine from the nerve endings. This function of botulinum toxin has made it
a useful commodity for treatment of a variety movement disorders, characterized by
involuntary movements. Blocking acetylcholine release also decreases the muscle
tone, and hence, helps spastic muscles to relax, After receiving FDA approval, botu-
linum toxins are now widely used for reducing stiffness and spasticity of muscles in
stroke, multiple sclerosis and cerebral palsy . Since sympathetic nerve endings also
use acetylcholine as the chemical neurotransmitter to activate salivary and sweat
glands, injection of BoNT into these glands can reduce secretion of saliva and sweat
when excessive salivation and sweating become problematic.

Anatomy and Physiology of Salivary Glands

Three glands (parotid, submandibular, and sublingual) are the major producers of
saliva (Fig. 14.1). Saliva plays an important role in lubrication, digestion, immunity
and maintenance of homeostasis in the human body. The parotid gland is located
under the skin in front of lower part of the ear and extends to the angle of the jaw. It
is divided by the facial nerve into a superficial lobe and a deep lobe. The subman-
dibular gland, the second largest salivary gland after the parotid, is located in the
submandibular (under the jawbone) triangle. The sublingual (under the tongue)

Fig. 14.1 Location of the
three major salivary
glands: parotid,
Submandibular (under the
jaw) and sublingual (under
the tongue) glands.
(Printed with permission
from Mayo Foundation)

Salivary glands =
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gland is the smallest of the three and lies in the anterior floor of the mouth below the
tongue (Fig. 14.1). Each gland produces high volumes of saliva relative to its mass.
Since parotid gland is the largest (14-28 g), most saliva is produced by this gland.
Production of saliva is not controlled by an individual’s will, but rather, it is con-
trolled by the autonomic nervous system, sympathetic and parasympathetic nerve
fibers. In stimulated state, i.e. chewing, parotid glands provide most of the saliva. In
the unstimulated state, however, 70% of saliva is secreted by the submandibular
(weighs 10-15 g) and sublingual glands. The flow of saliva is five times greater in
the stimulated state than in the resting state.

Sialorrhea or drooling is a debilitating condition which implies presence of
excess saliva in the mouth beyond the lip margin. Drooling is common in babies but
subsides between the ages 15 and 36 months with establishment of salivary conti-
nence. Drooling is considered abnormal if it persists beyond 4 years of age.

Pathologic drooling can be due to increased production of saliva (usually due to
certain drugs) or related to disease conditions that disrupt mechanisms that clear and
remove saliva from the mouth. These diseases cause retention of saliva in the mouth
and drooling through weakening the tongue or through impairing the swallowing
reflexes. Drooling frequently occurs in neurological diseases such as Parkinson’s
disease (PD), amyotrophic lateral sclerosis (Lou Gehrig’s disease -ALS) and with
degenerative disease of the nervous system as well as different type of dementias. In
a large study of 691 patients with Parkinson, the prevalence of drooling was 40.1%
versus 2.4% of controls [1]. In children, the most common cause of drooling is cere-
bral palsy with an incidence of 10-58% [2]. Among medications used to treat
schizophrenia, clozapine has been reported to cause daytime drooling in 40% of the
patients; 31.6 awaken from sleep because of drooling [3]. Regardless of the cause,
excessive drooling can lead to social embarrassment, aspiration, skin breakout, bad
odor, and sometimes local infection, impairing the patients’ quality of life.

Sialorrhea is difficult to treat. Management can be conservative or invasive.
Conservative treatments include changes in diet or habits of eating, oral-motor exer-
cises, intra-oral devices such as palatal training devices, and oral medications.
Behavioral modification has been advocated by some, but results have been incon-
sistent. Severe cases of drooling non-responsive to medications may require removal
of salivary glands by surgery or local radiation of the salivary glands. Surgical
approach offers more permanent results, but it is an invasive process that is not
without side effects. Local radiation of the glands is now hardly practiced.

The main category of drugs used for reduction of drooling is anticholinergic
medications. These medications block the effect of acetylcholine that activates the
glands resulting in secretion of saliva. Several anticholinergic drugs are available in
the market under the trade names of glycopyrrolate, benztropine, scopalamine and
tropicamide. Glycopyrrolate oral solution is the first drug approved in the United
States for treatment of drooling in children who have neurologic conditions. Elderly
patients tolerate oral anticholinergic agents poorly due to side effects such as confu-
sion and blurring of vision. Glycopyrrolate is a favorite of many physicians since
presence of a quaternary ammonium in its molecule prevents its passage through
blood-brain barrier in large amounts, ultimately decreasing the occurrence of
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central side effects such as confusion and memory impairment. Medications that are
used for relieving heartburn and reflux have also been suggested for treatment of
drooling; however, their effectiveness in managing drooling has not been confirmed
by any high quality studies (comparing the drug with placebo).

Botulinum Neurotoxin (BoNT) Therapy for Excessive
Drooling (Sialorrhea)

Among different serotypes of botulinum toxins, only type A and B are currently
used in medical practice, due to their safety profile and long duration action. Among
type A toxins, Botox,Xeomin and Dsyport have been studied in excessive drooling
and excessive sweating as well as type B toxin Myobloc. The structural and func-
tional details of these toxins as well as their unit comparability has be described
earlier in Chaps. 2 and 3 of this book as well as the preceding chapters. In brief, each
1 unit of Botox = 1 unit of Xeomin = 2.5-3 units of Dysport = 40-50 units of
Myobloc.

As described in earlier chapters, both types of botulinum toxins (A and B) can
block the effect of acetylcholine, a neurotransmitter at nerve-muscle or nerve-gland
junction that activates the muscle and certain glands. Glands that secrete saliva and
sweat are activated by acetylcholine. Based on this premise, in 1999, Dr. Bhatia and
his colleagues from London first showed that injection of 10-20 units of Dysport (a
type A toxin commonly used in England) into the parotid glands (Fig. 14.1) can
significantly reduce patients’ drooling [4]. The four patients in their study had dif-
ferent disorders involving the central nervous system; one of the four had Parkinson
disease. There were no side effects. Since then, the efficacy and safety of BoNTs in
management of sialorrhea has been assessed by several larger and high quality stud-
ies (comparing toxin injection with placebo). A majority of these studies were con-
ducted using the type B toxin (Myobloc). These studies have found objective
evidence (measured by reduction in the saliva volume) for efficacy of BoNT injec-
tion into salivary glands for reducing chronic drooling [5-8]. Most studied patients
expressed satisfaction with treatment and indicated improvement of their quality of
life. In adults, side effects were infrequent and minor consisting of slight local pain
at the time of injection, minor local bleeding and subtle, transient swallowing dif-
ficulty (very uncommon). Patients with drooling in Parkinson’s disease responded
better than other patients. The effect of toxin therapy lasted 3—6 months. Based on
high quality and large multicenter studies, FDA approved the use of Myobloc for
sialorrhea in 2010 and the use of Xeomin (a type A toxin similar to Botox) in 2018.

Comparative studies conducted to define similarity or differences of various tox-
ins’ efficacy in reduction of chronic drooling are scarcely reported in the literature.
In one study, botulinum toxin B (Myobloc) was shown to have comparable efficacy
with botulinum toxinA (Dysport), but it demonstrated a faster onset of action for
reduction of drooling [9]. The authors found that Myobloc was also less costly for
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patients than Dysport. In another study, Myobloc and Dysport had comparable effi-
cacy in treatment of chronic drooling [10]. One review has reported comparable
duration of effectiveness between Myobloc (type B toxin) and Xeomin (type A
toxin) (the two toxins approved by FDA) in treatment of chronic drooling [11].

Technique of Injection

A small narrow syringe (1 cc) with 10 divisions of 0.1 cc and a short, thin needle (V2
to % inch, gauge 30) is used for injection of the toxin into the glands. Although
many physicians inject only the parotid gland, injection of both parotid and sub-
maxillary glands probably renders better results. Many physicians perform injec-
tions based merely on the anatomical knowledge of the parotid and submaxillary
gland locations without the use of ancillary techniques such as ultrasound (Fig. 14.1).
Both glands, especially the parotid glands, are readily accessible to a small needle
approaching from the surface of skin as they are only a few millimeters under the
skin. In adults, numbing of the skin is not necessary since the needles are very small
and injections are very quick and superficial.

The author of this chapter had excellent results in many patients with chronic
drooling by injecting only parotid glands in chronic drooling. If the parotid injection
did not work, even after increasing the dose for the second injection (usually per-
formed 3—4 months later), then a combined injection of parotid and submaxillary
gland was carried out; in great majority of the patients the combined injection sig-
nificantly improved the sialorrhea (Fig. 14.2).

A more precise way to perform parotid and submaxillary injections for drooling
is via the use of ultrasound. Under ultrasound guidance, it is possible to visualize
the gland, see the tip of the needle as it is approaching and entering into the gland
as well as visualization of the injected material into the gland. In adults, usually, no
local anaesthesia is necessary before injections. The number of injections per gland
varies among different physicians. Most physicians recommend injecting into 2 or
more sites for the parotid gland.

One of common causes of drooling in children is cerebral palsy. The term cere-
bral palsy is applied to an unfortunate medical ailment of children in which, during
birth or infancy, brain is damaged causing significant motor deficit and /or disorder
such as paralysis or involuntary movements. Most affected children have degrees of
mental retardation. The cause of CP, in most cases, is poor oxygenation of the brain
during birth or genetic/ metabolic disorders that damage the brain during pregnancy
or shortly after birth. In a study of 113 children with cerebral palsy, aged 617,
48.7% had chronic drooling that was defined as severe in 27.7% of them [12].

Over the past 15 years, several researchers have explored the role of botulinum
toxin therapy in chronic drooling of children, specifically in children with cerebral
palsy. Based on the positive results of a large multi-center study including 255 chil-
dren aged 2—17 years, FDA approved the use of Xeomin, a type A botulinum toxin
with units comparable to Botox, for treatment of sialorrhea in children [13].
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Fig. 14.2 Author’s
injection technique using 4
injection sites for the
parotid gland and 2
injection sites for the
submaxillary gland
(located below the jawbone
close to angle of the jaw).
(Drawing courtesy of Dr.
Tahereh Mousavi)

Although other type A toxins and the type B toxin are not yet approved by FDA use
in children in US, there are several studies strongly suggesting that Botox is also
effective for this indication in children [14].

Recently, Fan and coworkers conducted a study in 41 children, 3 years of age and
younger, with chronic sialorrhea who had neurologic and congenital disorders.
Following botulinum toxin injections into both the parotid and submaxillary glands,
the authors noted significant reduction of salivation and decreased number of hospi-
tal admissions for pneumonia. Also the treated children no longer needed to use
anticholinergic drugs (drugs working against acetylcholine) for treatment of sialor-
rhea [15].

Technical Issues and Toxin Dose

The technique of injection of botulinum toxins for sialorrea in children is similar to
that described earlier for adults. Due to sensitivity of children to injection induced
pain, it is advisable to numb the skin with an anesthetic cream (for instance, Emla
cream) an hour before injection into the glands. Further application of a numbing
skin spray seconds before each injection is also helpful in children.

Side effects of botulinum toxin therapy in children is similar to those experi-
enced adults. In some studies, transient, mild difficulty with swallowing has been
mentioned. This could be avoided in most cases by starting with a smaller dose and
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performing injections under ultrasound that shows the exact location of the glands.
This side effect is more common after submandibular gland injection that is closer
to the neck.

Excessive Sweating (Hyperhidrosis)

Hyperhidrosis (excessive sweating) is a debilitating condition that can lead to emo-
tional and social embarrassment. In severe cases, it can cause occupational, physical
and psychological disability [16].

Hyperhidrosis can be classified into primary and secondary hyperhidrosis.
Primary hyperhidrosis has an incidence of 0.6—1% in general population [17]. Many
cases of childhood hyperhidrosis are hereditary with more than one family member
affected. A genetically dominant form of excessive sweating with onset in child-
hood is now recognized with a defined abnormality of chromosome 14.

The diagnostic criteria for primary hyperhidrosis include excessive sweating for
at least 6 months, no obvious cause and at least two of the following features: sweat-
ing occurs at least once per week, sweating is impairs daily activities, a bilateral and
relatively symmetric pattern of sweating, an age of onset younger than 25 years,
positive family history and cessation of focal sweating during sleep.

Secondary hyperhidrosis can be caused by certain drugs (for example sertraline),
induced by toxins (acrylamide)], or caused by a systemic illness (endocrine and
metabolic disorders, tumors, spinal cord lesions). Certain congenital disorders that
involve the autonomic nervous system such as familial dysautonomia (Riley-Day
syndrome) are also often associated with excessive sweating. Among the other
causes of secondary hyperhidrosis is compensatory hyperhidrosis. In this condition,
there is increased sweating in parts of the body below the level of a surgery called
sympathectomy. Gustatory hyperhidrosis is a familial disorder in which, the face
sweats during eating. Gustatory hyperhidrosis can be the result of trauma to the face
or neck or happen after parotid gland surgery.

The glands that secret sweat are called eccrine and apocrine glands. There are
about 4 million sweat glands in the body. Eccrine glands (the most frequent sweat
glands) have the highest concentration in the region of the armpit (axilla), palms and
sole of the feet; hence, these are the primary areas involved in excessive sweating.
Excessive sweating of the face and scalp is less common. Sympathetic nervous
system, a division of autonomic nervous system, stimulates the sweat glands. As
mentioned earlier in this chapter, the nerves of the autonomic nervous system (sym-
pathetic or parasympathetic) are very thin fibers with slow conduction (compared to
motor nerves) and function independent of individual’s will. Sympathetic nerves
use acetylcholine the chemical transmitter that excites the sweat glands.
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Anatomy and Physiology of Sweating

The pathway for control of sweating (sudomotor pathway) starts from the nerve
cells located at thin (few millimeters) covering (cortex) of brain. Cortex contains
millions of nerve cells. From cortex, the fibers travel down to lower centers of the
nervous system which exert autonomic control such as hypothalamus (a region deep
in the brain where growth hormone is secreted) and the medulla (elongated lower
part of the brain before spinal cord). The sweat fibers cross in medulla and travel on
to the other side of the spinal cord. Emerging from the lateral part of the spinal cord,
sympathetic nerves involved in secretion of sweat enter sympathetic ganglia.
Sympathetic ganglia are a bunch of sympathetic nerve cells that receive the message
from the cortex and send their fibers to the sweat glands. These fibers as describes
above are very thin with acetylcholine at their end as chemical activator of the sweat
gland. A lesion anywhere in this pathway can interrupt the secretion of sweat.

Sweat glands in the palms and soles are mostly activated by emotional stimuli.
Primary hyperhidrosis which is usually familial and absent during sleep, most likely
results from abnormal function of the areas of the brain responsible for emotional
sweating such as hypothalamus. Sweating also happens during exposure to external
heat. It is believed this form sweating which has a more diffuse distribution (includ-
ing face and scalp) has a different anatomic pathway in the brain.

Treatment of Excessive Sweating (Hyperhidrosis)

Treatment strategies to control excessive sweating include application of topical
agents on the skin, administration of oral medications, a procedure called iontopho-
resis and local injection of botulinum toxins into the sweated areas.

Aluminum salts are the main topical agents used for treatment of hyperhidrosis.
Their mechanism of action is not clear but is attributed to either an interaction
between aluminum chloride and keratin in the sweat ducts leading to sweat duct
closure or a direct action on the excretory eccrine gland epithelium (lining cells of
the sweat gland). Aluminum salts are only effective for mild cases of hyperhidrosis;
the duration of their effect is often limited to 48 h. Skin irritation, probably related
to high salt concentration is the main side effect of aluminum salt treatment.

Glycopyrrolate (1-2 mg twice a day), oxybutynin (5-7.5 mg twice a day), and
methantheline bromide (50 mg twice a day) are commonly used anticholinergic
agents for pharmacological management of hyperhidrosis. Side effects, especially
in elderly, can be disabling and include dry mouth, blurring of vision, urinary hesi-
tancy, dizziness, tachycardia, and confusion. Clonidine, given as 0.1 mg twice a day,
is also partially effective by inhibiting the sympathetic output; side effects include
dry mouth, dizziness, constipation, sedation and a fall in blood pressure.

Iontophoresis is a procedure that introduces an ionized substance through appli-
cation of a direct electrical current on intact skin. Tap water and anticholinergic
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agents (glycopyrrolate) are usually used for iontophoresis. Tap water iontophoresis
must be performed initially every 2 to 3 days until therapeutic effect is achieved.
Once the therapeutic effect is achieved for 2 weeks, treatment can be done once
every 2-3 weeks. Duration of the effect for both tap water and anticholinergic ion-
tophoresis is only a few days which makes iontophoresis an undesirable mode of
treatment for hyperhidrosis.

Botulinum Toxin Treatment of Hyperhidrosis

Injection of botulinum toxin into the skin is now an established mode of treatment
for excessive sweating. Its advantage over other modes of treatment include less
frequent side effects and long duration of action (3—6 months) after a single injec-
tion session, eliminating the need for taking daily oral medications or daily applica-
tion of topical creams.

Over the past 20 years, several high quality studies (comparing toxin injections
with placebo injections) have demonstrated that injections of BoNTs into or under
the skin, reduces the volume of the local sweating way out of proportion to placebo
injections. Although the injection are painful, (despite topical application of numb-
ing cream before injections), 90% of the adults tolerate the injections and prefer
15-20 min of discomfort to debilitating excessive sweating. At the present time
Botox and Xeomin are FDA approved for management of hyperhidrosis in adults
and children older than 9 years,; the medical literature, however, indicates that
Dysport (another type A toxin) and the type B toxin (Myobloc) are also effective for
this indication. Long-term follow-ups exceeding 10 years are now available and
have shown continued efficacy of BoNT injections in hyperhidrosis with no reduc-
tion of efficacy after prolonged use.

Technique of Injections

Injections are performed with a thin (gauge 30) and short needle (%2 inch) into the
skin, using a grid like scheme (Fig. 14.3). Since the skin is sensitive and many injec-
tions are needed, it is advisable to numb the skin before injections. Emla cream can
be applied to the intended areas (armpit, palm, sole of the foot) an hour before the
injections. The author also uses a numbing spray intermittently during the injections
that provides additional numbing of the skin for a few seconds. The injected dose of
toxin per site should be very small in order to avoid weakening of the muscles
underneath the skin. This is particularly important in the palm area to avoid weak-
ness of the fingers. For Botox and Xeomin, the advocated dose per injection site is
2-2.5 units. For Dysport (another type A toxin) and Myobloc (type B toxin) the
units used are higher, 2.5-3 times and 40-50 times compared to Botox units, respec-
tively. Most authors inject at 20 sites in each armpit and inject more sites for the
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Fig. 14.3 The author has
recommended sites of
toxin injections for
excessive sweating of the
palm. From author’s
collection. The seating
hand usually dies up within
a week

palm and foot injections. Usually fingers and toes are also covered in the plan of
injections (Fig. 14.3). Excessive sweating in a great majority of cases is bilateral;
hence injections should cover both sides. In experienced hands, Botox (or other
toxins) injections can be performed quickly over 10-15 min for each side. Side
effects are uncommon and usually are limited to local pain and minor bleeding.

Case Report

A 42-year-old woman was referred to Yale Botulinum Toxin Clinic for excessive
sweating of the sole of the feet since childhood. Her mother and younger brother
had the same problem since their early teens. She had no other health problems. She
stated that excessive seating was the source of major social embarrassment for her.
She has tried different anticholinergic medications for management of her foot
hyperhidrosis, but the effect was modest and oral drugs caused disturbing dry mouth
and blurring of vision. After numbing the sole of the feet with Emla cream, she was
injected with Botox on both feet. The total dose of Botox per foot was between 70
and 75 units; 2.5 units injected per site. She tolerated the procedure and had no side
effects. Over the next 6 years of follow up, patient visited the clinic every 4—6 months
and received similar injections. She continued to do well; each time expressing
satisfaction with the treatment.
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Current strategies for management of drooling (sialorrhea) and excessive sweat-
ing (hyperhidrosis) are discussed in detail in several publications [18-22].

Potential Indications of BoONT Therapy in some Skin
Disorders: Intractable Itch and Psoriasis

Recalcitrant Itch (Pruritus)

Itch is an irritating sensation involving a part of skin often provoking a scratch
response to relieve it. In many cases, acute itch is part of a body defense mechanism
against an external noxious stimulus. Chronic itch can be seen in a variety of disease
conditions such as skin disorders (i.e. psoriasis), systemic disorders (kidney or liver
dysfunction), diabetes, infectious conditions and nerve damage from an external
cause. It is believed that itching sensation is conveyed to the brain by very thin nerve
fibers similar to those that carry pain sensation. Chronic itch is defined as an itch
that lasts more than 6 weeks. The prevalence of chronic itch (CP) in general popula-
tion is 13.5% [23].

Treatment of persistent itch includes non-pharmacological approaches, pharma-
cological approaches and neurostimulation. Non-pharmacological approaches
include wearing protective garments, avoiding warm temperature and ultraviolet
exposure. Pharmacological therapy includes application of cooling lotions, emol-
lient creams, capsaicin, lidocaine 5%, cortisone creams and tacrolimus [24].
Anecdotal reports suggest efficacy of antiepileptic drugs pregabalin, carbamazepine
and lamotrigine in management of chronic itch disorder [25]. Transient stimulation
of peripheral nerves (neural stimulation) has been reported to provide temporary
relief from recalcitrant itch in a limited number of patients.

Botulinum Toxin Treatment of Chronic Itch

After injection into the muscle or skin, botulinum toxins block the release and
action of several specific proteins which are important in transmission of pain sen-
sation to the brain. Some of these proteins such as histamine and substance P are
believed to be important in the pathophysiology of itch as well. One of the earliest
reports on the efficacy of Botox in alleviating recalcitrant itch was published by the
author of this chapter and his co-workers at Yale University in 2008 [26], and is
described below.
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Case Report

A 55-year-old woman presented to the clinic evaluation of intense right facial itch
for the past 6 years. The affected area extended from the medial part of the right
eyebrow up across the forehead ending at the hairline. She had had a right frontal
sinus injury 14 years ago. The skin at the region of forehead surgery had a tingling
sensation for several years before the intense itch developed in the same area.
Treatment with oral medications and local novocaine injections provided minimal
relief. With the patient’s consent, Botox was injected into the right side of the fore-
head into the area of intense itch (Fig. 14.4). Similar areas were injected on the left
side of the forehead in order to maintain forehead symmetry. The dose per site was
5 units.

After a week, the patient reported marked reduction of the itch intensity which
lasted for months. The patient moved out of the area and was lost to follow up for
6 months. She returned to the clinic a year later for a second injection. The injection
again relieved her itch. In her words, “Botox injection was the only thing that helped
her itch problem.”

In 2017, another group of investigators have shown similar results with Botox
injection into the skin following intense itch induced by skin injection of cowhage
(an itch producing plant) in 35 normal human volunteers [27]. In 2022, Dr. Gazerani
published a review on the issue of positive botulinum toxin effects in animal models
of itch as well as itch in human subjects including the information from his own

Fig. 14.4 Botox injection
for recalcitrant itch of the
right forehead (area of itch
is marked in yellow).
Injection dose is 5 units of
Botox per site- Drawing
courtesy of Dr. Tahere
Mousavi
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earlier blinded study that had shown showed injection of botox into the skin reduced
intensity of itch in 14 normal volunteers afcted by itch after histamine
injection [28].

Psoriasis

Psoriasis is a common skin lesion characterized by proliferation of skin cells caus-
ing raised and discolored skin areas. The affected skin areas often itch and cause
local pain and are cosmetically unpleasant. In plaque psoriasis, lesions can affect
any part of the body, whereas in inverse psoriasis, psoriatic lesions involve the area
of skin folds (armpit, groin, etc.). Psoriasis is considered an autoimmune disease in
that the immune system of the patient mistakenly attacks the patient’s own
tissue- skin.

In 1998, Dr. Zanchi and his colleagues published results of their study on 15
patients with inverse psoriasis who were given Botox injections (50—100 units) into
the psoriatic skin lesions [29]. The lesions were located in the armpit, groin and, in
several women below the breast in the inframammary (under the breast) fold.
Injections were performed in a grid-like pattern, 2.8 centimeters apart, with each
site receiving 2.4 units of Botox. Patients were followed for 2, 4 and 12 days. All
patients reported improvement of itch and local pain. Photographs of the lesions
demonstrated notable improvement of redness and healing of the lesions in 13 of 15
patients. In the following years, other investigators have published reports indicat-
ing improvement of skin lesion in both plaque and inverse psoriasis after botulinum
toxin injections [30-33] (Fig. 14.5).

Contrary to these reports, Todberg and co-workers in a double-blind and placebo
controlled investigation of botulinum toxin effect on psoriasis (8 subjects) were
unable to achieve positive results [34]. After 8 weeks, none of the patients reported
clinical improvement and the injected lesions with botulinum toxin did not change
and looked the same as psoriatic lesions injected with saline (salt water). However,
in this study the investigators used Dysport (a different type A botulinum toxin). As
2.5-3 units of Dysport approximates 1 unit of Botox. Hence, 36 units of Dysport
used in this study is equivalent to 10.2—15 units of Botox, much less than 50-100 units
used in the study of Zanchi and coworkers [29]. Since success in Botulinum toxin
treatment is highly dose dependent, the failure of this study could be due to the use
of inadequate (too low) amount of the toxin.

Conclusion

Local injections of botulinum toxins (A or B) have been shown to be effective in
reducing saliva and sweat in patients affected by chronic drooling or excessive
sweating. Limited data from uncontrolled studies (no comparison with placebo)
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Fig. 14.5 (a) Psoriasis of the elbow and extensor surface of the forearm a month before Botulinum
toxin injection (b) Significant improvement of psoriatic lesion following injection of 1000 units of
Dysport (approximately 300-350 units of Botox) for treatment of elbow spasticity (see Chaps. 6
and 7 for spasticity treatment in stroke and multiple sclerosis with botulinum toxins). (Courtesy of
Dr. Popescu and colleagues 2022 and publisher-Medicina. Reproduced under Creative Commons
Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/)

suggest that injection of Botox into the skin can alleviate local recalcitrant itch.
Recent observations on psoriatic skin lesions also strongly suggest that injections of
Botox into psoriatic skin plaques can heal the lesions and improve patients’ symp-
toms as well as their quality of life. Side effects of botulinum toxin treatment for
excessive drooling and sweating as well as botulinum toxin for recalcitrant itch and
psoriasis have been infrequent, minor and transient (transient local pain from injec-
tion and, in some cases, minor bleeding).
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Chapter 15 )
Botulinum Toxin Treatment in Dentistry

Check for
updates

Abstract Over the past 20 years, researchers and clinicians have found different
potential indications for the use of botulinum toxin therapy in dentistry. The areas
of interest are management of pain in temporomandibular disorder, pain after frac-
ture of jawbone, local persistent pain at the site of tooth extraction, teeth grinding,
angular cheilitis and burning mouth syndrome as well as improvement of gummy
smile and management of protruded tongue.

Keywords Temporomandibular disorder - Fracture of jawbone - Pain at the site of
dental extraction - Teeth grinding - Angular cheilitis - Gummy smile - Burning
mouth syndrome - Protruded tongue

Introduction

Dentistry is an active medical field in the US with the number of dentists increasing
yearly. In 2020, California, Texas and New York had the highest number of dentists:
31,059; 15,872, and 14,479, respectively [1]. The average income of dentists in US
was $203,000 in 2020. The dental service expenditure in US rose from 62.1 billion
in year 2000 to 143.2 billion in the year 2019 (Statistica 2023). Women visited den-
tists more often than men in 2019 (69.3% versus 61.5%) [1].

Over the past 20 years clinicians have found several new potential indications for
botulinum toxin therapy in the field of dentistry. These include alleviating Jaw pain
in temporomandibular disorder (TMD), pain after jaw bone fracture, persistent pain
at the site of jaw bone extraction, teeth grinding, and burning mouth syndrome as
well as improvement of the gummy smile and management of involuntary pro-
truded tongue.
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Botulinum Toxin Indications for Pain Issues in Dentistry

Botulinum toxin injection can reduce focal pain through several mechanisms. These
mechanisms have been described in detail in Chaps. 4 and 5 of this book. In brief, it
has been shown that local injection (into the muscle and skin) of Botox and similar
toxins reduces the activity of certain chemicals known as pain transmitters. These
chemicals that are present at the end of sensory nerves help to convey specific sig-
nals from periphery to spinal cord and brain where they are perceived as pain.
Several of these pain transmitters that are influenced by botulinum toxin injection
are now recognized such as glutamate, substance P and calcitonin gene-related pep-
tide (CGRP). The injected toxin has the ability to diminish the function of pain
transmitters either peripherally (at nerve endings) or it may travel(toxin molecule)
from the periphery (skin or muscle) centrally to the spinal cord and lower part of the
brain (brain stem) where they influence pain pathways [2-20]. Botulinum toxin can
also exert its analgesic effect through other mechanisms; for instance, the toxin can
deactivate the sodium channels which are present in abundance on the sensory
nerves [21]. These channels are known to have a pivotal role in the function of sen-
sory nerves while conducting the pain signals. Outside of the field of Dentistry,
botulinum toxins are shown to exert analgesic effect in a variety of human pain
disorders described in the previous chapters of this book [22-38]. Botox is FDA
approved for treatment of chronic migraine (Chap. 4) and, since 2010, is widely
used for treatment of this disabling painful condition worldwide.

Botulinum Toxin Treatment for Painful Disorders in Dentistry

Temporomandibular Disorder (TMD)

Temporomandibular joint, acting as a sliding hinge connects the jawbone (mandi-
ble) to the skull (temporal bone) (Fig. 15.1).

A group of painful and non-painful conditions interrupt the function of temporo-
mandibular joint (TMJ)—muscles of chewing (masticatory) and adjoining struc-
tures are termed as temporomandibular disorder (TMD) [39]. Approximately 33%
of adults, at least once during their lifetime, experience symptoms related to TMD
[40]. Close to half of the patients with TMD report persistent jaw pain [41]. Women
are twice as affected as men. Association of TMD with migraine and neck pain is
not uncommon. The pain of TMD is often felt in front of the ear and exaggerated by
jaw movement. The jaw is stiff, and patients have difficulty to open their mouth
fully. Many patients, while eating or chewing, hear a clicking sound. Both medical
and surgical treatments are contemplated for management of the symptoms of TMD
(especially for pain). Medical treatment consists of the use of analgesic drugs for
pain, physiotherapy and the use of jaw splints (occlusal splints). When these non-
pharmacological measures fail, physicians inject anesthetics, steroids and a material
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Fig. 15.1 Temporomandibular joint—with permission from Mayo clinic foundation

called hyaluronate into the affected jaw joint [42]. In recalcitrant pain caused by
TMD, two surgical procedures are commonly performed: arthrocentesis and
arthroscopy. Both aim to wash and clean inside the TM joint from debris and loose
elements. In arthrocentesis, the procedure is done blindly through a cannula which
is inserted inside the joint, whereas in arthroscopy the inserted cannula has a camera
attached to it. Both procedures are effective and reduce the patients’ pain and
discomfort.

Botulinum Toxin Treatment of TMD

Two techniques are currently employed: 1- Injecting muscles involved with jaw
closure—temporalis, and masseter muscles (two muscles shown in Fig. 15.1) only.
2- Injecting both muscles of jaw closure and jaw opening. The main muscle for jaw
opening is the lateral pterygoid muscle.

The largest experience to date with the first approach comes from the experience
of clinicians from Columbia University in New York and Harvard Medical School
in Boston. In a joint publication these researchers presented their experience with
200 patients affected with TMD treated with BoNT injections over 20 years. A total
of 50 units of Botox was injected into masseter muscles at 5 points, whereas tempo-
ralis muscles were injected at 4 points (Fig. 15.3). Sixty per cent of the patients
reported significant improvement of pain and jaw function [43].

Patel et al. [44] conducted a blinded study (doctor and patient) in 20 patients with
TMD. Xeomin (botulinum toxin A with an strength close to Botox) was injected
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into the masseter (50 units), temporalis (25 units) and lateral pterygoid (10 units)
muscles bilaterally. Patients were followed every 4 weeks for 16 weeks. Pain was
measured on a scale of 0-10. At 4 weeks, there was significant pain reduction (both
patient’s pain perception and pain evoked by local pressure upon the affected joint)
in the Xeomin injected group compared to the saline injected group (statistically
significant P < 0.05).

The effects of botulinum toxin usually lasts 12-16 weeks. However, one recent
study reported that after BONT injection for TMD, the effects lasted 33 weeks [45].
Deterioration of jawbone has been reported by some authors after injection of BONT
for TMD [46]. However, the reported studies are of low quality and the significance
of these findings need to be confirmed by high quality investigations.

Technique of Injection

Injections are usually done at four to five locations into the masseter and temporalis
muscles (Fig. 15.2). Patients is asked to clinch the teeth to activate the muscles of
jaw closure (masseter and temporalis muscles). The anatomically complicated mus-
cles can be identified by the use of electromyography (recording electrical activity
of the muscle) or directly visualizing the muscle under ultrasound.

A recent comparative study has shown that the efficacy of botulinum toxin injec-
tions for alleviating pain of TMD is comparable with arthrocentesis and arthroscopy
[47]. The toxin injection has the advantage of being less painful using thin gauge
(27.5 or 30) needles and taking less time as combined temporalis and masseter
injections take only 10—15 min. It requires no skin incision and does not need prior
local injection of anesthetic agents.

Fig. 15.2 Botox injection
sites into temporalis and
masseter muscles for
treatment of TMD. From
Mor et al. [43]. (Method
and sites of temporalis and
masseter muscle injections
in temporomandibular pain
disorder advocated by Dr.
Blitzer and his group from
Columbia University
Published under Creative
Commons Attribution
license (http://
creativecommons.org/
licenses/by/4.0/). Courtesy
of publisher- Toxins)
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Teeth Grinding (Bruxism)

Teeth grinding can be seen in adults or children during wakefulness or sleep. Severe
teeth grinding during sleep interrupts the individual and/or the bed partner’s sleep.
Severe teeth grinding may cause chronic pain in the jaw and lead to teeth damage.
For waking and sleep teeth grinding prevalences of 22-31% and 7.4% has been
reported, respectively [40].

Treatment of teeth grinding may start with non-pharmacological approaches
such as biofeedback, muscle stretching, occlusal devices, and/or electrical stimula-
tion of jaw muscles, but these approaches have questionable longstanding effective-
ness [48]. Pharmacological treatment with tricyclic antidepressants or non-narcotic
analgesics can offer temporary pain relief.

Botulinum Toxin Treatment of Teeth Grinding

Botulinum toxin treatment of teeth grinding is based on the premise that relaxing
the jaw muscles can interrupt the grinding cycle and help the patients. Several trials
have studied the utility of botulinum toxin injections in bruxism. Injections were
made either in the masseter muscles alone or in both masseter and temporalis mus-
cles (bilaterally).

A recent review (2022) on this subject has found ten clinical trials. A meta-
analysis of these studies found that BoNT injection was superior to oral splints or
saline (placebo injection) at 1,3 and 6 months [49]. Meta-analysis is a sophisticated
method of statistical analysis can determine the efficacy of a drug for a certain indi-
cation through comparison of the result of several studies published for a given
indication. The usual injected dose of the toxin for treatment of teeth grinding var-
ied from 30 to 50 units of Botox or Xeomin (units of the two are relatively compa-
rable) for each masseter or temporalis muscle. A recent blinded study found no
difference in efficacy against pain and patient satisfaction between two protocols
(masseter injection alone or masseter and temporalis combined) [50]. Another
recent review found botulinum toxin injection particularly effective for reducing
pain associated with sleep teeth grinding [51]. One recent study indicated that even
injection of low dose botulinum toxin (20 units in each masseter and temporalis
muscle) is effective in reducing pain and achieving patient satisfaction in brux-
ism [52].

Despite these encouraging results, BoNT therapy for teeth grinding is not yet
FDA approved. Based on the volume the literature, clinicians, especially in aca-
demic centers, do use BoNT injections for management of bruxism. High quality
studies are needed to assess the efficacy of repeated (usually every 3—4 months)
toxin injections beyond 1 year in this disorder. A detailed review of all studies
reported on botulinum toxin therapy for teeth grinding has been published by
Etemad-Mogadam and co-workers in 2022 [53].
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Fracture of the Jawbone (Mandible)
and Cheekbone (Zygoma)

Attachment of muscles to the jawbone facilitates jaw movements, controls growth
of the muscular and bony structures and dental occlusion (how teeth come together
when mouth is closed). Fracture of the jawbone, depending on the severity of injury,
and direction of the fracture, causes functional complications. Relaxing the muscles
that move the jaw (temporalis and masseter -mouth closure; lateral pterygoid-jaw
opening) by botulinum toxin injections can reduce pain and complications. Jaw
fractures can involve the condyle (top of the vertical portion of the jawbone), the
angle (were horizontal and vertical parts of the jaw bones meet, the symphysis (mid-
line where the jawbone from one side meets the other) or zygoma (fracture of
check bone).

For all these conditions, the limited available literature suggests that injection of
botulinum toxin into muscles involved in jaw opening and jaw closure (masseter
and pterygoid muscles-Fig. 15.3) alleviates pain and smooths the post- surgical out-
come [54-57].

Fig. 15.3 The site of skin sensitivity and pain shown with dark ink. Botox was injected in the area
of extracted tooth (painted dark). (Drawing courtesy of Dr. Damoun Safarpour)
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Preventing Plate Fracture

Plates are used for fixation of bone segments after a fracture. The commonly used
plates are made from titanium or are resorbable plates. Plate fracture due to contrac-
tion of masseter muscles is a common occurrence. Shin and co-worker’s [54] stud-
ied 16 patients who had plate insertion after jaw fracture. Half of the patients were
injected with 25 units of Botox into each masseter muscle, while the other half did
not have Botox injection. After 6 months, the incidence of plate fracture was signifi-
cantly lower in the patients who had received Botox injections for to relaxation of
masseter muscles.

Post-extraction Pain

In this area, there are only anecdotal observations. The following case is presented
from the author’s experience.

Case Report

A healthy 60-year-old man presented with significant painful hypersensitivity to
touch on the gums (gingiva) adjacent to extraction site of molar teeth. The allodynia
(sensitivity to touch- touch perceived as pain) developed 3 years ago, following the
extraction of three molars. He also described attacks of severe and jabbing pain that
radiated to the upper lip on the same side. The pain attacks occurred several times a
day with an intensity of 9 or 10 on a scale of 0-10. Pain prevented him from com-
fortable brushing. He was taking 600 mg gabapentin, four times daily without
achieving satisfactory pain control. Marked sensitivity of the gums, over and ante-
rior to the extraction site, was confirmed on examination (Fig. 15.3). He was injected
with 10 U (2.5 U x 4 points) of Botox into the painful area, with a thin needle (gauge
30), 2 mm below the surface. He reported distinct improvement of gum sensitivity
and cessation of pain attacks after 7 days. The effects lasted up to 6 months and a
second round of treatment was administered at the patient’s request, which yielded
the same efficacy. On PGIC scale (patient global impression of change), he reported
his pain as “very much improved”.
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Botulinum Toxin Treatment for Non- painful Disorders
in Dentistry

Gummy Smile (Excessive Gingival Display)

Display of upper gums, more than 3 mm upon smiling, is known as gummy smile
(Fig. 15.4). Hyperactivity of muscles responsible for lip elevation is one of the
major factors causing gummy smile. Treatment usually involves application of orth-
odontic and surgical procedures to correct the elevated lip responsible for the
gummy smile [58—61]. Gummy smile is more common in females [61]. A few small
studies have used botulinum toxin injection to improve the gummy smile. Five units
of Botox on each side is recommended. The Yonsei point is considered a good point
for a single injection on each side of the face. This point is at the junction of a hori-
zontal line drawn | cm from the lateral part of the nostril and a vertical line drawn
3 cm up from the lateral junction of the two lips (corner of the mouth) [61, 62].
Injection complications include asymmetric smiling and or developing difficulty in
smiling.

Burning Mouth Syndrome (BMS)

International Classification of Oro-facial Pain (ICOP) defines BMS as a burning
sensation inside the mouth that lacks apparent local or systemic cause and occurs
more than 2 h a day with a minimum duration of 3 months [39]. BMS is three times
more common among women and is more prevalent after age 50. The prevalence of
BMS in North America is almost equal to Asia (1-1% versus 1.05%), whereas it is
higher in Europe (5.58%) [64]. The cause(s) of BMS is not clearly defined. It is

Fig. 15.4 Gummy smiles
and site of injections. The
toxin dose is 5 units of
Dysport on each side
(approximately 2 units of
Botox). (From Mazzuco
et al. [63] 2010,
reproduced with
permission from the
publisher (Elsevier))
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suggested that this condition is a form of sensory neuropathy affecting the sensory
fibers inside the oral cavity (including the tongue) [65].

Exercise of muscles of chewing (temporalis and masseter muscles), application
of hot pack, ultrasound and physical therapy offer limited success in treatment of
burning mouth syndrome. The literature on botulinum toxin treatment for BTS is
limited to a few single case reports and one study of 6 patients [66]. In the latter
study investigators performed bilateral injection of the tongue (anterior two third)
and lower lip with 16 units of botulinum toxin A (in this case Xeomin with compa-
rable units to Botox). Three patients had diabetes. They reported a marked reduction
of burning sensation from the initial value of 6-9 (on 0-10 scale) to 0 in 48 h. The
effects lasted 12-20 weeks. Studies with a larger number of patients, and preferably
blinded, are needed to confirm these results.

Angular Cheilitis (AC)

Angular Cheilitis (AC) refers to inflammation of the corner of the mouth presenting
with redness, cracks (fissure) and, in severe cases, ulceration. In older individuals,
progressive deep creases in the corner of the mouth collect saliva and bacteria lead-
ing to the development of infection. Single case reports claim injection of Botox
around the mouth can improve this condition. In one report, a 60-year-old patient
with 2-year history of AC improved substantially after Botox injections into face
muscles close to the corner of the mouth [66].

Botulinum Toxin Treatment Before Implant Surgery

Patients with teeth clinching (bruxism) may develop problems after implant surgery.
Severe teeth clinching can lead to loss of implants. As described earlier in this chap-
ter, botulinum toxin injections into muscles involved in chewing can relax these
muscles and improve teeth clinching. In one study [67], researchers investigated the
number of implant loss in 13 patients injected with botulinum toxin 3 weeks before
implant with 13 patients who did not receive such injections; all patients had teeth
clinching. Dysport (a botulinum toxin A similar to Botox) injected into temporalis
and masseter muscles (see Fig. 15.1 for locations of these muscles). The injected
dose of Dysport on each side was 90 units for masseter (approximately equal to
30—40 units of Botox) and 70 units for temporalis muscle (approximately equal to
20-25 units of Botox). Patients were followed for 18 to 51 months. Each group had
approximately 100 implants. During the follow up period, no implant was lost in the
botulinum toxin injected group, whereas in the non-injected group, two patients
demonstrated lost implants.
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Tongue Trust

Forward tongue trust can interfere with speaking and eating and put pressure against
the teeth. Protruded tongue intermittent or sustained, can be a complication of medi-
cations used in psychiatry. A protruded tongue can interfere with and when present
can prolong dental surgery. Botulinum injection of the tongue has been suggested in
conjunction with dental crib (a metal structure that protects the teeth from the pro-
truding tongue) insertion to reduce tongue pressure [68]. Tongue injections by botu-
linum toxin is tricky and in unexperienced hands can lead to tongue paralysis and
difficulty in swallowing. It should be performed only by experienced physicians
with significant knowledge of oral anatomy.

I have injected a dozen patients with severely protruded tongue for non-dental
indications. Quick Injections of 5 units of Botox on each side of the tongue with a
thin short needle in my experience helped two third of the patients and did not pro-
duce any complications. In a very small tongue, however, it would be wise to reduce
the dose.
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Chapter 16 )
Botulinum Toxin Therapy in Veterinary
Medicine

Check for
updates

Abstract Emerging literature supports that local injection of botulinum toxins can
help local pain in animals. In dogs, botulinum toxin injections have been studied for
treatment of painful joints (osteoarthritis) and pain after breast removal (mastec-
tomy) for malignant breast cancer. In horses, botulinum toxin injections have been
used to improve pain resulting from bone degeneration in animal’s hoofs leading to
soft tissue damage (laminitis and synovitis). This chapter reviews the potential of
botulinum toxin therapy for alleviation of local pain in canine and equine species.

Keywords Botulinum toxin - Botulinum neurotoxin - Canine osteoarthritis -
Canine postmastectomy pain - Equine laminitis - Equine synovitis - Equine
hoof pain

Introduction

Pet ownership is constantly on the rise in US with dogs being the most favored pets.
According to Insurance Information Institute in 2022, 69 million American house-
holds have a pet dog versus 45.5% having a pet cat. Data from American Veterinary
Association shows the highest pet ownership in the state of Wyoming (71%) closely
followed by Nebraska, Arkansas and Indiana (each 70%), while the state of Rhode
Island has the lowest figure (45%). Being the most common household pets, dog
care- cost has risen steadily over the past two decades. The average monthly insur-
ance for dogs is $65. Pain is a major complaint that brings dogs to the attention of
veterinarians. The most common types of pain in dogs are pain related to trauma,
pain of arthritis (joint pain) and pain after surgical procedures. In the novel called *
traveling with Charley”, the Nobel- prize winner John Steinbeck describes in detail
his dog’s (Charley) discomfort and pain after urinary retention while travelling
widely in US. This chapter describes the potential role of local botulinum toxin
injection in improving joint pain and post-surgical pain in dogs and pain issues
in horses.
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As described in the previous chapters of this book (Chaps. 2 and 5) botulinum
neurotoxins can improve pain through different mechanisms. When pain is due to
muscle contraction or muscle spasms (such as is seen after trauma), the injected
toxin relaxes the muscle through blocking the release of acetylcholine at nerve-
muscle junction. Furthermore, it has been shown that botulinum toxins can reduce
the major pain transmitters (glutamate, substance P, calcitonin gene related peptide)
in animal pain models both centrally and peripherally [1-22]. Inhibition of sodium
channel that conducts some pain signals in another pain- relieving mechanism
attributed to the analgesic function of botulinum toxins [9, 23]. Finally, local botu-
linum toxin injections, by influencing fine fibers within the muscles (intrafusal
fibers), reduce sensory input to the spinal cord and the sensitization of central pain
pathways [24] which contribute to pain maintenance in chronic pain conditions.

In human, botulinum toxins have been shown to improve several pain disorders
including chronic migraine, pain after shingles (post-herpetic neuralgia), pain after
trauma (post traumatic neuralgia) and a variety of facial pains (trigeminal neural-
gias), as well as plantar fasciitis, piriformis syndrome, interstitial cystitis, pelvic
pain, pain from diabetic neuropathy and certain types of low back pain (described
in previous chapters of this book) [25-34].

Chronic pain disorders in dogs and horses are one of the most common medical
conditions encountered in veterinary practice. In recent years, some veterinary
researchers have explored the analgesic role of botulinum neurotoxins (BoNTs) in
painful disorders of dogs and horses. In dogs, the studies have focused on osteoar-
thritis and post- surgical pain so far. In horses, the analgesic effects of BoNTs have
been explored in soft tissue damage of the foot (laminitis, synovitis) and pain in the
hoof secondary to degenerative changes of the navicular bone.

Osteoarthritis of Dogs (Canine Osteoarthritis)

Mammalian joints are made of two bones that come together, separated by cartilage
(connective tissue) and surrounded by a fluid called synovial fluid (like egg white)
(Fig. 16.1). Osteoarthritis is characterized by degeneration of joint cartilage associ-
ated with changes in synovial lining and synovial inflammation. The inflammatory
response in osteoarthritis is often mediated by hormone like substances called cyto-
kine prostaglandin E2 (PGe2) [35, 36]. A prevalence ranging from 2.5 to 20% has
been reported in dogs for osteoarthritis [37, 38]. Osteoarthritis is one of the leading
causes of canine chronic pain and disability, especially in older dogs.

Treatment plan for canine osteoarthritis includes both pharmacological and non-
pharmacological approaches. Common non-pharmacological approaches include
physical therapy, weight bearing physiotherapy and nutraceuticals (food that con-
tains health-giving additives such as vitamin E, fish oil, chondroitin). Pharmacological
treatment includes use of oral analgesic drugs as well as injection of drugs and
hormones into the joint (intra-articular injection) [39]. Among intra-articular (IA)
injections, steroids are commonly employed. Although IA injection of steroids
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often alleviates dogs’ pain, the results usually do not last more than 8 weeks [40].
Furthermore, TA injection of steroids can cause several undesirable side effects such
as focal infection of the joints (septic arthritis) [41, 42]. Recently, investigators have
reported that intra-articular injection of a non-steroid drug, celecoxib, improved
pain and quality of life in 30 studied dogs with painful osteoarthritis [43]. Trials
injection of stem cells derived from the fat (adipose) tissue of the affected dogs into
the affected joint and with plasma rich platelets (blood cells important for coagula-
tion) are ongoing in canine osteoarthritis. Some preliminary results have shown
improvement of pain and quality of life lasting up to 6 months [44, 45].

Botulinum Toxin Treatment of Osteoarthritis in Dogs

Limited number of studies suggest that botulinum toxin injection into the joint can
reduce or alleviate pain in dogs with painful arthritis. This literature includes one
open label ( no placebo) and two blinded (placebo-controlled) studies [46—48]
(Table 16.1).

In 2004, Hadley and co-workers [46] reported the result of an open label study
on the efficacy of Botox injections into the affected joints of five dogs with osteoar-
thritis. All dogs had chronic pain and their condition was stable. They were all on
medications for inflammation (not steroids) and on nutraceuticals (see above). The
studied dogs had lameness and pain due to elbow or hip osteoarthritis. After seda-
tion, each dog received an injection of 25 units of Botox into the affected joint.
Animals were evaluated by pressure platform gait analysis (ground pressure/ weight
bearing) and owner perception of outcome (walking discomfort) at baseline and at
2,4,8 and 12 weeks post injection. All dogs, following Botox injection, demon-
strated improvement of ground reaction forces. At week 12, two of five owners
reported significant and one owner reported moderate improvement of dogs’
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Table 16.1 Studies assessing efficacy of BoNT injections in canine osteoarthritis

Dose
Authors | Type of Study | Number | Location | Toxin | in Assessed
and date | study class | of dogs |of OA type | units | scales Results
Hadley | Open IV 5 Elbow, |onaA |25 Pressure PPGA
et al, label (not hip Platform improved in all
2010 blinded) Gait dogs at week
[46] Analysis 12, OP: two
(PPGA), dogs
Owner significantly
Perception | and one dog
(OP) moderately
improved
Heikkila | Blinded, |I 35 Stifle, onaA | 30 Helsinki At 12 weeks,
etal, placebo- elbow, Chronic both HCPI and
2014 controlled hip Pain Index | GRF improved
[47] (HCPI), significantly
Ground (P <0.005)
Reaction
Force (GRF)
Nicacio |Blinded, |1I 16 Hip aboA | 25 Vet-score, Both toxin and
etal, placebo- Helsinki placebo groups
2019 controlled Chronic improved in all
[48] Pain Index | measures
(HCPI) compared to
baseline

aStudy class is defined according the guidelines of the American Academy of Neurology

onaA onabotulinumtoxinA-botox, aboA abobotulinumtoxinA (Dysport), PPGA Pressure Platform
Gait Analysis, HCPI Helsinki Chronic Pain Index, GRF Ground Reaction Force, CBPI Canine
Brief Pain Inventory, OA osteoarthritis

function and discomfort. Among the other two, one owner reported mild and the
other reported no improvement. No side effects were reported.

In 2014, Heikkila and co-workers [47] published their study on Botox’s effec-
tiveness in osteoarthritis of 35 client owned dogs. The animals had osteoarthritis of
the stifle, hip and elbow joints. The study was placebo-controlled. Each dog received
intra-articular injection (into painful joint) of either Botox or placebo (saline). The
injected dose of the toxin was 30 units. The primary outcome measures of the study
were Helsinki Chronic Pain Index (HCPI) and changes in the ground reaction forces
evaluated by a force plate. HCPI is a questionnaire for dog owners through which
they rate a dog’s chronic joint pain. In this scale, a score of 17 or higher denotes
severe pain. Secondary outcome measures of the study consisted of the need for
rescue analgesia (pain medications) and a subjective pain scale rated by a veterinar-
ian. Dog owners were given caprofen tablets (Pfizer’s Rimadyl) for pain (rescue
analgesic) to be given to their dogs once daily (4 mg/Kg) if needed. They would
record this rescue analgesic use as O=not needed, 1= needed once or twice/week,
2- needed 3 to 4 times/week and 3- needed 5-6 times/week and 5- when needed
every day. The duration of the study was 12 weeks. At the end of the study (12
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weeks after injection), the investigators noted a significant improvement of ground
force in the toxin injected group (P < 0.005). The group that was injected with
Botox also demonstrated a significant reduction of HCPI score (pain score) from
baseline when compared to placebo. The authors did not observe any serious side
effects in the participant dogs.

In 2019, in another study, Nicacio et al [48] published their research on BoNT
treatment of canine osteoarthritis. In this blinded and placebo-controlled study, the
researchers injected either Dysport (another BONT-A, like Botox) or saline into the
hip joint of 16 dogs with osteoarthritis. The injected dose of Dysport was 25 units.
The dogs’ response to intra-articular (IA) toxin injections was evaluated over 12
weeks with a Vet-Score and an owner rating scale. The Vet-score includes 4 subsets
of pain on manipulation, lameness, ability to jump and ability to climb stairs, each
rated from 1 to 4. The owners were trained to use two validated pain scales to rate
the level of pain change in the dogs namely, HCPI (see above) and Canine Brief
Pain Inventory (CBPI). The investigators found that both Dysport and saline injec-
tions improved Vet Scores, HCPI and CBPI scores significantly, but the improve-
ment had a higher magnitude in the saline group! The large placebo effect in this
study makes any conclusions about toxin efficacy invalid. Furthermore , Furthermore,
if one uses a ratio of 1:2.5 for Botox/Dysport, the dose of Dysport used in Nicacio
and co-worker’s study [48] would be substantially lower (almost half) that that of
the toxin dose used in the study of Heikkila and co-workers who used Botox[47].
Using the efficacy criteria of Assessment and Guideline subcommittee of the
American Academy of Neurology [49, 50], IA injections of Botox for canine osteo-
arthritis would have a level B efficacy (probably effective based on one class I study
(blinded, carefully screened) [47]. Studies investigating the efficacy of botulinum
toxin injection in canine osteoarthritis are illustrated in Table 16.1.

Heikkila and co-workers [51] also investigated if after Botox injection into the
joint of healthy dogs, the toxin spreads to other joints and into adjacent muscles and
causes any deleterious effects. Six healthy dogs were injected into a joint either by
30 units of Botox or by comparable volume of saline (same joint on the other side).
The study was blinded and placebo-controlled (saline). Although by electrophysio-
logical assessment (electromyography), there was some evidence of spread of the
toxin into the adjacent muscles, none of the dogs showed muscle weakness or any
other adverse effects.

BoNT Injections for Post-surgical Pain in Dogs

In human, BoNT injections can relieve local pain after neck surgery, breast pain
after mastectomy and pain after breast expander surgery [52-55]. So far, in dogs,
only one study has reported the results of BoNT treatment for pain after mastec-
tomy. Vilhegas and co-workers [56] enrolled 16 studied dogs scheduled to have
bilateral mastectomy for malignant tumors. The study was blinded, placebo-
controlled and had a duration of 10—14 days. The study cohort was randomized into
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toxin and placebo groups. The dogs in the toxin group were injected with Dysport
(7units/kg), 24 h before surgery. Injections were performed into the middle of the
mammary glands (breasts). An identical volume of normal saline was injected into
the breast of the control group. Authors assessed dogs’ post-operative pain by the
Visual Analogue Scale (VAS, 0-10) and by modified Glasgow Composite Measure
Pain Scale (GCMPS). Rescue analgesia was prescribed during the study when
deemed necessary. The authors found that pain scores evaluated by VAS and
modified-GCMPS were significantly lower in the BoONT-A group compared to the
control group (P < 0.05). Only two of the eight dogs injected with Dysport required
strong pain medications after mastectomy compared to seven of eight dogs in the
placebo group - a finding that was statistically significant (P = 0.022). The authors
concluded that “pre-emptive botulinum therapy appears to be effective in reducing
post-operative pain in dogs undergoing bilateral radical mastectomy.” No adverse
effects from botulinum toxin (Dysport) injections were noted.

BoNT Treatment in Equine Pain Disorders

Horses may suffer several ailments that cause chronic pain, leading to lameness and
loss of function. The literature on the use of BoNTs as an analgesic in equine pain
disorders is limited to studies on laminitis, synovitis and chronic pain in the hoof
due to degeneration of navicular bone and the surrounding tissue.

Laminitis

Laminitis refers to inflammation of the soft tissue structures that attach the coffin
(pedal bone of the foot) to the hoof wall. Inflammation and damage to the lamina of
the horse can cause severe pain and lead to instability of the coffin bone in the
horse’s hoof. With progression of the disorder, the third phalanx rotates and under-
goes distal displacement in the hoof capsule. In more severe cases, it can lead to
complete separation and rotation of the pedal bone within the hoof wall. Recurrent
attacks of laminitis after the initial attack are not uncommon. Severe laminitis can
cripple the horse and may even be fatal. Since management of laminitis is difficult,
prevention of laminitis is an important task in equine veterinary medicine.

The reported incidence of equine laminitis varies from 1.5% to 24%, reflecting
variation in the type of horses, horses’s nutritional status and their geographical
location [57]. Mitchell et al [58] described five principles for treatment of acute
equine laminitis: nutritional and medical management of primary disease process,
cryotherapy (keeping the temperature below 10 degrees centigrade for 48 h), treat-
ment of inflammation, pain control and biomechanical optimization. Among drugs
used for treatment of inflammation, phenylbutazone is commonly administered
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with a dose of 2.2—4.4 mg/kg given by mouth or administered intravenously every
12 h [58].

For management of mild to moderate pain, amitriptyline and soluble epoxide
hydrolase inhibitor may be helpful [59]. More severe cases of pain may require use
of opioids or constant rate infusions of a-2 agonists, ketamine, and lidocaine [59].
In case of recalcitrant pain, deep digital tendon resection (tenotomy) may offer pain
relief [60].

Botulinum Toxin Treatment in Equine Laminitis

The feasibility of denervating the deep digital flexors of the horse by BoNT injec-
tions (producing a similar effect to tenotomy) has been explored by several studies
in recent years [61-63]. These studies have shown that injections of BoNTs into the
deep digital flexors produce sustained denervation of these muscles with reduced
electrical activity of the muscle on electromyography (EMG) and, in appropriate
doses, these injections do not cause lameness or loss of function. The authors con-
cluded that BoNT injections may offer a safe approach for treatment of laminitis,
the efficacy of which needs to be confirmed by large clinical trials.

In a small open- label study, Carter and Renroe [64] investigated the effect of
deep digital flexor denervation by BoONT-A for treatment of equine laminitis. Seven
horses with chronic laminitis were injected by 100-200 units of Botox into the digi-
tal flexor muscles of one or both front limbs. The horses were followed for a period
of 6-36 months. Six of the seven horses demonstrated improvement of pain and
function; most of them becoming pressure sound. One of the six responding horses
fully recovered and could ride through all gates. No adverse effects were seen after
BoNT injections.

Botulinum Toxin Effect on Podotrochlear (Navicular)
Pain Syndrome

In the horse’s hoof, podotrochlear apparatus (navicular apparatus) includes the
navicular bone, the navicular bursa, the coffin joint and suspensory ligament of the
navicular bone as well as the deep digital flexor tendon (DDFT). Degenerative
changes affecting navicular bone and adjacent tissue result in hoof pain and lame-
ness. Corrective shoeing, controlled exercises, extracorporeal shock therapy as well
as oral or intra-articular injection of drugs that combat inflammation are helpful, but
still a majority of the horses fail to respond to these treatments [65].

In an open label study (not blinded) [65], the authors injected Myobloc (botuli-
num toxin B) into the navicular bursa of 7 horses with severe lameness and pain due
to degeneration of podonavicular apparatus. The dose of injected toxin was 3.8 to
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4.5units/kg. The response to BoNT-B injections was assessed over 14 days via study
of videos by veterinarians. After Myobloc injections, investigators noted a signifi-
cant decrease in the severity of lameness. However, none of the horses fully recov-
ered from lameness which the authors attributed this to possibly the low dose of the
injected toxin.

BoNT Effect on Acute Synovitis

Depuy et al [66], in a double- blind, placebo -controlled study, injected 50 units of
Botox into the middle carpal joint (both limbs) of two healthy horses. Two other
horses (controls) received the same volume of saline injections bilaterally. Then, all
four horses were injected by interleukin 1-beta in order to induce acute inflamma-
tion (synovitis). Study veterinarians evaluated the analgesic activity of the injected
Botox using a computer-assisted analysis of lameness. After interleukin injection,
both saline injected horses developed lameness, whereas only one of the two horses
that had received BoNT injection demonstrated lameness. All horses were eutha-
nized at day 14 after interleukin injection. The histological evaluation of the injected
joints revealed evidence of suppurative inflammation in all four horses.

Comment

The low-quality (not blinded) studies cited above, suggest that local injection of
Botox into the joint of horses affected by painful lameness due to inflammation of
the synovial fluid and soft tissue can relief pain and improve equine lameness. The
proof of utility of Botox in equine pain disorders awaits the results of well-designed,
blinded and placebo-controlled studies. Since horses are known to be more sensitive
than many other species (including man) to the effects of botulinum toxins [67],
future studies need to monitor and titrate the injected doses of the toxin carefully in
order to avoid inducing botulism. A detailed and up to date review of BoNT toxin
treatment in veterinary medicine has been published recently (2020) by Helga
Heikkila PhD, DVM [68].
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Chapter 17
Cost and Insurance Issues in Botulinum
Toxin Therapy

Abstract Botulinum toxin therapy is now an established mode of treatment for a
large number of medical problems. It is FDA approved for treatment of migraine,
spasticity (stiff and painful muscles) due to stroke, brain and spinal cord trauma,
cerebral palsy, involuntary movements of the neck and face as well as certain blad-
der disorders. For these indications and for cosmetic use, it is now one of the leading
therapeutic approaches used in millions of people worldwide. Botulinum toxin
therapy is expensive. This chapter discusses the venues that are available to the
patients through the manufacturing companies to defray some of the cost of botuli-
num toxin therapy. The role of patient and treating physician in facilitating co-pays
is also discussed. Finally, data from the literature for certain indications, showing
cost-effectiveness of botulinum toxin therapy (despite its high cost) is provided.

Keywords Botulinum toxin - Botulinum neurotoxin - Insurance - Cost - Cost
efficiency, migraine, spasticity, cerebral palsy, overactive bladder

Introduction

Botulinum toxin therapy is now an established mode of treatment for a large number
of medical problems. It is FDA approved for treatment of migraine, spasticity (stiff
and painful muscles) caused by stroke, brain and spinal cord trauma, cerebral palsy,
involuntary movements such as cervical dystonia and facial involuntary movements
as well as certain bladder disorders. These medical disorders involve millions of
people in the US and more than 100 million worldwide.

The six FDA approved botulinum toxins in the US are distributed under the trade
names of Botox (Allergan Inc), Xeomin (Merz Pharmaceutical), Dysport (Ipsen),
Jeuveau (Evolus), Daxxify (Revance) and Myobloc (Solstice Neuroscience). The
first five are type A and the last (Myobloc) is a type B toxin. Of eight distinctly
defined serotypes of botulinum toxins in nature (A, B, C, D, E, F, G, X), only types
A and B are currently approved for clinical use (partly due to their long duration of
action). FDA has a long propriety name for each of these toxins that is usually used
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in research and publications; onabotulinumtoxinA, incobotulinumtoxinA, abobotu-
linumtoxinA, probobotulinumtoxinA, DaxibotulinumtoxinA and rimabotulinum-
toxinB, respectively. The reader is referred to Chaps. 2 and 3 of this book for further
definition of these toxins including their molecular structure, physical properties
and mechanisms of action. There are also two other well-known toxins (both type
A) with trade names of Prosigne (Lanzhou Institute-China) and Meditox (Korea)
that are widely used in Asia, but are not approved by FDA for use in the US.

Due to the expense of botulinum toxin therapy, programs have been established
by the manufacturing companies to defray some of the cost to the patients.

For enrollment into botulinum toxin patient assistant programs, patients have to
meet certain eligibility criteria. These eligibility criteria are more or less the same
for all companies that produce the FDA approved toxins. The eligibility criteria
consist of:

. Age of 18 years or older.

. Medical condition must be FDA approved for botulinum toxin therapy.

. The patient should have either no insurance or a private insurance coverage.

. The patient should not be enrolled in a federally insured program such as
Medicare, Medicaid or Tricare.

2N —

Some exceptions exists. For instance Merz program covers ages 2—64 years and, in
Dysport’s program patients can have medicare.

The total amount of medical aid ranges from $4000 (for Xeomin,Dysport and
Botox) to $5000 per year. The limit for each treatment is up to $500 per session and
it can be repeated several times per year as repeat injection sessions are indicated.
The aid covers both cost of the vials and payment to doctor’s office for medical
assessment and botulinum toxin injection. It may cover the cost of ancillary diag-
nostic techniques such as ultrasound that visualizes the targeted muscle (for instance
in spasticity), or electromyography that locates muscle activity by recording the
electrical activity of the muscle.

In case of patients who have insurance, the patient informs the physician’s office
regarding being enrolled in the patient-assisted program. The physician’s office then
submits a bill to the insurance company for patient assessment and procedure cost.
If the patient receives an invoice asking payment for part of the bill not covered by
patient’s insurance, he/she can submit a copy of that bill to the patient assisted pro-
gram that is geared to cover up to $500 of the unpaid bill for each treatment.

The cost of botulinum toxins varies among the states. In 2005, the price was
higher in the northern states compared to western states in pharmacies and hospitals
provided the toxin by the whole sale organizations. The current whole sale acquisi-
tion cost (WAC) for the three widely used botulinum toxins in the US are as follows:

e Botox vials: 50 units ($300), 100 units ($600), 200 units ($1200)
e Xeomin vials: 50 units ($253), 100 units ($482), 200 units ($964)
* Dysport vials: 300 units: $491

Although the units of the toxins are not truly interchangeable, each one unit of
Botox approximates one unit of Xeomin and 2.5 units of Dysport.
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Various strategies are used by physicians to lower the price of toxin used per
patient. Some of these practices are inappropriate such as an injection arrangement
called “Botox parties.” Usually, practiced for cosmetic purposes that require much
fewer units of Botox than that used for spasticity or dystonia; a physician injects a
large number of patients (20 or more) in a rapid sequence. Although somewhat
cheaper for the patient, such a practice is not sound and safe since rushed injections
may jeopardize the accuracy of the procedure and could potentially interrupt main-
tenance of full sterility.

Patients and Insurance Companies

Insurance companies use a list of different diagnoses with designated diagnostic
codes that reflect indications that a particular company has approved for botulinum
toxin therapy. This list varies somewhat among different companies. In consulta-
tions with experts in the field, the companies often update this list annually or bian-
nually. Although the list(s) are somewhat rigid, there is often some room for
negotiation. In each region of the country, insurance companies have physicians in
their payroll who deal with insurance issues with medical providers. If your insur-
ance company refuses to approve you for botulinum toxin treatment of your condi-
tion, you may ask your physician if he can call the insurance company and present
your case for you. Sometimes, a very informed nurse can do as well as the treating
physician but usually the process works better when the issue is discussed between
the treating and the company physician. The medical conditions considered for
insurance approval do not always have to be FDA approved indications. For several
non-approved clinical conditions, there is now ample literature to support effective-
ness of botulinum toxin therapy. Some of these off-label conditions include injec-
tion of Botox and other neurotoxins into the skin for alleviating the pain associated
with shingles (post-herpetic neuralgia) or the pain in the distal part of the limbs
resulting from nerve damage from diabetes or local trauma. Your treating physician
can provide the company’s physician, before their telephonic communication, the
relevant literature that strongly supports the use of botulinum toxin injection for
your medical condition. In busy practices, many physicians may not find the time to
do this but I know, from personal experience, that treating physicians’ calls to insur-
ance company’s physician, in many cases succeeds in gaining treatment approval
for patients.

One of the reasons for disapproval for some disorders is an insurance company
policy that requires evidence for failure of other medications before botulinum toxin
therapy. A brief request for approval submitted to the insurance company by the
clinic staff may not provide convincing information on this issue. Again, a call from
treating physician or an informed nurse is helpful. In many instances, specific medi-
cations asked by insurance companies to be used before botulinum toxin therapy
may not be compatible with the patient’s age or it may interfere with other
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medications essential for patient’s health. It is the treating physician who can best
discuss and document these issues or, even better, explain it over the phone.

Contact Information for Patient Support and Co-pay
Programs in the US

Dysport (Ipsen Inc): Ipsen Care Program

Telephone: 1-866-435-5677- 8 am to 8 pm (ET)
Website: Ipsencares.com

Botox (Allergan Inc): Reimbursement Solutions Patient
Assistance Programs

The programs assists uninsured and underinsured patients with their treatment
through donation of Botox.

https://www.botoxone.com/ Download program application instructions. Out of
pocket costs of patients’ for treatment of cervical dystonia may be covered through
National Organization of Rare Diseases (NORD-rarediseases.org).

Telephone: 1-855-864-4024
Website: Cervicaldystonia@rarediseases.org

Xeomin (Merz Pharma): Xeomin Patient Co-pay Program

Telephone: 888-493-6646- 8 am to 8 pm (ET)
Website: Xeomin.com

Myobloc (Solstice Neuroscience): Myobloc Co-pay Program

Telephone: 888-461-2255- 8 am to 8 pm (ET).
Website: www.myobloc-reimbursement.com

Jeuveau (Evolus): Evolus reward program. 949-284-4555 (PT)

Daxxify (Revance) Telephone: 877-373-8669 (ET) hcp.doxxifytherapy.com,
find Daxxify near me. Currently (as of Dec 2023), Revance company is in the pro-
cess of developing saving programs for patients who use Daxxify.
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Several other botulinum toxin type As are currently in use in the Far East and
China. The Chinese toxin (form Lanzhou Institute) and the South Korean Toxin
(Meditoxin) have some similarity to Botox with their units closely approximating
that of Botox. Neither of these two toxins are currently approved by FDA for use in
the US (Table 17.1).

Cost-effectiveness

Botulinum toxin therapy is expensive. Depending on the indications, the effect of
botulinum toxin injection into the muscle lasts 3-9 months. The need for repeat
injections to maintain long-term efficacy adds to long-term expense of botulinum
toxin therapy over time. The high cost of botulinum toxin therapy is balanced by its
long-term effect that reduces the need for taking medications daily. Furthermore, it
has been shown that utilization of botulinum toxin therapy for its major indications
(chronic migraine, spasticity, bladder dysfunction) clearly reduces emergency room
visits and the frequency of hospitalizations. For these reasons, investigators began
to assess the cost efficacy of botulinum toxin therapy compared with other modes of
therapy. They also studied the cost-effectiveness of botulinum toxin therapy, com-
paring some of the FDA approved toxins with each other. The cost efficacy studies
have been published for both adult and childhood indications of botulinum toxin
therapy. The results of some of these studies are presented below.

Dr. Visco and his colleagues compared the cost of Botox treatment with standard
oral medications (anticholinergics) in 231 women with bladder dysfunction causing
urgency and incontinence. Botox injection into the bladder wall (see Chap. 10) was
as effective as the use of oral medications. Interestingly, The cost for Botox treat-
ment was lower after 6 months of treatment, averaging $207/month versus $305/
month for oral medications [1]. These findings were supported by a subsequent
British study of 101 patients with bladder problems, in whom the cost savings in
favor of Botox treatment was found to be 617 pounds per patients per year [2].

In his publication of 2006 [3], Dr. Squenazi, a knowledgeable and well published
physician in the fields of neurology and toxicology discusses why intramuscular
botulinum toxin injections, in the long-term, are more cost effective for patients suf-
fering from stroke, spinal cord injury and multiple sclerosis. Such patients are
affected by spasticity, a condition of heightened muscle tone and stiffness (and
sometimes jerkiness of the limbs), that limits their daily activities and impairs their
quality of life. Botulinum toxin injection into the muscle reduces the muscle tone
and improves spasticity. This allows patients to reduce, and in many instances, stop
anti-spasticity medications which in many cases are poorly tolerated, especially by
elderly patients. Furthermore, relief from spasticity reduces associated muscle pain,
and in some patients, prevents falls resulting from poor balance due to stiff and
jerky legs (see Chaps. 7 and 8 on stroke and multiple sclerosis).

In a study of a large cohort of patients from US based hospitals, Dr. Hepp and
coworkers found positive gains in patients with chronic migraine after Botox
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Table 17.1 FDA approved botulinum toxins in the USA

Trade Proprietary name given Year of FDA
name by FDA Manufacturer Medical condition approval
Botox OnabotulinumtoxinA Allergan/Abbvie | Blepharospasm 1989
Irvine, Ca Hemifacial spasm 1989
Strabismus (crossed 1989
eyes) 2000
Cervical dystonia 2004
Armpit sweating 2010

Chronic migraine 2010
Upper limb spasticity | 2011

Bladder (NDO)* 2013
Bladder (OAB)* 2014
Lower limb spasticity | 2017
(adult) 2019
Esthetics(forehead

wrinkles)

Upper limb spasticity

(child)

Xeomin | IncobotulinumtoxinA Merz Pharma Cervical dystonia 2010
Frankfurt, Blepharospasm 2010
Germany Excessive sweating 2010

Esthetics (glabellar 2011
lines) 2015
Upper limb 2018

spasticity(adult)
Excessive drooling

Dysport | AbobotulinumtoxinA Ipsen Cervical dystonia 2009
Pharma-UK Esthetics (glabellar 2009
lines) 2015
Upper limb spasticity | 2016
(adult) 2017
Lower limb spasticity
(child)
Loewr limb spasticity
adult
Jeuveau | Probobotulinum toxinA | Evolus, InC Esthetics (wrinkles) | 2019
Santa Barbara,
CA
Daxxify | Daxibotulinum toxinA Revance; Esthetics 2022
Nashville, TN Cervical dystonia 2023
Myobloc | RimabotulinumtoxinB Solstice Cervical dystonia 2009
Neuroscience Excessive drooling 2010

ANDO neurogenic detrusor over-activity. Detrusser is the main muscle of the bladder wall. OAB
overactive bladder (see Chap. 10)

treatment [4]. The Botox treated group had significantly lower visits to emergency
room at 6, 9 and 12 months; the visits were 21%, 10% and 20% less, respectively.
The figures for reduced hospitalizations over those three time lines were 47%, 48%
and 56%, respectively. In 2020, Dr. Hansson-Headblom and co-workers also found
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that Botox treatment was cost effective for migraine in Sweden and Norway by
reducing headache days, the main driver of indirect cost [5]. In a recent report [6],
Dr. Murry and his coworkers compared the cost of Botox treatment with several
modes of treatment in overactive bladder. Botox was most cost effective compared
to current oral medications (anticholinergics and adrenoreceptor agonist) as well as
electrical stimulation of the spinal cord and sacrum. Finally, in a recently published
article from Spain [7] authors found that combined treatment of Dysport with phys-
iotherapy was less costly that physiotherapy alone in a group of patients with post-
stroke spasticity.

Few studies have compared two or more toxins for cost-effectiveness. Drs
Kazerooni and Broadhead compared cost-effectiveness of Botox, Dysport and
Xeomin in cervical dystonia [8]. Cervical dystonia is a late onset movement disor-
der characterized by posturing and twisting of the neck as well as neck pain. It
responds very well to Botox or other toxin injections into the neck and shoulder
muscles (see Chap. 8 of this book). Kazerooni and Broadhead found Xeomin to be
the most cost effective of the three toxins followed by Dysport. In another study of
a large number of patients with cervical dystonia (Chap. 8) who received several
cycles of injections (into neck and shoulder), treatment with dysport was 37%
cheaper than treatment with Botox [9]. Drs Tilden and Guanierie also found Xeomin
superior to Botox in terms of cost-effectiveness when they studied patients in the
Australian Health System [10].

In children with upper limb spasticity, Dr. Danchench and colleague compared
the cost of treatment with Botox and Dysport in 6 clinical trials [11]. In regard to
cost-effectiveness analysis, Dysport was more economical. “The cost per responder
at | year was estimated to be £39,056 for Dysport vs. £54,831 for Botox™. In another
study comparing Botox injection for bladder over activity (see Chap. 10), Botox
was more cost effective than the new expensive drug oxibutinin used for control of
bladder symptoms [12]. Oxybutinin is also hard to tolerate by the patients over time.
In a Swedish study, Dr. Tedroff and her colleagues treated 159 children with cere-
bral palsy(CP) and spasticity with Botox and Dysport over 18 months. Treatment of
CP children with spasticity turned out to be 41% cheaper with Dysport than Botox
[13]. In another study of patients with facial movement disorders, blepharospasm
and hemifacial spasm (see Chap. 8), authors compared the price of Botox with
Xeomin (another type A toxin similar to Botox). Both toxins were equally effective
for treatment of these conditions but Botox was 33% more costly than Xeomin [14].

Conclusion

Cost issues are important to the patients who receive expensive botulinum toxin
therapy for management of their symptom(s). Patient co-pay programs are available
through manufacturers of botulinum toxins to defray some of patients’ out of pocket
costs. There is evidence from published literature that despite the apparent high
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cost, botulinum toxin therapy is cost effective compared to other modes of therapy
in management of chronic migraine, spasticity associated with stroke, multiple scle-
rosis, spinal cord injury and chronic bladder disorders. A limited published litera-
ture from comparative studies suggests that Botox is the least cost effective
compared to Dysport and Xeomin when used for the same indications.
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Chapter 18
Is Botulinum Toxin Treatment Safe?

Check for
updates

Abstract The issue of safety is often raised with botulinum toxin therapy due to
the lethal potential of these toxins if used improperly. In this chapter, safety issues
regarding recognized indications of botulinum toxin therapy are reviewed and dis-
cussed. These topics include, migraine, spasticity in adults and children, bladder
problems, pain from neuropathy (diabetes, singles), osteoarthritis and movement
disorders as well as the area of aesthetic use.

Keywords Botulinum toxin - Botulinum neurotoxin - Migraine - Spasticity -
Neurogenic bladder - Overactive bladder - Cervical dystonia - Neuropathic pain

Introduction

Botulinum toxins are one of the most potent toxins in nature. Severe toxicity with
these toxins can lead to botulism, a disease that can lead to paralysis of respira-
tory (breathing) muscles. Although in the era of modern medicine with early
diagnosis and advanced respiratory support, most patients ultimately recover
(toxin induced paralysis usually does not last more than 3 months), botulism is a
life- threatening medical emergency. For these reasons, over the past 20 years, a
large volume of literature has been published addressing the safety of botulinum
toxin therapy.

In the previous chapters of this book, I have discussed mainly the utility of botu-
linum toxin therapy in several disease conditions (Chaps. 4-16) with the exception
of Chap. 13 (aesthetics) which has been prepared by Drs. Noland and Dennis and
address the use of botulinum toxin in aesthetics. In the current chapter, the safety
issues of botulinum toxin therapy will be discussed. The format will include a sum-
mary of safety issues in several different medical indications followed by a brief
discussion and conclusion for each condition. The presented data will also include
safety information on vulnerable and special categories of patients such as children
and pregnant women.
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Safety Issues
Migraine

Botox was approved for treatment of chronic migraine by FDA for use in US based
on two large carefully crafted multicenter studies [1, 2]. Subsequent studies have
shown that the effect after repeated injections (every 3—4 months) is sustained and
is associated with improvement of quality of life [3]. The technique of injections
and recommended dose(s) has been described in Chap. 4. To date, millions of peo-
ple worldwide have received Botox injections for treatment of chronic migraine.

Over the past 10 years, several reviews attesting to the safety of botulinum toxin
therapy in migraine have appeared in the literature. In a very recent published review
[4], authors carefully studied the issue of safety in all reported clinical trials that
used Botox for treatment of chronic migraine and then performed a meticulous sta-
tistical analysis (meta-analysis) on the collected data. The conclusion of this review
was that Botox is safe for management of migraine [4]. Side effects are mild and
usually confined to transient pain at the site of injection and minor bleeding. More
serious side effects such as drooping of the eyelids or weakness of the facial muscle
can be avoided by adherence to recommended injection site(s) while avoiding
overdosing.

In a comparison study of Botox with Topiramate, over time, Botox dropout rate
was 8% compared to 68% for Topiramate. Furthermore, one study found that com-
bination of Botox with erenumab, one of the newer drugs for treatment of migraine,
reduced the migraine attacks by 50% or more in 58% of the patient. The findings
suggested that Botox may be more effective in reducing migraine attacks than ere-
numab, a myoclonal antibody widely used drug for treatment of migraine, cur-
rently [5].

The data on botulinum toxin therapy in children (ages 11-18) with migraine is
also promising and indicates no occurrence of serious safety issues if the injections
are carried out by experienced injectors following the recommended site and dose
guidelines [6—8]. The side effects are similar to those in adults and include pain at
the site of injection, minor, transient bleeding and mild transient muscle weakness.

Spasticity

A significant increase in muscle tone encountered after stroke, brain or spinal injury
is a disabling phenomenon that interferes with activities of daily life and impairs
patients’ quality of life. Furthermore, severe spasticity makes physical therapy and
ambulation difficult. One of the major contributions of botulinum toxin therapy to
the field of medicine has been its use in treatment of spasticity (see Chaps. 6 and 7
on Stroke and multiple sclerosis). Botulinum toxin injections into the muscles, by
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inhibiting the release of acetylcholine (muscle stimulator released from nerve end-
ings), is very effective in substantially reducing the muscle tone. Spasticity is now a
major indication for botulinum toxin therapy worldwide. Botulinum toxins (Botox
and other similar toxins) are now approved by FDA for treatment of both adults and
children’s spasticity [9, 10].

Muscles involved in spasticity are much larger than those involved in involuntary
movement of the face, eyelid or neck (other common indications of Botox), and
hence, need hundreds of units to relax. This raises the question that what is the safe
total dose of the toxin that can be injected in one session? Although FDA approval
recommends 500—600 units/session for limb spasticity, recent data from American
and European investigators strongly suggest that in an average size person, Botox
doses of up to 800 units/session are safe and do not cause botulism [11, 12].

In stroke related spasticity, there is another issue of concern. After stroke, many
patients are kept on blood thinners (anticoagulants) in order to prevent occlusion of
blood vessels; as a side effect, these drugs can cause bleeding or prolong the bleed-
ing time. Since local injections of botulinum toxins may cause minor bleeding, the
question arises as to whether toxin injections are safe for patients who are on blood
thinners?

In a study that pooled the data from several investigations, the authors found that
the incidence of bleeding in patients who were on blood thinners and received botu-
linum toxin injections was comparable and statistically not different from those who
were on blood thinners and did not receive botulinum toxin injections (0.9% versus
1.4%) [13]. The authors, therefore, concluded that toxin injections are safe in
patients who are taking blood thinners.

Spasticity in children arises from several different pathological conditions, some
of which are similar to the cause of spasticity in adults such as brain and spinal cord
trauma. A major cause of spasticity in children is cerebral palsy. Cerebral palsy
arises from unfortunate conditions before or at the time of birth that deprive the
brain of oxygen. The affected children are often mentally challenged, and over time,
develop severe spasticity of the limbs confining many of them to the wheelchair. For
the past 10 years, botulinum toxin therapy has been a major mode of treatment for
spasticity in cerebral palsy, reducing its severity and preventing development of
more severe spasticity.

Gromley and co-workers [14] recently published a review on the efficacy and
safety of botulinum toxin treatment in children with cerebral palsy (CP). The data
showed that a total dose of 8 units of Botox /kg body of weight /session is safe. Like
adults with spasticity, side effects of botulinum toxin therapy in children were minor
and there was no clinical evidence of spread of the toxin from the site of injection
to distant regions. In another recent review (2023), Yang and co-workers [15] looked
at the efficacy and safety of botulinum toxin injection in 656 children with CP
involved in 12 clinical trials (two performed on children, younger than 2 years).
Botox injections were found to be safe in children younger than 2 years of age when
appropriate doses were used.
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Movement Disorders

Movement disorders are another major area where botulinum toxin therapy is used
in clinical medicine (see Chap. 8). Spasms of facial muscles such as blepharospasm
(spasm of eyelids), hemifacial spasm (spasm of muscles on one side of the face) and
cervical dystonia (twisting and twitching of neck muscles) are major indications
and received the earliest FDA approval for use of botulinum toxin therapy in the
US. The toxin safety is not usually an issue with blepharospasm and hemifacial
spasm since the applied dose is small. The side effects of botulinum toxin therapy
for these indications such as drooping of the eyelids and weakness of facial muscles
can be usually avoided by careful selection of the sites of injection and by avoiding
overdosing the involved muscles.

Cervical dystonia gradually twists and turns the head to one side and is often
associated with severe neck stiffness and pain. Botulinum toxin injection into the
involved neck muscles is now considered the first line of treatment [16]. Toxin ther-
apy improves neck posture, stiffness, and reduces pain significantly (Chap. 8). Since
neck muscles are larger and more powerful than face and eyelid muscles, patients
with cervical dystonia require larger doses of botulinum toxins. For Botox the dose
range is usually between 150 and 400 units. Most side effects of toxin therapy in CD
are subtle and insignificant. One side effect of concern is difficulty in swallowing
(dysphagia). In the experience of this author, very few patients voluntarily complain
of dysphagia. However, in clinical drug trials, when patients are specifically asked
about it, 10-15% of the patients report transient dysphagia following botulinum
toxin injections (both type A and type B toxin) [17, 18]. Most clinicians experienced
with botulinum toxin injections (including this author) believe that dysphagia can
be avoided by not injecting large units of toxins into anterior neck muscles (espe-
cially sternocleidomastoid—see location in Chap. 8) bilaterally. Long-term studies
on the use of botulinum toxin therapy in cervical dystonia have noted its safety and
sustained efficacy after repeated injections [17-19].

Facial Rejuvenation and Aesthetics

Safety of botulinum toxin injections in facial rejuvenation was reviewed in a recent
publication that evaluated the data from 32 clinical trials including 96,555 patients
[20]. No serious side effects were reported. Reported side effects included mild
transient facial weakness, transient elevation of the lateral part of eyebrow and, in
some cases, transient headaches.
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Osteoarthritis

Osteoarthritis is a common human ailment. According to the World Health
Organization (WHO), in 2015, 18% of women and 9.6% of men, 60 years or older
were affected by osteoarthritis [21]. Several studies have shown that Botulinum
toxin injections into the affected joint can alleviate joint pain and reduce inflamma-
tion (Chap. 12). A recent review of the efficacy and safety of botulinum toxin injec-
tions in knee osteoarthritis (pooled data from 6 clinical trials, 466 patients) [22]
indicated that toxin injections (into the joint) significantly reduced joint pain (both
under and over 4 weeks) as well as improved the scores of WOMAC assessment
(pain, physical activity, joint stiffness). No serious side effects were reported in any
of the assessed studies.

Excessive Drooling (Sialorrhea)

Both botulinum toxin type A (Botox, Dysport and Xeomin) and type B (Myobloc)
effectively reduce drooling when injected through a thin needle into the glands that
produce saliva (parotid, submaxillary) (Chap. 14). A recent review of literature
including 17 studies and 981 patients [23] concluded that both type A and B are
effective in reducing excessive saliva; side effects were uncommon and, when
occurred were mild to moderate in intensity.

Botulinum Toxins Treatment of Neurogenic and Overactive
Bladder (NB and OAB)

Injection of botulinum toxins into the bladder wall can significantly reduce fre-
quency and urgency of urination in patients affected by NB and OAB (Chap. 10).
Botulinum toxin therapy for these indications is approved for use in the US by FDA
and is now widely utilized by urologists. A recent review of world’s literature on 24
clinical trials including 1187 patients concluded that botulinum toxin injections
were effective in reducing the symptoms of OAB, but was considered as third line
of treatment [24]. The main side effect of botulinum toxin injection for alleviation
of symptoms related to OAB and NB found in these studies, was a need for increased
self-catheterization. However, it should be noted that many of the patients affected
by NB and OAB, especially those with advanced multiple sclerosis, do perform
self- catheterization daily.
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Neuropathic Pain

Botulinum toxins (type A and type B) inhibit the function of pain transmitters and,
hence, have been found useful in alleviating neuropathic pain (burning pain associ-
ated with diabetic neuropathy, shingles, trauma to peripheral nerves) (see Chap. 5).
Dr. Hary and co-workers [25], recently published a review of this subject assessing
the efficacy and safety of botulinum toxin injections on neuropathic pain. The
review extracted data from 10 clinical trials including 505 patients. Subcutaneous
(under the skin) injections of botulinum toxins were effective in reducing the NP at
1- and 3-months post-injection. There was no significant difference between pla-
cebo and botulinum toxins as to the adverse effects.

Safety Data in Pregnancy

The issue of safety of botulinum toxin in pregnancy has been a focus of research
since the early days of botulinum toxin therapy 30 years ago. Recently, Brin and
co-workers published a cumulative 29-Year Safety Update on the use of Botox in
pregnant women. Of 397 pregnancies, 13 had major fetal abnormalities amounting
to an incidence of 0.7% [26]. This was comparable and not higher than that reported
in general population. For comparison, Brin and co-workers cited the following data
from published literature for birth anomalies in general population: The Center for
Disease Control (CDC): 3% of US births [27], The Texas Birth Defects Registry-
4.3% of live births [28], Registry data from the United Kingdom- 1.7-2.0% of chil-
dren younger than 1 year [29], and The March of Dimes Foundation—6% of total
births world -wide [30].

None of the pregnant women in these clinical trials delivered a child with fetal
botulism. These data are encouraging and suggests safety of Botox in pregnancy.
The author of this chapter, however, believes that specific safety data are still needed
on pregnant women who have been injected with high doses of Botox during preg-
nancy for conditions such as severe spasticity caused by multiple sclerosis or brain/
spinal cord trauma.
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Chapter 19 )
Botulinum Toxin Therapy-Future
Perspectives

Check for
updates

Abstract New potential applications for botulinum neurotoxin (BoNT) therapy are
constantly emerging through the expanding literature in the field of clinical toxicol-
ogy. In this chapter, we discuss potential indications for botulinum neurotoxin treat-
ment in five major fields of medicine: Psychiatry (depression), cardiology (irregular
heartbeats, atrial fibrillation), cancer related disorders (cancer related pain, preven-
tion of post-surgical and post radiation pain, prevention of esophageal narrowing
after surgery for esophagal cancer, prevention of parotid gland fistula and cyst for-
mation after parotid cancer surgery and alleviating excessive face sweating and
severe jaw pain after first bite following parotid gland surgery). In dermatology,
there is evidence that local botulinum toxin injections can help psoriasis and recal-
citrant itch as well as palm pain and vascular palm problems associated with
Raynaud syndrome. In pain medicine, botulinum toxin injections can help to reduce
teeth grinding and associated pain, jaw pain from temporomandibular disorder, pain
and discomfort of anal fissure.

Keywords Botulinum toxin - Botulinum neurotoxin - Cancer related pain -
Post-surgical pain - Post radiation pain - Neuropathic pain - Atrial fibrillation -
Depression - Raynaud syndrome

Introduction

In the preceding chapters, we have discussed clinical conditions in which high qual-
ity studies have shown the efficacy of botulinum neurotoxins (BoNTSs) in improving
the symptoms of various medical disorders. There are many other important clinical
conditions in which the preliminary results of BoNT therapy are encouraging, but
the proof of efficacy for most of these conditions requires the availability of positive
results from well- designed, and high quality clinical trials. These potential indica-
tions pertain to medical disorders for which current medical management is chal-
lenging and often provides unsatisfactory results. The challenged clinicians,
therefore, would welcome alternative treatment approaches, that in addition to

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2024 293
B. Jabbari, Botulinum Toxin Treatment,
https://doi.org/10.1007/978-3-031-54471-2_19


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-54471-2_19&domain=pdf
https://doi.org/10.1007/978-3-031-54471-2_19

294 19 Botulinum Toxin Therapy-Future Perspectives

efficacy, do not require daily use of oral medications or surgery, while producing
fewer side effects.

The list of potential indications for BONT therapy is long and is growing. For this
chapter, we have selected potential indications in five major fields of medicine:
Psychiatry, cardiology, cancer related disorders and dermatology and pain medi-
cine. Since the first edition of this book which was published 5 years ago, there have
been more publications supporting BoNT therapy for these indications. In psychia-
try, we will address treatment of depression with botulinum neurotoxins and the
possible mechanisms of its effectiveness. In cardiology, there is evidence that care-
ful and titrated injection of botulinum toxins into the surface of the heart (where
heart’s nerves are located) can improve irregular heartbeats caused by atrial fibrilla-
tion. Potential indications in cancer related disorders include treatment of pain after
cancer surgery and/or radiation, prevention of esophageal narrowing (stricture) after
removal of esophageal cancer, prevention of parotid gland fistula and cyst formation
after parotid cancer surgery, as well as excessive face sweating after parotid surgery.
In dermatology botulinum toxin injections into the skin may abort recalcitrant itch,
improve psoriasis and alleviate palm pain and skin changes in Raynaud syndrome.

Psychiatry: Depression

Severe depression, a major depressive disorder (MDD), is a common disease that
affects 5-10% of men and 10-25% of women [1]. Lack of interest and severe
depressive mood of the affected patients often lead to an impaired quality of life and
ultimately to the patients’ functional disability. Medical treatment of depression
includes application of several different categories of medication and is beyond the
scope of this chapter; this information is available in recent extensive reviews [2].
Although antidepressive medications are effective, their side effects (some severe)
limit their use in many patients and it may take 6 weeks before seeing results [2].
Therefore, availability of a mode of treatment that has less side effects, acts faster
and does not require daily consumption of medications is highly desirable for treat-
ment of chronic depression.

Following earlier observations that botulinum toxin injections into the forehead
muscles for cosmetic reasons, significantly improved mood in some patients [3, 4],
researchers began to methodically study the effect of botulinum toxin therapy on
severe depression. Over the past 20 years, 6 high quality studies [5—10] have been
conducted on the subject of botulinum toxin therapy in depression (Table 19.1).
These studies were double—blind and placebo-controlled, i.e. the effect of the
injected toxin into the forehead and, in some cases, with additional injections into
the muscles over the corner of the eyes was compared with injection of placebo (salt
water). Double- blind means that both the injecting physician and the patient were
not aware whether the injected material was Botox or salt water in any of the injec-
tion sessions. In all studies, the glabellar muscles were included in the plan of injec-
tion. Glabella is the forehead region above the nose and between the two eyebrows.
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Table 19.1 High quality, double-blind, placebo- controlled studies reported on safety and efficacy
of Botox and other type A botulinum toxin injections into the glabellar and forehead muscles of
depressed patients

Author and Study | Toxin type, total
date #pts | design | dose Assessment Results
Vollmer et al. |30 | DB, Botox, 26 units Hamilton Significant
[5] PC depression rating | improvement Botox:
scale-21 (HDRS) | 47.1% vs placebo:9.2%
at week 6
Finzi and 74 | DB, Botox, 29-40 units | 50% reduction in | Significant
Rosenthal [6] PC Montgomery- improvement Botox:
Asberg depression | 52% vs placebo: 15%
scale at week 6
Magidetal. |30 |DB, Botox, 29-30 units | Beck depression | Significant
[7] PC scale at week 6 improvement Botox:
55% vs placebo: 5%
Brin et al. [8] | 255 | DB, Botox, 30 units Montgomery- M-A depression scores
PC Asberg (MA) consistently and
depression scale | significantly improved
assessed every in Botox group
3 weeks up to compared to placebo
24 weeks group over 24 weeks
(Fig. 19.2)
Zhangetal. |76 |DB Botulinum toxin A | Hamilton In both groups
[9] from Lanshou- depression (HD) | botulinum toxin and
Comparing China.:100 units, scale and sertraline reduced HD
Botox with Sertarline: Hamilton anxiety |and HA scores
sertraline 50-100 mg (HA) scale-at significantly. Onset of
12 weeks Botox effect was earlier
and Botox injections
had less side effects
Lietal. [10] |88 | DB, Botulinum toxin A | Hamilton Both Hamilton scores
PC from Lanshou depression scale | improved significantly
institute in China: | and Hamilton over 12 weeks
100 anxiety compared to placebo
scale-12 weeks

DB double blind, PC placebo controlled

It covers a single muscle (procerus) located at midline between the two eyebrows
and the two corrugator muscles—one on each side above the most medial part (clos-
est to the nose) of the eyebrows (Fig. 19.1). These muscles are also called frown line
muscles as their contraction leads to frowning and pulls the eyebrows together. As
can be seen in Table 19.1, Botox injection into the forehead muscles (and in some
studies combined with injection at corner of the eyes) significantly improved depres-
sion scores in patients who received Botox. This effect was much less noted in the
placebo-injected patients. The total dose of Botox used in these studies varied from
30 to 100 units. Each injection site received a small dose of 5 units.

The largest of these six double- blind, placebo- controlled studies on efficacy of
botulinum toxins in depression was performed by Brin and coworkers [8]; they
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Fig. 19.1 The function of glabellar muscles: frowning during volition (not shown) and during
anger and sadness. Lower part of the figure shows the effect after Botox treatment. (From
Hennenlotter et al. [4]. Courtesy of Oxford Academic Press)

studied 225 patients. This study was designated as a Phase II clinical trial study (for
definition of clinical trials and phases see Chap. 2). A phase II clinical study aims
mainly to establish the safety of a new drug, but also to some extent investigates the
drug’s efficacy. This study demonstrated that repeated Botox injections into the
forehead area of depressed patients over 24 weeks was safe and devoid of serious
side effects. It also showed that over the period of 24 weeks, at each assessment
point (every 3 weeks) (Fig. 19.2). Botox injection of 30 units (total dose) was supe-
rior to placebo in improving the patients’ depression. A positive Phase II study is a
requirement for proceeding to a phase III study, upon the positive results of which,
FDA usually approves the drug for clinical use in the US. Phase III studies are large
multi-center studies conducted under more stringent regulations.

The positive data from the above mentioned studies (Table 19.1) are supported
by further positive data from literature that have shown botulinum toxin therapy can
also alleviate depression associated with chronic migraine and Parkinson disease
[11, 12]. The theories that how BoNT injection into skin and thin muscles of the
forehead (glabellar region) can relieve depression are presented later in this chapter.

Technical Points

Injections are performed with a small needle (gauge 27.5 orvv30) into thin muscles
of glabellar and low forehead. Injections are quick and all can be completed within
4-5 min. In very sensitive individuals, the skin may be numbed before injections
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Fig. 19.2 On each assessment point after injections (Botox or placebo), Botox improved the
depression scores more than the placebo (green line). (From Brin et al. [8]. Printed with permission
from publisher, Wolters Kluwer)

with a topical anesthetic cream an hour before injection (for example, Emla cream).
In most patients, however, numbing the injection sites is not necessary. Most studies
have used 5-8 injection sites limited to glabellar region(procerus and corrugator
muscles) and lower forehead [5-8] (Fig. 19.3). Some investigators include addi-
tional injection sites, for instance three additional injections at the corner of each
eye [9].

Zhang and co-investigators compared the result of BoNT-A injections (Chinese
toxin with units comparable to Botox) with the oral use of antidepressive drug ser-
traline in 78 patients with depression [9]. The total dose of BONT-A was 100 units
and the total dose of daily sertraline was 50-100 mg/day. BoONT-A was injected into
20 points at the glabellar and low frontal regions as well as both corner of the eyes
(5 units/site). Both modes of treatment improved depression with comparable mag-
nitude. The onset of botulinum toxin effect however was earlier. Also, botulinum
toxin treatment of depressed patient caused less side effects compared to sertraline
therapy (15.4% versus 33%).

Schultze and coworkers [12] performed a meta-analysis of the published data on
the role of botulinum toxins in alleviating depression. Meta-analysis is defined as a
quantitative, formal, epidemiological study design used to systematically assess
previous research studies to derive conclusions about that body of research. The
authors concluded that despite some methodological limitations, botulinum toxin
treatment has shown to be effective for treatment of depression and the road seems
to be paved for its use in the field of psychiatry.

How injection of Botox into low frontal region and glabellar muscles (procerus
and corrugator) leads to improvement of major depression is difficult to explain.
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Fig. 19.3 Recommended
injection sites of Botox d
for treatment of depression
per Finzi and Rosenthal,
2014. The injection
between two eyebrows is
into the procerus muscle
that pulls the skin between
two eyebrows down. The
two infections at the
medial border of eyebrows
are into the corrugator
muscles that bring
eyebrows together. Upper
injections are into frontalis
muscles. (Drawing
courtesy of Dr. Tahere
Safarpour)

One simple explanation is that improvement of frown lines makes the patients hap-
pier and happier patients are less depressed.

Finzi and Rosenthal [6] have proposed that glabellar muscles, as muscles of
facial expression, influence the activity of the brain cells in those areas of the brain
that are involved in emotions such as temporal lobe and part of frontal lobe (prefron-
tal cortex -PFC). Another area of the brain which is involved in emotions is called
amygdala. Amygdala (meaning almond in Greek) is an almond shape structure that
consists of a group of nerve cells located deep in the brain with connections to other
areas of the brain that are concerned with emotions. Functional MRI (fMRI) studies
have shown frowning, following observing an unpleasant picture is associated with
decreased activity in pre-frontal cortex (PFC) and increased activity in amygdala
[13]. Antidepressant medications (drugs used for treatment of depression) like par-
oxetine increase activity of PFC and decrease the activity of amygdala in
fMRI. Studies of the brain activity with fMRI have shown that the same thing hap-
pens with Botox injection into the glabellar muscles which decreases the tone of
glabellar muscles and flattens the frown lines [14] (Fig. 19.2).

Using the criteria of American Academy of Neurology (see Chap. 3 of this book
for definition of AAN criteria, study class and efficacy levels), and based on the cur-
rent published literature that includes one class I [8] and 5 class II [5-7, 9, 10] stud-
ies in this area, the efficacy level of Botox therapy for depression would be “B”, i.e.
probably effective (a definitely effective designation requires two class I studies) .
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So far, most of the reported patients in the high quality studies (Table 19.1) have
been women. There is a need for similar studies in male patients. Furthermore,
Botox and Chinese toxin (another type A toxin) have been the only two botulinum
toxins investigated in high quality studies. It remains to be seen if the same positive
response can be duplicated with the use of other major FDA approved botulinum
type A toxins such as Xeomin, Dysport and Diddify or with the type B toxin,
Myobloc.

Cardiology: Treatment of Atrial Fibrillation (Irregular
Heart Beats)

The human heart is a marvel of function and engineering. It has four chambers; two
small ones called atriums with thin walls, and two large ones called ventricles with
thick walls. The two atriums (atria) are located above the ventricles and each atrium
has an opening into the ventricle below, on the same side. There are valves between
atria and ventricles which control the blood flow through them. The mitral valve is
located on the left and the aortic valve is located on the right side (Fig. 19.4).

Human heart beats approximately 10,000 times/24 h. Its continuous beating is
maintained through the function of a conglomeration of sympathetic and parasym-
pathetic nerve cells called nodes (located in the left atrium) and networks of nerve
cells and fibers called ganglionic plexi (GP) located inside the fat pads on the sur-
face of the heart (epicardium) around the atria. The two nodes sinoatrial and atrio-
ventricular (AV) work as a pacemaker for the heart; electrical impulses generated in
the AV node travel through nerve bundles along the wall of the ventricles exciting
the heart muscles. The electrical activity generated by the AV node contracts the
atria and the ventricles.

In recent years, the importance of GP as an extensive combinations of nerve cells
and fibers has been emphasized with some authors describing it as a “little brain
sitting over the heart” (Fig. 19.5).

Five locations for ganglionic plexi (GP) containing sympathetic and parasympa-
thetic cells and fibers have been identified around left and right atria embedded in
the small fat pads. These overlie the surface of the right atrium, superior surface of
the left atrium, posterior surface of the right atrium, posterior medial surface of the
left atrium and inferiolateral aspects of the posterior left atrium. Abnormal electrical
activity in these sites which are often located close to the pulmonary veins, can
cause a condition called atrial fibrillation.

Atrial fibrillation (AF) affects 2.5% of the general population (9% or higher after
age 75) and is associated with an annual stroke incidence of 5% [16]. About 1 out
of 4 adults develop atrial fibrillation during their life time [17]. With increase in our
aging population, the incidence and prevalence of atrial fibrillation is on the rise
(17.8% after age 85), imposing a growing cost on the health care budget [18].
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Fig. 19.4 Right: chambers of the heart and large blood vessels. Left: coronary arteries that feed
the heart muscle. (Courtesy of Dr. Poonan Sachdev and WebMD editorial contributors)

Atrial fibrillation is characterized by irregular, fast and somewhat chaotic beating
of the upper two chambers (atria) of the heart. Several factors can cause atrial fibril-
lation; most notable among them are high blood pressure, damage to the heart struc-
ture from coronary artery disease (vessels that feed the heart muscle), myocardial
infarction (heart attack), abnormal thyroid function, diabetes, kidney disease and a
congenital heart anomaly. Atrial fibrillation is a frequent complication of Coronary
Artery Bypass Grafting (CABG) surgery that replenishes blood supply to parts of
the heart that lack sufficient blood supply. Experimentally, researchers have pro-
duced atrial fibrillation in animals by electrical stimulation of the vagus nerve which
supplies parasympathetic innervation to the heart (the nerve that slows the heart beat).

The symptoms of AF include shortness of breath, palpitation (rapid heartbeat)
and fatigue. However, AF can be asymptomatic and may suddenly present itself
with a stroke (due to the travel of a small blood clot to the brain). Beta-blocker
medications, calcium channel blocking agents, digoxin and drugs that thin the blood
(anticoagulants) are commonly used in patients with AF for normalization of the
heart rate and prevention of stroke. Currently used medications for control of atrial
fibrillation are effective but often require careful titration. Side effects of these med-
ications are not infrequent including bleeding that can be sometimes serious) as a
side effect of anticoagulants. Severe and recalcitrant cases of AF may respond to
ablation of the AV node by high energy radio frequency pulse. Ablation of the atrio-
ventricular (AV) node helps a large number of patients with AF, but the procedure
requires insertion of a permanent heart pacemaker.
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Fig. 19.5 Ganglionic plexus of the heart with nerve cells innervating the heart located in fat pads
close to large vessels of the heart and diffuse nerve fibers that excites the heart. (From Pauza et al.
[15]. Courtesy of the publisher, Wiley and Sons)

Since injection of botulinum toxins inhibits the activity of acetylecholine (see
previous chapters), the chemical that is the neurotransmitter for parasympathetic
nerve (vagus nerve), researchers began to explore the potential role of botulinum
toxin therapy in atrial fibrillation. It has been shown that injection of botulinum
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toxin A (Botox) into the ganglionic plexus (GP) of dog’s heart can suppress AF
caused by electrical stimulation of the dog’s vagus nerve [19]. Similar results were
found in electrical stimulation induced atrial fibrillation of sheep following injec-
tion of Botox (25 units) units into different surface fat pads (containing GP) of the
sheep’s heart [20].

Pukoshalov and coworkers [21] first investigated the effect of botulinum toxin
injections into the GP of human heart in a double- blind, placebo-controlled study.
Prior to cardiac bypass surgery, 60 surgery candidates were randomized into toxin
and saline groups (30 each). After opening the chest wall (thoracotomy), 50 units of
Xeomin or 1 cc of normal saline (placebo) was injected into each of four pericardial
fat pads containing GP. During the first 30 days after surgery, 2 of 30 patients (7%)
in the botulinum toxin group and 9 of 30 patients (30%) in the placebo group expe-
rienced recurrence of atrial fibrillation (statistically significant difference,
P = 0.024). Over the next 12 months, none of the patients in the Xeomin group
experienced recurrence of AF, while 7 of the 30 (27%) subjects in the placebo group
had recurrences (also statistically significant, P = 0.002). No patient reported any
side effects. Xeomin is a Botulinum toxin type A like Botox, with units comparable
to Botox.

In another study published 4 years later in 2019, a group of investigators assessed
the effect of injection of 50 units of Xeomin into each 4 GPs around the heart of 60
patients with AF and compared the results with placebo injection (saline) at
36 months postinjection [22]. The results showed that while in the saline injected
group, 50% still had AF, in the BoNT injected group only 23.3% still had AF at
36 months post injection. The number of hospitalizations was also reduced in the
toxin injected group compared to saline injected group (2 patients versus 10
patients). In another study, fewer patients with Botox injections (50 units into each
GP) prior to cardiac surgery developed AF after cardiac surgery compared to those
who had received placebo injections (36.5% versus 47.8%), but the difference was
not statistically significant [23]. The latter study, however, also included patients
who underwent valve replacement surgery, whereas the surgery in the first two stud-
ies was coronary artery bypass grafting (CABG). In all three studies, side effects
after BoNT injection were comparable with the side effects in the placebo group
who were injected with saline; all side effects were defined as insignificant. These
studies strongly suggest that for recalcitrant AF caused by CABG surgery, BoNT
injection into GP would be a good alternative to AV node ablation; BoNT injection,
unlike AV node ablation, does not require the patient to be placed on permanent
pacemaker. Nevertheless, there is a need for further well-designed studies to care-
fully investigate the efficacy of preventive value of BoNT injection into heart’s fat
pads in patients undergoing cardiac surgery. These studies should control for poten-
tial confounding factors such as type of surgery, left atrial size, dose and site of
injection of botulinum toxin as well as other relevant factors [24].



Cancer Associated Disorders 303

Cancer Associated Disorders

Cancer-Related Pain

Over the past 25 years, it has been shown that injection of botulinum toxins (A or
B) into muscle or skin can relieve pain. This is due to the fact that Botox and other
toxins deactivate the function of pain transmitters (glutamate, substance P, others)
both in the peripheral nerves and in the central nervous system [25-27]. The pallia-
tive role of BoNTs in a large number of pain disorders [28—32] has been discussed
in detail in Chap. 6 of this book.

Cancer can cause pain through several different mechanisms. The most com-
monly reported and best-studied type of pain associated with cancer is the pain felt
at the site of surgery and radiation in patients with head and neck cancer (throat,
tonsils, etc.). This form of pain can be severe and disabling and may significantly
impair the quality of life as noted in the case described below from the author’s
experience.

Patient Example

A 48- year-old man had bilateral surgery on the neck (neck dissection), followed by
neck radiation and chemotherapy for cancer of the larynx (beginning of the wind
pipe in the throat). Two years later, he developed severe pain in the left side of the
neck and painful spasms of the shoulder muscle (trapezius) close to the neck. The
pain was present almost every day and impaired his quality of life significantly.
Treatment with pain killers including potent agents (opioids and fentanyl), at best,
provided modest relief. He was referred by his physician to the Yale Botulinum
Toxin Clinic for management of his neck pain. Injection of the anterior neck region
on the left, in the areas of scar and keloid formation, and left shoulder muscle with
Botox resulted in marked reduction of pain and improvement of the patient’s quality
of life. The dose for the neck injection was 10-20 units/site (Fig. 19.6, areas marked
by x) and for the shoulder it was 30—40 units/site. Over a follow- up period of 3
years, patient received injections every 4-5 months and, each time, reported satis-
faction. There were no side effects.

During the years 2005-2015, the author of this chapter and his colleagues at Yale
University studied the effect of botulinum toxin therapy in cancer related pain. The
results were published in two small clinical trials, one on 7 and the other on 12
patients [33, 34]. In these studies, the investigators used Botox or Xeomin (another
botulinum toxin type A with units comparable to Botox) to relieve neck pain in
patients with history of surgery and/or radiation for laryngeal, throat or tongue can-
cer. A total of 80—120 units of Botox or Xeomin was injected into painful scars and
indurated keloids and, sometimes additionally, into the adjacent painful muscles of
the neck in order to relieve the chronic pain (Fig. 19.6). The patients’ level of pain
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and quality of life was assessed at baseline, and after injection every 4 weeks for 3
months. In 80% of the patients, local injection of Botox or Xeomin resulted in
marked reduction of local pain. Approximately half of the patients reported signifi-
cant improvement of their quality of life. In recent years, several authors also
reported improvement of cancer associated pain following local botulinum toxin
injections in small series of patients [35—42].

Pain Due to Metastasis by Cancer

Patient Example

A 62- year old female, an intelligent and accomplished writer with history of lung
cancer, experienced severe jaw pain and stiffness of the jaw muscles that gradually
locked her jaw and prevented her from eating solid food. An MRI of the head
showed an enlarged right masseter muscle (the masseter muscle raises the lower jaw
and closes the mouth- Fig. 19.7) presumably due to metastatic cancer.

Pain killers and muscle relaxants offered little help. The jaw gradually locked
and prevented her from eating solid food. She lost 15 pounds of weight over
3 months and suffered from severe depression. Patient also complained of severe
jaw pain that she rated as 8 on a scale of 0-10.
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Fig. 19.7 MRI showing an
enlarged masseter muscle
on the right side of the
image (right masseter) due
to invasion by tumor tissue.
(From Safarpour and
Jabbari 2023. Courtesy of
toxins https://
creativecommons.org/
licenses/by/4.0/)

Under an approved hospital protocol and with patient’s consent, Botox was
injected into the masseter muscles (overlying the jaw), 70 units on the right and
30 units on the left side. Within 3—4 days after Botox injection, the contracted mas-
seter muscles relaxed, and the jaw was unlocked allowing the patient to eat solid
food. She also reported significant reduction of her jaw pain within days following
the Botox injections. The effect of botulinum toxin injections lasted for 2—3 months.
She experienced no side effects following injections into the masseter muscles.
Repeated Botox treatment every 2-3 months had the same effect and made the
patient comfortable during the last 18 months of her life.

Neuropathic Pain Caused by Chemotherapy for Cancer

Immune modifying drugs or drugs that are used for chemotherapy of cancer are
toxic and often cause systemic complications. Peripheral neuropathy is common
among these side effects. This form of damage to the peripheral nerves is painful
and involves mainly the distal part of the limbs with the symptoms presenting most
notably in the feet.

The pain is a neuropathic type of pain characterized by its sharp nature and burn-
ing quality. It can be constant and can disturb sleep. The author of this chapter
observed that injection of Botox into or under the skin at multiple sites with a thin
needle (gauge 30) may relieve pain in patients with this type of neuropathy. Botox
injections themselves are painful in these patients since their skin is sensitive, but
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Fig. 19.8 The sites of
Botox injections in the
patient with cancer and
neuropathic pain caused by
immune modifying drugs.
(From author’s personal
collection)

the subsequent pain relief that lasts for months makes it acceptable to most patients.
Before the injections, the skin can be numbed by Emla cream and, additionally, by
anesthetic spray.

Patient Example

A 64- year-old man complained of severe burning pain involving the top of his feet
(mainly in the front and above the big toes) during treatment with immune modify-
ing agents tacrolimus and cellcept which were prescribed for management of cancer
of the bone morrow. He had been diagnosed with a myeloclastic syndrome (a form
of bone morrow cancer) a year earlier. The pain was described as sharp, burning and
unbearable at night. The most painful areas were above the big toes, on the dorsal
aspect of the feet. Pain killers provided no relief. A week after injection of Botox
into 10-12 sites of each affected foot (Fig. 19.8), the patient reported significant
pain relief that lasted for months. The Botox dose was 1.5-2 units/site.

Botulinum Toxin Injections Help Complications That Follow
Esophageal Cancer Surgery

Removal of esophageal cancer can cause significant narrowing (stricture) of esoph-
agus impairing the passage of food. Wen and coworker [44], in a double- blind,
placebo-controlled study, have shown that injection of Botox into the esophagus
before tumor resection can significantly reduce development of post-surgical stric-
ture (Botox: 6.1% versus placebo 32.4%, statistically significant P = 0.02). Another
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complication after esophageal cancer surgery is development of gastroparesis
(weakness of stomach muscles) which leads to a delay in passage of food from
stomach into the gut for absorption. Investigators have shown that injection of botu-
linum toxins (Botox and others) into pylorus (the circular muscle ring between
stomach and first part of the gut) by relaxing this muscle ring (sphincter) and pro-
mote passage of the food into the gut [45—47].

Botulinum toxin injections are shown to be helpful in preventing or resolving
complication that arise from parotid gland surgery. Parotid glands are located under
the skin at the region of the jaw close to masseter muscles (muscles used for chew-
ing). They secrete saliva. After removal of cancerous parotid glands a fistula or cyst
(sialocele may develop at the site of surgery. Investigators have shown that injection
of botulinum toxins into the parotid glands prevents development of fistula or cyst
in a substantial number of patients [48, 49]. This function is accomplished through
drying the saliva via inhibiting release of acetylcholine, the nerve transmitter that
excites the parotid glands.

Another complication of parotid surgery for cancer is development of unpleasant
and excessive facial sweating while chewing food (gustatory hyperhidrosis). Since
the nerve transmitter for sweat glands is also acetylcholine, injection of Botox with
a small and thin needle over the sweating region (multiple injections) can dry the
skin for several months. The effectiveness of Botox injections for treatment of gus-
tatory hyperhidrosis after parotidectomy has been reported in several publications
[50, 51].

Dermatology

Psoriasis

Psoraias is a chronic skin disease characterized by red plaques (plaque psoriasis)
covered by silvery scales that can affect any part of the body (skin, nail, scalp).
Psoriasis is an autoimmune disease causing skin lesions through inflammation. It
affects 3% of the adult US population and 0.1% of US children [52]. Intense itch
associated with psoriatic skin lesions impairs the patients’ quality of life. Most
affected patients have plaque psoriasis (raised plaques as described above); addi-
tionally, approximately 30% have inverse psoriasis where the lesions are in body
folds (axilla, groin, genitals) and usually have no scales. As psoriasis is a systemic
inflammatory disease; patients with severe psoriasis are prone to develop cardiovas-
cular complications and diabetes.

Treatment of psoriasis is aimed at alleviation of patients’ symptoms and healing
the lesions as well as controlling the basic immunological problem in order to pre-
vent development of new lesions and spread of the disease. The first line of treat-
ment is using phototherapy (exposure to ultraviolet light) and application of topical
creams such as those containing steroids to heal skin lesions. Careful removal of the



308 19 Botulinum Toxin Therapy-Future Perspectives

scales also promotes healing. In case of severe psoriasis involving large parts of the
body, use of drugs that strengthen immunity and reduce inflammation are recom-
mended. In the past 10 years, several of these drugs have been approved by FDA for
use in the US. For example, Skyrizi (Risankizumab) selectively binds to the inflam-
matory agent interleukin 23 and prevents its action. These drugs are not however,
free of serious side effects and should be used under supervision of specialized
physicians. Since the treatment of milder forms of plaque or inverse psoriasis by
phototherapy and steroid creams is not always successful, a search for new modes
of therapy continues in the field of dermatology.

Botulinum Toxin Treatment

After noting that local injection of botulinum toxins decreases local inflammation in
animal models [53], investigators began to explore the effectiveness of local injec-
tions of botulinum toxins in improvement of psoriatic skin lesions. In 2008, Zanchi
and co-workers [54] treated 15 patients with plaque or inverse psoriasis (psoriasis
affecting folded areas like axilla) with botulinum toxin injections. Botox,
50-100 units, was injected into multiple areas of the lesions. After 12 weeks, all
patients reported improvement of itch (using VAS score) and. in 87% of the patients’
skin lesions (redness and induration) improved. This observation was seconded by
several others over publications in the past 15 years (Table 19.2).

The mostly positive data from these studies are supported by several case reports
graphically demonstrating the healing of psoriasis lesions after Botox injection
(Fig. 19.9).

The negative conclusion of Todberg’s study (Table 19.2) is at odds with the rest
of the reports in the above table that have found botulinum toxin injections useful in
treatment of psoriasis. However, the toxin dose in the Todberg study (using Dysport)
was much smaller than the dose used in the above described Botox studies (each
Botox unit is equal to 2.5-3 Dysport units). Since success in botulinum toxin ther-
apy is highly dependent on the applied dose, the conclusion expressed in the
Todberg’s study has to be considered with caution.

Recalcitrant Itch

Itch is a common human complaint, experienced often by patients affected by dif-
ferent skin disorders. Recalcitrant itch is a major physical and psychological nui-
sance and impairs patients’ quality of life. Certain chemicals seem to be involved in
sustenance of itch such as histamine and calicitonin gene related peptide (CGRP).
The latter is a well-known pain transmitter which is inhibited by botulinum toxin
injection. Sensation of itch is believed to be transmitted to the brain through the very
same thin sensory nerve fibers (C fibers) that convey neuropathic pain (sharp,
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Table 19.2 Reports of botulinum toxin efficacy in treatment of psoriasis

#pts., Type of toxin | Assessment
Author and | Study | Type of and total dose | methods, clinical
date type psoriasis | (units) features Results
Zanchi 15, OL | Plaque Botox, VAS for itch, At 12 weeks, itch
et al. [54] and 50-100 redness; color improved in 87%;
inverse assessed by redness and duration
observation improved in all patients
Saberet al. | 1, OL Inverse, Botox, 100 Redness and color | At 4 weeks, extensive
[55] affecting assessed by skin lesions were
axilla observation reduced to small areas of
pale redness
Gilbert 1 Inverse, Dysport, 30 Redness, Improvement noted at
et al. [56] single induration 3 weeks. Total healing
plaque over succeeding weeks
Todberg 8, Plaque Dysport, 36 Clinical No patient showed
etal. [57] |Db-PC | psoriasis assessment of improvement of lesions
redness and
induration
Botsali 2,0L | Nail Dysport, 30 Nail improvement | Significant improvement
et al. [58] psoriasis and clearing 4 months post-injection
Gonzalez |8,0L |Plaque Dysport, 50 Redness, Significant improvement
et al. [59] psoriasis infiltration of redness and
infiltration, 2 patients
reported significant
improvement in itch
Khattab 35, Plaque Refinex Redness, 85% of the patients
and Samir | NSP psoriasis | (Chinese induration TSI showed improvement of
[60] toxin) 100 TSI with improvement
of redness and
induration

TSI psoriasis severity index, OL open label, Db-PC double blind, placebo controlled, NS blinding
not specified (toxin injection was compared with fluoroucil injection)

burning) [61]. Treatment of recalcitrant itch includes use of drugs that inhibit the
function of histamine (antihistaminic drugs), as well as drugs that are used for treat-
ment of neuropathic pain such as gabapentin. Unfortunately, in many patients results
do not meet patients’ satisfaction.

Animal studies and studies on human volunteers have shown that local injection
of botulinum toxin can inhibit the function of CGRP and histamine [62, 63]. These
observations encouraged researchers to look at the effect of botulinum toxin injec-
tions into recalcitrant itchy skin lesions. They found that intense itch associated
with different skin lesions improves with injection of botulinum toxin into the
affected area (Table 19.3).

The data in the Table 19.3 show that although high quality studies are not yet
available for this indication, botulinum toxin injection has a significant potential to
suppress recalcitrant itch caused by different disorders.
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Fig. 19.9 (a) Psoriasis of the elbow and extensor surface of the forearm a month before Botulinum
toxin injection (b) significant improvement of psoriatic lesion following injection of 1000 units of
Dysport (approximately 300-350 units of Botox) for treatment of elbow spasticity (see Chaps. 6
and 7 for spasticity treatment in stroke and multiple sclerosis with botulinum toxins). (Courtesy of
Dr. Popescu and colleagues 2022. Reproduced under Creative Commons Attribution (CC BY)
license (https://creativecommons.org/licenses/by/4.0/))

Raynaud’s Syndrome (RS)

Described by Maurice Raynaud in 1862 (part of his thesis), this is a disabling clini-
cal condition characterized by poor circulation of the digits causing significant skin
changes (blue or red discoloration) and pain in the hand and fingers. The condition
worsens after exposure to cold and emotional stress [73]. In severe cases, poor cir-
culation may cause intolerable pain associated with gangrene of the fingers.
Raynaud’s syndrome (RS) is classified into primary and secondary types [74]. In
primary RS, the cause is unknown. Secondary RS is usually associated with dis-
eases caused by failure of immune system such as scleroderma and cancer. Excessive
smoking and excessive use of certain drugs (especially anti-cancer drugs) are also
major contributing factors. Several modes of treatment have been tried in RS with
limited success. Among drugs, gabapentin and serotonin uptake inhibitors offer
analgesic effect. Laser therapy and acupuncture are also partially effective.

The reason for considering botulinum toxin therapy for alleviating the symptoms
of RS is based on two premises: (1) vascular tone in the fingers is maintained by the
sympathetic nervous system using acetylecholine as nerve transmitter. Botox and
similar toxins are known to inhibit the release of acetylcholine from nerve endings
(see Chap. 2 of this book). (2) Botulinum toxin injections into muscle and skin can
alleviate pain due to inhibition of known pain transmitters [75]. The data from clini-
cal trials and on this subject are presented in Table 19.4. Single case reports are not
included in this table.


https://doi.org/10.1007/978-3-031-54471-2_6
https://doi.org/10.1007/978-3-031-54471-2_7
https://creativecommons.org/licenses/by/4.0/
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Table 19.3 Reports of itch responding to local injection of botulinum toxins into the affected region

Toxin type
Author and |# | Associated Itch and total Method of
date pts. | disease location | dose in units | assessment | Results
Heckmann |4 | Lichen simplex, Two Dysport, VAS for Itch subsided in
et al. [64] 5 skin lesions spots, 20-80 itch 0-10 3—7 days. Skin
lower scale lesions cleared in
limbs 2-4 weeks
Zanchi 15 | Psoriasis Different | Botox, VAS for Itch improved in
et al. [54] places: 50-100 itch 0-10 87% of the
Armpits, scale patients
groin,
Salardini 1 | Post-surgical Right Botox, 15 Patient “Marked reduction
et al. [65] scar frontal report of itch in a few
region days”
Kavanagh |1 | Notalgia Posterior | Botox, 100, | Patient Marked reduction
and paresthetica® aspect of report of itch for months
Tidman the arms reproduced with
[66] repeat injections
Akhter and | 9 Burns Different | Botox, dose | VAS for Itch intensity of
Brooks parts of | not specified | itch 0-10 8-10 dropped to
[67] the body scale 0—4. Most patients
to 0
Gonzalez |8 | Psoriasis Not Dysport, 50 | Patient Significant
etal. [59] specified report improvement of
itch in two
patients
Dattaetal. |1 |Notalgia Not Botox dose | Not Marked reduction
[68] paresthetica specified | not specified | specified of itch
Gharib 32 | Burn scar, Different | Botox, VAS for Statistically
et al. [69] shingles, parts of | 50-100 itch 0-10 significant
psoriasis,other | body scale decrease in
skin lesions intensity in all
patients
Klager 1 | Fox-Fordyce® Right Botox, 50 VAS for Initial itch:10 Itch
et al. [70] disease armpit itch, 0-10 | level dropped to 3
scale after Botox
injection
Alametal. |9 | Post-surgical Face Type E VAS for Atdays 2 and 8
[71] scar region cancer toxin, 2.5 itch 0-10 post- surgery no
nanogram scale, scar | patient in toxin
scale group had itch
compared to 75%
and 50% in the
placebo group
Mineroff |1 | Shingles Left upper | Botox, 50 Patient Marked reduction
et al. [72] neck report of itch for 3
months

VAS visual analogue scale
“Notalgiaparesthetica: chronic itch over the lower part of shoulder blade more common in

elderly female

"Fox-Fordyse disease: a medical condition characterized by pathological changes in the sweat
glands and chronic itch
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A review and meta-analysis of data published in 2023 concluded that the reported
data in the literature (Table 19.4) support the efficacy of botulinum toxin treatment
to reduce the symptoms of RS [89]. However, this conclusion was challenged by a
very recent double-blind, placebo-controlled study that did not find any difference
between placebo and Botox in improving the symptoms of RS [90]. Yin and co-
workers [91] stated that the negative results of that study [90] could be due to sev-
eral factors such as longer duration of the disease in the Botox group, poor training
of patients to report RP episodes, ignoring skin color changes and not reporting
ethnicity of the patients which could influence the results. More high quality studies
are necessary to support or refute the effectiveness of botulinum toxin treatment in
Raynuad’s syndrome.

Teeth Grinding (Bruxism)

Teeth grinding is a common medical problem that can affect children and adults and
may present during wakefulness or sleep. It affects up to 31% of adults [92]. Severe
teeth grinding can destroy teeth, cause jaw pain and headaches. Teeth grinding dur-
ing sleep interrupts sleep of both patient and the bed partner. Medications like clon-
azepam (clonopin) provide modest relief, but may cause significant daytime
sedation. Several high quality studies (double- blind and placebo- controlled),
though small in number, have demonstrated that injection of Botox into the tempo-
ralis and masseter muscles (Fig. 19.10) can improve teeth grinding. These two mus-
cles close the jaw.

A placebo-controlled study published in 2018 assessed 23 patients with teeth
grinding during sleep and compared the outcome in 13 patients assigned randomly
to Botox with 10 patients assigned to the placebo group (blinded study) [93]. Botox
was injected into temporalis muscles (40 units on each side) and masseter muscles
(60 units on each side). Authors concluded that injection of Botox into those mus-
cles safely improves teeth grinding during sleep with no significant side effects.
Two patients reported transient cosmetic change in their smile.

Two more recent blinded and placebo-controlled studies [94, 95], one investigat-
ing a larger number of patients [93] with bruxism compared the effect of Botox
treatment with placebo. These studies provided results similar to the two above-
mentioned studies and came to a similar conclusion. One of the two [95] found that
injecting even small units of Botox into the masseter muscle only (10 units) can
improve pain and discomfort associated with night time teeth grinding. These
encouraging data indicate that Botox injections into muscles of mastication can
improve teeth grinding during sleep and wakefulness without causing major or per-
sistent side effects.
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Table 19.4 Botulinum toxin effect on the symptoms of Raynaud’s Syndrome

Toxin type and

Author and total dose in Method(s) of
date Type of study | #pts | units assessment Results
Uppal et al. Pros 20 | Botox, 100 Pain (VAS), skin | Reduction pain, color
[76] color change, and disability in 85%,
disability (dash | 75%, and 85% of the
score) patients, respectively
Fregene et al. | Retro 26 | Botox, Pain (VAS), Pain, digital oxygen
[77] average 77 digit oxygen, saturation and finger
healing finger ulcers improved in
ulcers 75%, 57% and 48% of
the patients,
respectively
Neumeister Retro 33 | Botox 40/hand; | Pain(VAS), Reduction of pain:
etal. [78] 4 injections healing of ulcers | 86%; healing of
ulcers: All patients
Goldbeg et al. | Retro 20 | Botox, 10-20/ | Pain(VAS), Pain: In 86% of pts.;
[79] finger disability (dash | dash score for
score), disability: Reduced
over 14 points at
6 weeks; clinical
success in 84% of pts
Shanavandeh | Pros 26 | Botox, 20 Healing of ulcer, | Healing of ulcers:
et al. [80] injected at the | pain(VAS), local | 95%; pain: Improved

base of each
involved finger

small bleeds

in all; reduced number
of small bleeds

Medina et al. | Retro, 3 years | 15 | Botox, 4-8 Pain (VAS). At week 8 post
[81] follow up injected into Weekly episodes | injection: Pain and RP
the base and of RP, finger episodes markedly
lateral aspect ulcers reduced, ulcers healed
of all fingers in 5 of 7 patients
Motegi et al. | Pros, blinded, |45 | Myobloc 3 Number of At week 4 after
[82] dose groups, 250, ulcers, skin injection: All
comparison 1000 and 2000 | temperature, RP | outcomes significantly
score and pain | improved in 1000 and
(VAS.) 2000 dose groups
Bello et al. DB-PC, all 40 | Botox, 5-10 Blood flow to No significant
[83] had into 7 hand the hands, VAS | difference between
scleroderma areas for pain, RP groups. At 4 weeks
episodes VAS score was lower
in Botox group
Quintana- Pros 8 Botox. 36/ Pain (VAS), RP | At4 weeks post-
castanedo hand, base of | episodes injection: 6 patients
et al. [84] all fingers, 7 had no pain;6 had
injections significant reduction
of RP episodes
Dhaliwal et al. | Pros 40 | Botox, 100 Pain(VAS), hand | All parameters
[85] swelling, change | markedly improved in

in color

48% of the patients

(continued)
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Toxin type and

Author and total dose in Method(s) of
date Type of study | #pts | units assessment Results
Duetal. [86] | Pros, 32 | Botox 10 vs no | Pain(VAS), RP | VAS: No
Botox, injected | episodes, improvement; RP
into 2+3rd and | microscopic episodes significantly
3rd and 4th parameters lessened, microscopic
fingers parameters improved
Seyed- Pors 11 | Botulinum Raynaud score, | All significantly
mardani et al. toxin A 50/ skin color, improved at two
[87] hand pain(VAS) months
Motegi et al. | Pros 10 | Botox, 10/hand | Pain: Measured | Both pain and RP
[88] by VAS, RP frequency/intensity
frequency and | improved after Botox
intensity injection

DB-PC double blind placebo controlled, Pros prospective, Retro retrospective, VAS visual ana-
logue scale for pain (0-10), RP Raynaud phenomenon episodes, Myobloc is a type B toxin (Botox

is type A)

Temporomandibular
joint (TMJ)

Temporalis
muscle

muscle (cut) ™

™J
capsule

Masseter
muscle

Fig. 19.10 Temporalis and masseter muscles. (Printed with permission from Mayo Foundation)

Rectal Pain Associated with Hemorrhoidectomy

Local muscle pain along the line of excision, after hemorrhoidectomy, is a common
complaint. In some patients, the pain can be severe and disabling and may persist
for months despite use of potent analgesics. Over the past 20 years, researchers have
explored the effectiveness of botulinum toxin injections into the anal sphincter (the
circular muscle that opens and closes the anus) before, during and after hemorrhoid-
ectomy in order to prevent post-hemorrhoidectomy pain.



Conclusion 315

Davies and coworkers conducted a careful, double- blind (both physician and
patient blinded to the type of injection) study of 50 patients who had undergone
hemorrhoidectomy [96]. Injection of 20 units of Botox into the anal sphincter prior
to removal of the hemorrhoids, markedly reduced postsurgical painful spasms of the
anal sphincter, an effect which was statistically significant compared to placebo
(saline) injection. The peak pain relief was at the sixth or seventh day after surgery.
In another high quality study (blinded and compared with placebo), Dr. Alavandipour
and her colleagues [97] have shown that injection of Botox during surgery into the
anal sphincter significantly reduced pain after surgery compared to placebo injec-
tion as assessed at 12 and 48 h, as well as 7 and 14 days after operation. In addition,
in the Botox injected group, the post-operative wound healed much faster than the
group that had placebo (salt water) injection. Two other high quality investigations
published in 2020 and 2022 [98, 99] also found similar results by injecting Botox
shortly after surgery. A comparative study of Botox with local application of glyc-
erine nitrate found botulinum toxin injections more effective than glycerine nitrate
for relief of post-surgical pain [100].

The Role of Botulinum Toxin Injections in Complex Midline
Abdominal Hernia Repair

The abdominal wall muscles consist of two major components: the front muscles
of abdominal wall engulfing the belly button (called rectus abdominalis) and
oblique lateral muscles. The existing tone in lateral abdominal oblique muscles
tends to pull the anterior wall muscles laterally and to the side. This causes a prob-
lem after the repair of a large midline abdominal hernia since the pulling power of
lateral oblique muscles delays healing after hernia repair surgery. Several studies
have shown that relaxing lateral abdominal oblique muscles by Botox injections
prior to surgery can expedite healing of the abdominal wall after hernia repair
surgery [101-103].

Conclusion

Emerging literature shows potential new indications for botulinum toxin therapy in
several medical conditions: depression, atrial fibrillation, cancer related pain, post-
surgical pain (hemorrhoidectomy, hernia repair), teeth grinding (bruxism), psoria-
sis, recalcitrant itch, jaw pain in temporomandibular disorder and in Raynaud’s
syndrome.
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