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1

Introduction

Michael P. Barnes1 and Anthony B. Ward2

1Walkergate Park, International Centre for Neurorehabilitation and Neuropsychiatry, Newcastle upon Tyne, UK
2North Staffordshire Rehabilitation Centre, Stoke-on-Trent, UK

1.1 Introduction

This book has been written to highlight the remarkable progress in the application

of botulinum toxin in medical practice. It is used across many specialties and has

an increasing indication across a whole spectrum of diseases. As a result, its

commercial sales have grown exponentially and its use in cosmesis has made

‘BOTOX�’ a household name. This is extraordinary after such a short time in this

field and some other products have even gone so far as to add an ‘-ox’ on the

end of their brand name to attempt to capture some of the kudos (and market) of

botulinum toxin. This is of course very different from when the drug was first

marketed and when it was regarded as a highly dangerous product. The indications

for botulinum toxin treatment are listed in Chapter 5. In many, there is still little

or no evidence that it works, but in others, there is good evidence of its therapeutic

benefit.

1.1.1 History of BoNT

Botulinum toxin was first identified as a poison in the nineteenth century.

The toxin is a protein, which is produced by the Gram negative Clostridium

botulinum bacterium. It is found in a variety of foods, but is most common inmeat

products. The name botulus means sausage and hence its terminology from its

appearance in meat products. The features of botulism have been known since

around the time of Christ and it was certainly described in the Middle Ages.

However, it was not until 1817 that the German physician Justinus Kerner wrote

on the role of an infective agent in food-borne poisoning1. He then published

a monograph on poisoning in 1820 in which he described the features, made many

original observations and commented on the possible causation, diagnosis and

treatment2. He concluded that a toxin produced by an infective agent was respon-

sible for the features of paralysis of skeletal and smooth muscles. He published
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a second monograph in 1822, in which he laid out his hypotheses on BoNT and

described clinical evaluation of the problem through case histories of his patients

and through post-mortem examination of patients with botulism3. He even

ventured to infect himself and noted that while motor signals were always

involved, sensation was always preserved. Most remarkably, he proposed that this

toxin could be turned into a therapeutic agent for the control of chorea and other

neurological diseases. It was left to the German physician, Muller, to coin the

description, botulism, to connect the infection tomeat products and, in particular,

the sausage.

Pierre van Ermengem was Professor of Microbiology at the University of

Ghent, Belgium, when he was asked to investigate an outbreak of botulism in

the nearby village of Ellezelles. The illness appeared to follow a funeral ceremony

and he was able to isolate the anaerobic bacterium Bacillus botulinus from

the food and from the victims4. This was not the end of the story since there

had been several outbreaks which confirmed the incriminating cause. Van

Ermengem himself experimented on small animals and observed the typical

features when they were fed with infected meat products. The isolated bacteria

were the same anaerobic bacilli as before. Fortunately, efforts to control

infection have been successful through better public health and meat hygiene

standards. The bacterium was renamed in the twentieth century to Clostridium

botulinum.

The potential for using the toxin in the military arena was also quickly realized

and the USA led the way. The laboratory at the military camp, Fort Detrick, was

used as a place to judge the effects of the toxin and much of our early knowledge

of the agent comes from the studies carried out there. This followed work from

Dr Hermann Sommer in the 1920s, which paved the way for identifying the toxin

subtypes. He attempted to purify BoNT type A. Immunization against infection

for workers at Fort Detrick was the first attempt to control the toxin. A toxoid

was used as a vaccine.

1.1.2 History of BoNT as a therapeutic agent

The story starts in 1946 when Dr Carl Lammanna first crystallized BoNT type A.

He described the toxin’s components, but did not identify them as heavy and light

chains. Fort Detrick produced purified toxin for other research groups, from

which came a great deal of knowledge on the agent’s structure, action and

characteristics5. From this basic knowledge, came the crucial result of a British

study group that botulinum toxin blocked the release of acetylcholine from syn-

aptic vesicles at neuromuscular junctions6. It was thereafter a short step to deduce

that the toxin may be able to block these junctions therapeutically in overactive

muscles. The role of acetylcholine was described in neuromuscular control
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and in its responsibility for trophic activity in muscles7. Acetylcholine blockade

by botulinum toxin resulted in muscle atrophy by paralysing the muscle8.

Ophthalmological experiments started in the early 1970s, when Dr Alan Scott,

an American ophthalmologist, experimented with several drugs in trying to find

a suitable alternative to surgery for childhood strabismus. Botulinum toxin had

immediate advantages through its relatively long action and he documented its

promising role in 19739. He also looked at other toxins during this period, but

felt that BoNT had promise. Clinical studies in humans did not take place until

1977 when he injected a patient with strabismus. In his trial of 1982, he and his

colleagues were able to observe that it was well tolerated and reversible and was

also effective in nystagmus, blepharospasm, hemifacial spasm and even spasticity.

Its activity will be described in Chapter 2 where reference will be made to early

clinical studies10,11.

The commercial preparations have received individual attention for registration

purposes, as their characteristics are not identical. Both BOTOX� and Dysport�

are licensed for the treatment of blepharospasm, hemifacial spasm and cervical

dystonia and for the treatment of spastic lower leg problems in children with

cerebral palsy over the age of two years. BOTOX� is now also licensed for

upper limb post-stroke spasticity. Botulinum toxin type B (Myobloc (USA) or

Neurobloc) entered the commercial arena in the late 1990s and received a licence

for cervical dystonia in 2001 in the USA and many European countries. Recently,

Merz, a German company, has released Xeomin which is a type A botulinum toxin

free of complexing proteins (see Chapter 5).

Thereafter, its history has been well documented and has started to be used in

patients with facial tics, blepharospasm, cervical dystonia and hemifacial spasm,

and now many other indications � the subject of this book.

1.2 Why write this book?

Since this first usage there has been a steady increase in the number of clinical

indications. There are now in excess of 100 reported uses of botulinum toxin in the

world literature. Whilst many of these uses are still in the form of individual case

reports and open studies there are nevertheless a significant number of indications

that now have a robust and sound evidence base. Despite the dramatic increase

in world literature on the clinical use of botulinum toxin there are surprisingly

few textbooks that have tried to amalgamate the evidence into a single practical

textbook � hence this volume.

We have several aims in writing this book. First we wanted leading clinicians

in their field to write clear, practical chapters on their particular area of expertise.
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The aim is for each author to provide a résumé and critique of the evidence base

for the use of botulinum toxin in that particular clinical context. We have also

asked each author to place the use of botulinum toxin in the context of other

available treatment possibilities. In many conditions, such as spasticity, botulinum

toxin is not a treatment in isolation but is simply part of the overall package of

care for the individual patient. We also wanted each chapter to be clear and

readable and offer a straightforward practical guide in the use of botulinum toxin.

However, each chapter should not give the impression that there is a standard

protocol for each individual use of botulinum toxin. This is certainly not the case.

Each chapter should give a balanced review of the literature so that the individual

clinicians can determine whether botulinum toxin is suitable and, if so, gain some

idea of not only the usefulness of the technique but also the practicalities of

the injection for each indication. Each patient is very different and thus each will

need a personalized approach to the use of botulinum toxin for their particular

problem.

1.3 Outline of the book

We have divided this book into two sections. The story of the clinical development

of botulinum toxin is fascinating. This class of neurotoxin offers great future

potential for the development of other therapeutic products. We feel that

clinicians should have at least a basic understanding of the underlying chemistry

and mode of action of the product, so one of the world’s leading figures in the

development of botulinum toxin � Professor Oliver Dolly � was asked to

introduce the neurochemistry and mode of action of the toxin in Chapter 2.

The commercial development of botulinum toxin is one of the success stories of

recent years in terms of basic science being translated into practical clinical use in

a relatively short period of time. Much of the early commercial development of

botulinum toxin was at the Centre for Applied Microbiology and Research

(CAMR) at Porton Down in the UK. CAMR developed a stable freeze-dried type A

toxin formulation initially supplied to Moorfield’s Eye Hospital in London.

However, as the use of the toxin grew rapidly, CAMR developed the product

commercially with Porton Products (now Ipsen Ltd) which eventually led to the

approval by the Medicines Control Agency for licensed usage of strabismus,

blepharospasm and hemifacial spasm in 1990. The product was also being

developed commercially at the same time in the USA by Oculinum Inc. which was

acquired in 1998 by Allergan. Ipsen now market the formulation, now called

Dysport and Allergan market the formulation called BOTOX�. The story of the

commercial development is outlined by Peter Hambleton, Andrew Pickett and
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Clifford Shone in Chapter 3. This chapter also discusses the therapeutic potential

of the botulinum neurotoxins as efficient neuronal delivery vectors as well as

development of the neurotoxins as therapeutic analgesic agents.

The second section of the textbook brings together the evidence of the clinical

efficacy of botulinum toxin for different indications. However, the principles of

injection are generally similar and the practical issues of injection techniques

are given by Tony Ward in Chapter 5. This chapter also outlines the side-effect

profile as well as the practical differences between the different botulinum

serotypes. The latter is a particularly important point as BOTOX� units are not

the same as Dysport units. It is essential that clinicians understand that the

two products do not have the same unit base. The situation is further complicated

by the emergence of botulinum serotype B (Myobloc or Neurobloc �
manufactured by Elan) and more recently Xeomin (manufactured by Merz)

which is type A toxin free of complexing proteins. Clinicians new to the use of

botulinum toxin should read this chapter prior to subsequent chapters on

individual indications.

Although strabismus was the first clinical usage of botulinum toxin in man

the product largely developed as a treatment of first choice for dystonia. Khalid

Anwar maps the development of botulinum toxin for the management

of cervical dystonia and discusses the various approaches to treatment of this

disabling condition. Use of botulinum toxin for the management of focal dys-

tonia has dramatically changed the lives of people with this condition. Prior to the

advent of botulinum toxin there was very little that could be effectively done

to manage dystonia but with success rates in excess of 90 per cent the condition

can now usually be controlled and many individuals can go on to lead normal

lives.

Although cervical dystonia is the commonest form of focal dystonia there are

other rarer, but equally disabling types. Maurice Hawthorne and Khalid Anwar

write about oromandibular and other laryngeal dystonias and dysphonias and

they provide a good summary of the techniques behind these rare but important

conditions (Chapter 7).

Although the management of dystonia has been revolutionized by botulinum

toxin it is probably the use of botulinum toxin for the management of spasticity

that has had most influence. There is a now a robust evidence base confirming the

efficacy and safety of botulinum in the management of focal spasticity following

stroke, traumatic brain injury, multiple sclerosis, cerebral palsy and a variety

of other spastic conditions� in both adults and children. Tony Ward (Chapter 8)

reviews the evidence and offers practical suggestions for the usage of botulinum

toxin for these common problems. The chapter emphasizes that although botu-

linum has made a big impact it is not a treatment in its own right and needs to be
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combined with a range of other antispastic measures such as appropriate seating,

physiotherapy, orthosis and the judicious use of oral medication. Botulinum toxin

is an invaluable addition to our therapeutic armoury in the overall management

of spasticity.

Although botulinum is mainly known for its muscle relaxation properties it also

has profound and useful effects on the autonomic nervous system. It can have

an extraordinary effect on hyperhidrosis (Chapter 9) as well as hypersalivation

(Chapter 10). Such conditions can be extremely socially embarrassing and there

are regrettably few practical alternative treatments. For example, many children

with cerebral palsy have been socially isolated by constant dribbling. This is equally

a source of embarrassment and isolation in the adult population with, for example,

Parkinson’s disease or motor neuron disease. Individuals with excessive sweating

can also suffer major embarrassment and social and economic isolation as a result

of their condition. Botulinum toxin can produce exceptional results for such

people.

Botulinum toxin is also an analgesic agent and indeed Chapter 3 highlights the

potential role of botulinum toxin in the management of chronic pain. The current

usage in headaches (Chapter 11) and back and neck pain (Chapter 12) are

discussed by David Dodick and Áine Carroll. The evidence of existing serotypes

of botulinum toxin as an effective analgesic agent is not yet strong but nevertheless

a number of good quality studies confirming the analgesic efficacy are now

emerging. Botulinum is not likely to be a panacea for chronic pain but will

clearly have a place, particularly for the various pain syndromes characterized by

muscle spasm. Hopefully we will hear more in the future as botulinum toxin

is further developed as an inhibitor of neurotransmission from pain conducting

neurons.

One of the pioneers of the clinical use of botulinum toxin was John Elston when

he was working in the early days of development at Moorfields Eye Hospital.

He has written a wonderful chapter on the more established as well as the newer

indications in clinical ophthalmology. Whilst botulinum still has a role to play

in the management of strabismus it also has an important and thus a key role in

the management of blepharospasm, hemifacial spasm and apraxia of eye opening

as well as rarer indications such as post-facial palsy problems and the therapeutic

induction of ptosis.

A fascinating and newer development has been the use of botulinum toxin

for the management of bladder and bowel difficulties. This particularly includes

the management of detrusor overactivity and the management of anal fissure.

The practicalities and the place of botulinum in the management of these

and other bladder and bowel problems are outlined in Chapter 14 by Giuseppe

Brisinda.
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Botulinum toxin continually features in the lay press. Such exposure is often

useful as we have found in our clinics that after every press article there is a

spate of new, and often appropriate, referrals for injection. However, the lay press

have mainly focused on the use of botulinum toxin from the management of

wrinkle lines and other cosmetic usages. There is little doubt that the practice

of cosmetic surgery has been advanced by the safe and effective treatment of

wrinkle lines with botulinum toxin. The techniques and results are demonstrated

in Chapter 15.

Finally, there are a number of chronic neurological problems characterized

by various degrees of muscle spasm. Many of these conditions are not particularly

amenable to any intervention and botulinum toxin has been tried with some

success in these conditions even though it is unlikely that such indications will

ever be part of the therapeutic licence. These conditions include tics, myoclonus,

stiff person syndrome, Parkinson’s disease and tremor as well as the rarer forms

of limb dystonia such as writer’s cramp and other occupational cramps. These

conditions are discussed by Mike Barnes in Chapter 16.

Overall, this book is not intended as a totally comprehensive review of all

indications ever published for the use of botulinum neurotoxins. However,

we hope that we have covered all the standard indications as well as reviewing

the more important and the more promising indications that already provide

further practical use of botulinum toxin and may do so increasingly in the future.

The story of botulinum toxin has been a significant story of success and translation

of basic neuroscience to practical reality. The story is not yet completed and there

is every hope that botulinum neurotoxins will provide a platform for exciting

clinical developments in the future. However, we hope that this textbook has

provided the clinician, and the basic scientist, with a practical and readable guide

to the development of this fascinating clinical entity.
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2

Mechanistic basis for the therapeutic
effectiveness of botulinum toxin A on
over-active cholinergic nerves

J. Oliver Dolly and Gary Lawrence
International Centre for Neurotherapeutics, Dublin City University, Dublin, Ireland

2.1 Introduction

Seven homologous variants (serotypes A�G) of botulinum neurotoxin (BoNT)

are produced by different Clostridium botulinum, and closely-related toxins have

been isolated from C. butyricum and C. barati1. All are proteins with Mr� 150K

which are activated by selective proteolytic cleavage to yield a heavy chain (HC)

and a light chain (LC) linked by a disulphide bond and non-covalent interactions2.

Each exhibits amazingly high specific neurotoxicities (107�108 mouse LD50 units/

mg) after separation from their naturally-occurring complexes with accessory

proteins. The size and composition of such complexes differ for each serotype; for

example, type A can be isolated as large assemblies (LL or L forms withMr� 900 or

450K) of the active moiety, BoNT, with non-toxic non-haemagglutinin and

several haemagglutinin proteins3.

Long before the recent spiralling interest worldwide in type A toxin as a

therapeutic for weakening hyper-active muscles, BoNTs had been adopted as

informative probes4. for delineating the fundamental process of quantal

transmitter release5. This choice was based on their renowned abilities to induce

neuromuscular paralysis by presynaptic inhibition of acetylcholine (ACh) release6.

with exquisite specificity (i.e. without affecting any other measured parameters

such as ion channels in the nerve terminal, ACh synthesis, etc.)7. Also, other toxins

had been shown to be useful for the biochemical characterization of neuro-

transmitter receptors and cation channels8,9. Another attraction of using BoNTs

was that motor nerves in frog paralysed with type D did not atrophy or undergo

any detectable ultrastructural changes over �50 days10; likewise, mammalian

nerve endings treated with type A did not degenerate but, instead, underwent

remodelling that culminated in full recovery of neuro-exocytosis after 90 days11.
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2.2 Outline

In view of such unique potency and selective perturbation of a key step in synaptic

transmission, which was very poorly understood in molecular terms despite

Nobel prize winning contributions12, it was prudent to expect that utilization of

BoNTs as research tools would unveil a functionally important component.

Nonetheless, some eminent scientists doubted the wisdom of working with such

exotic and dangerous toxins. However, the commitment to this experimental

approach yielded an even larger measure of success than needed to compensate

for the difficulties in safely handling such potent neuroparalytic agents. Notable

outcomes, to be reviewed herein in chronological order, include establishing

molecular/mechanistic bases or evidence for the following:

(a) the targeting of BoNT/A and /B to cholinergic nerve endings in the periph-

ery by binding to distinct ecto-acceptors located exclusively thereon, a step

requiring the correct conformation of the HC;

(b) internalization of the toxic moiety by acceptor-mediated endocytosis and

translocation to the cytosol, a process enhanced by neural stimulation;

(c) intracellular inactivation of ubiquitous target(s) essential for the release

of all transmitters from small synaptic vesicles and large dense-core

granules;

(d) light chain of type A inhibits ACh release at the neuromuscular junction,

due to its reported Zn2þ-dependent endoprotease cleaving and disabling

a SNARE protein, SNAP-25, which together with synaptobrevin and

syntaxin � the substrates for BoNT/B/D/F/G and /C1 (reviewed in13,14) �
were, thus, found to be responsible for Ca2þ-regulated exocytosis; and

(e) pinpointing factors contributing to the prolonged, but reversible, neuro-

muscular paralysis caused by BoNT/A including the persistence of

its cleaved target, longevity of the protease activity and extended time

course of the nerve sprouting/remodelling induced. Such an unique

combination of remarkable multi-functional activities underpins the

impressive success of type A toxin as a first-choice therapeutic for an

ever-increasing number of conditions arising from over-activity of

cholinergically-innervated muscles.

2.3 BoNT/A binds to ‘productive’ ecto-acceptors on motor and autonomic

nerves: such targeting underlies its peripheral cholinergic specificity

Electrophysiological recordings in rodent phrenic nerve diaphragm15 revealed

that type A BoNT reduces the frequency of miniature end-plate potentials

and blocks neurally-evoked end-plate potentials, without altering their
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Figure 2.1 BoNT/A selectively blocks cholinergic motor neurotransmission. (A) Continuous monitoring

of the amplitude (upper panel) and rise-time (lower panel) of post-synaptic end-plate

potentials (e.p.p.s.) in a single fibre of mouse diaphragm, elicited by stimulation of the

attached phrenic nerve. Plotted data represent the responses recorded following the

addition of 10nM BoNT/A (at 0min). (B) Inhibition by BoNT/A (two concentrations) of

smooth-muscle contractions upon transmural electrical stimulation of guinea-pig ileum. The

force of contractions progressively declined following toxin addition. (C) Non-adrenergic

inhibitory responses of guinea-pig taenia coli, elicited by 30 sec stimulation at the indicated

frequencies in the presence of atropine and guanethidine (upper record), was unaffected by

2 hours exposure to 8.6 nM BoNT/A (lower trace).
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rise-times (Figure 2.1A). These observations highlighted the pre-synaptic

selectivity of this toxin and ability to reduce both spontaneous and evoked

release of ACh. Cholinergic excitatory transmission in smooth muscle of guinea-

pig ileum, elicited by transmural stimulation16 can also be inhibited by BoNT/A

(Figure 2.1B). Such susceptibility of neuronal ACh release in skeletal and smooth

muscle preparations accords with the most pronounced and prevalent symptoms

of human botulism17 In contrast, non-adrenergic non-cholinergic inhibitory

response of intestinal wall to field stimulation16 is not affected by BoNT/A

(Figure 2.1C). Similarly, the toxin was found to have minimal effect on nor-

adrenergic excitatory response of rat anococcygeus muscle induced by field

stimulation.

As a means of deciphering the basis of this preference for cholinergic nerves,

BoNT/A and /B were radiolabelled to high specific radioactivities with 125I whilst

retaining their biological activities18 and used to paralyse mouse diaphragm.

Electron microscopic autoradiograms of this processed tissue showed very

selective targeting of 125I-BoNT type A (Figure 2.2A) and B19 to motor nerve

terminals. This involved saturable binding to ecto-acceptors on the unmyelinated

presynaptic membrane because the labelling was diminished by the additional

presence of an excess of non-radioactive toxin (Figure 2.2B). Moreover, type A

and B toxins bound to distinct sites whose densities were determined to be

150 and 630 mm�2 of nerve terminal membrane19,20. Reduction of the disulphides

in BoNT/A and alkylation of the thiols abolished its neurotoxicity, but abilities

to bind to the ecto-acceptors and to inhibit transmitter release when applied

intra-neuronally were retained21. In contrast, the separated HC of type A proved

unable to prevent the ‘productive’ binding of BoNT/A to motor nerve terminals

that led to muscle paralysis, being only capable of reducing ‘non-productive’

interaction22. Accordingly, the non-toxic derivative of the whole toxin, unlike

the free HC, antagonized the neuromuscular paralytic activity of BoNT/A

(Figure 2.3A) revealing that the conformation of HC required for ‘productive’

binding is maintained by its association with LC22,23. Importantly, the reduced

alkylated BoNT/A failed to counteract the inhibition by serotypes B, F and E or

the related tetanus toxin (Figure 2.3). This lack of cross-competition, together

with the above-noted different acceptor densities for BoNT/A and /B, establish

the existence of separate binding sites for the toxin serotypes examined. Notably,

our conclusion is supported by the recent demonstrations that types B and G,

but not A, bind to synaptotagmin I and II; such interaction of the former only

requires ganglioside24,25. As these toxins just exploit the existence of multiple

ecto-acceptors, an intriguing question arises as to the molecular nature and

physiological roles of those for the other toxin serotypes that remain to be

identified.
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It appears that binding is a prerequisite for the toxins’ potent actions because

fragments (e.g. LC-HN, lacking the C-terminal half of HC) are unable to bind

to motor nerve endings or antagonize the action of the intact toxin; also, these lack

neuromuscular paralysing activity26,27. Accordingly, toxin-susceptible cholinergic

nerves in ileum (cf. Figure 2.1B) could be labelled by 125I-BoNT/A, unlike putative

purinergic or peptidergic endings in the same sections28, as seen in electron

micrographs (Figure 2.2C, D).

Figure 2.2 BoNT/A selectively binds at cholinergic motor end-plates and is internalized by endocytosis,

followed by transfer to the pre-synaptic cytosol. Electron microscope autoradiograms of

phrenic nerve muscle preparations (A, B) after exposure to 11nM 125I-labelled BoNT/A

alone (A) or in the presence of 100-fold excess of the unlabelled toxin and (C, D) sections of

mouse ileum after exposure to 20nM 125I-BoNT/A; note the deposition of silver grains on

cholinergic endings but absence of labelling on peptidergic and purinergic varicosities.

(E) Colloidal gold conjugated to BoNT/A revealed in 100nm sections through mouse nerve-

diaphragm. After silver enhancement, 10�20nm grains were observed near the intra-

lumenal membrane of intra-terminal endocytic structures such as coated vesicles [large

arrow in (E) and (E, inset) at higher magnification], small smooth- and large-endocytotic

vesicles [large arrowheads and ev, respectively, in (F)], and in the cytosol (small arrows).
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2.4 125I-BoNT undergoes acceptor-mediated endocytosis in cholinergic

nerves: enhancement by stimulation and acceleration of neuromuscular

paralysis

Uptake of 125I-labelled BoNT/A (Figure 2.2) and /B29 into motor nerve

terminals occurs via a saturable process (i.e. blocked by excess of the respective

unlabelled toxin) that is energy- and temperature-dependent, indicative of

Figure 2.3 Antagonism of BoNT/A-induced neuroparalysis by an innocuous derivative shows that

productive neuronal binding requires both associated HC and LC: the acceptor for BoNT/A is

distinct from those for other serotypes and tetanus toxin. (A) Under conditions designed

to be non-permissive for toxin internalization, 30 nM HNLC fragment of BoNT/A (�) or its

HC (^) proved incapable of antagonizing the binding of 0.3 nM BoNT/A, as reflected by their

inability to delay paralysis (�) following the removal of toxin and nerve stimulation under

permissive conditions. In contrast, 2.5 nM of a reduced and alkylated BoNT/A (f) did

impede BoNT/A-induction of paralysis. The derivative did not delay, or postponed only

slightly, the onset of paralysis by other BoNT serotypes or tetanus toxin, indicating that

BoNT/A binds to distinct functional acceptors.
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acceptor-mediated endocytosis. The relevance of this uptake process was high-

lighted by its enhancement upon nerve stimulation29 because the latter also

shortens the toxin’s paralysis time30,31. Furthermore, ammonium chloride and

methylamine � lysosomotropic agents which interfere with the endocytotic

pathway � attenuated toxin internalization29 and, correspondingly, retarded

the onset of BoNT-induced muscle paralysis32. Finally, efficient uptake of the

neurotoxic moiety of type A toxin requires the presence of the inter-chain

disulphide as well as the correct conformation of the HC which is, apparently,

maintained by association with LC21. This observation underpins the need to

use an innocuous mutant of intact BoNT to act as a cholinergic targeting vehicle

for therapeutic adducts33.

Involvement of endocytosis was reaffirmed by similar studies with BoNT/A

conjugated to colloidal-gold23 which unveiled gold particles associated with

coated vesicles, small smooth- and large-endocytotic vesicles (Figure 2.2E, F).

Some of the toxin molecules were seen close to the limiting membrane, pre-

sumably awaiting translocation. Accordingly, gold particles could be detected in

the cytoplasm, establishing that internalization occurred (Figure 2.2E).

2.5 Intra-neuronal inhibition by BoNT/A of the release of numerous

transmitters from SSVs and LDCVs highlights an ubiquitous target essential

for regulated exocytosis

The large size of neurons in Aplysia and ease of recording synaptic potentials were

exploited for micro-injection of BoNT/A and monitoring of its effects; blockade

of transmitter release was seen at both cholinergic (Figure 2.4A) and non-

cholinergic synapses (Figure 2.4B) whereas only the former was susceptible to

extracellularly-applied toxin34. Likewise, when BoNT/A gains access into cere-

brocortical synaptosomes by use of relatively high concentrations35, the Ca2+-

dependent evoked release of dopamine, GABA, noradrenaline, ACh (Figure 2.4C)

or glutamate became inhibited36. Exocytosis from large dense-core granules of

peptides (e.g. cGRP, substance P) and catecholamines is also inhibited by adequate

exposure of neurons and endocrine cells to BoNT/A37�39. Clearly, this toxin

inactivates an ubiquitous intracellular target that is essential for Ca2+-regulated

exocytosis and, thus, can block the release of a variety of messengers from neurons,

endocrine (as discussed above) and exocrine cells40 provided it can be delivered

intracellularly by permeabilization or other methods. Its therapeutic applications

(discussed below and elsewhere) are, therefore, only limited by the users’ technical

ingenuity. This is not a challenge in the case of peripheral cholinergic terminals

because of their possession of ‘productive’ acceptors22.
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Figure 2.4 The intracellular target of BoNT/A is an ubiquitousmediator of neuro-exocytosis. (A) BoNT/A

was bath-applied (hatched bar) at 7 nM (&) or intracellularly injected to give a calculated

intracellular concentration of 5 nM (f) in an identified cholinergic neuron (arrow) in the

buccal ganglion of Aplysia. Neurally-evoked post-synaptic responses were monitored before

and after administration of BoNT (Insets). Post-synaptic recordings at the point indicated in

the control conditions (left) and during the decrease in ACh release (right) caused by

intracellular administration of BoNT (�� ). (B) Inhibition of post-synaptic potentials in the

cerebral ganglia of Aplysia induced by intracellular injection of BoNT into a non-cholinergic

pre-synaptic cell. Note that repetitive activation of this synapse reduces its activity over time;

thus, responses to BoNT/A-injected neurons were compared directly with those to a non-

injected pre-synaptic neuron afferent to the same cell. (C) Rat cerebrocortical synaptosomes

were exposed for 30min at 37�C to BoNT/A at the concentrations indicated and loaded with

tritiated neurotransmitters acetylcholine (�), noradrenaline (f), dopamine (h) and

g-amino butyric acid (GABA; g). Release of transmitter was elicited by 25mM Kþ

depolarization and the amounts released quantified.
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2.6 LC of BoNT/A administered intracellularly blocks Ca2+-evoked exocytosis

due to its proteolytic cleavage of SNAP-25

When LC isolated from BoNT/A was delivered into motor terminals41, it

abolished nerve-evoked muscle contraction (Figure 2.5A), as also observed

when applied inside endocrine cells38,42. The discovery of clostridial neurotoxins

being metallo-endoproteases43 with BoNT/A cleaving off nine-residues from the

C-terminus of SNAP-2544,45, revolutionized this field and identified the final

crucial step in the previously established multi-phasic mechanism outlined above.

Cleavage of the SNARE protein by BoNT/A could be readily demonstrated

in cerebellar granule neurons46 and shown to correlate with the inhibition

of glutamate release (Figure 2.5B). However, cleavage of only a minority of the

total SNAP-25 by type A or E was observed in rat motor nerves (Figure 2.5C)

despite neuromuscular transmission being abolished47. Apparently when minimal

amounts of BoNT are used, proteolysis of a SNAP-25 subpopulation occurs that is

critical for ACh release� probably at the active zone release sites, near its point of

entry. In any case, SNAP-25 cleavage by BoNT/A definitely underlies blockade

of exocytosis because synaptic transmission in leech is toxin-resistant due to

a mutation at the scissile bond in SNAP-2548. Furthermore, exocytosis from

chromaffin cells after inhibition by BoNT/A can be rescued by over-expression

of a toxin-resistant SNAP-25 mutant (R198T), a feat not achievable with the

wild-type SNARE (Figure 2.5D). The latter continued to be ineffective over

3 weeks after initial exposure to the toxin, indicating the persistence of its protease

activity (Ref. 49; see later). Finally, it is noteworthy that BoNT/A and /E (which

removes 26 C-terminal residues) have proved instrumental in establishing the role

of SNAP-25 in exocytosis whilst the other serotypes have, likewise, been used

to define the functional importance of the two SNAREs, syntaxin (/CI) and

synaptobrevin (/B, /D, /F, /G)14.

2.7 Prolonged neuromuscular paralysis and associated nerve sprouting

induced by BoNT/A contrasts with the transient effect of type E:

differences in the toxins’ life-times and properties of /A- and

/E-truncated SNAP-25

One of the many attractive features of type A BoNT for therapeutic applications

is its prolonged duration (3�12 months in humans depending on the condition

treated) of efficacy (detailed in other chapters). When injected into murine leg

muscles, the induced weakness lasts for �30 days when measured crudely by the

toe spread reflex assay (Figure 2.6A). In general agreement with this, /A-truncated

SNAP-25 was shown to persist for 20�40 days in mouse motor nerve
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Figure 2.5 BoNT/A acts intra-cellularly to cleave selectively SNAP-25: delivery of the LC is adequate for

inhibition. (A) Bath application to mouse nerve-diaphragms of liposomes encapsulating LC

at a final concentration of 20nM (u), 15 nM (s) and 9nM (g) induced a progressive

decrease in nerve-evokedmuscle contractions, with higher doses having amore rapid effect.

Empty liposomes (?) or those containing HC (m) had no effect. (B) Cultures of cerebellar

granule neurons were exposed for 24hours to the specified concentrations of BoNT/A and

then returned to toxin freemedium. After various times (f 0, t 7,r,h 21 and u 31 days), the

cells were loaded with [14C]-labelled glutamine and Ca2þ-dependent Kþ-depolarization

evoked release of radiolabel was quantified (upper panel) before harvesting the cells and

probing for full-length SNAP-25 by SDS-PAGE and Western blotting. Signal intensities were

quantified from digitized images and normalized as a% of the toxin-free control (lower

panel). (C) Mouse diaphragms were exposed to 2nM BoNT/A, 0.5 nM BoNT/E or both toxins
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endings (Figure 2.6C1), by using an antibody specific for the cleaved product in

conjunction with fluorescent microscopy47. In vivo imaging of individual nerve

terminals in mice, before and at various times after blockade with type A toxin11,

revealed that extensive nerve sprouting occurred up to 42 days. Although the

original nerve ending remained devoid of endo-/exo-cytotic activity, vesicle

recycling was visible in the new outgrowths and these formed functional extra-

junctional synapses with the muscle which, apparently, mediated the observed

return of the first phase of nerve-evokedmuscle twitch11. By day 63, lengthening of

the sprouts had ceased and vesicle recycling started to reappear in the parent

terminal (Figure 2.6B2); after 93 days, the latter had fully recovered functionality

and original shape with disappearance of all the sprouts (Figure 2.6B3).

In stark contrast, type E causes a much shorter transient effect (Figure 2.6A)

consistent with the shorter lifetime of its cleaved product (Figure 2.6C2).

Importantly, co-injection of type E with /A speeds up the functional recovery

(Figure 2.6A), a striking phenomenon first observed with muscles in human

volunteers50. In accord with these observations, BoNT/E was shown to hasten the

removal of A-truncated SNAP-2547. BoNT/F, which cleaves a different target,

synaptobrevin, and gives intermediate duration of action did not shorten the

extended action of type A (Figure 2.6). This significant shift in time course not

only suggests that BoNT/E further cleaves A-truncated SNAP-25 (as demonstrated

clearly in vitro46) but, also, infers a lack of persistence of adequate activity of type A

protease (when minimal doses are employed46) to resume its normal prolonged

effect, after the transient action of /E51. On the other hand, BoNT/A activity has

been reported to persist in chromaffin cells (�30 days; Figure 2.5D), cerebellar

granule cells (�21 days; Figure 2.5B), cultured spinal cord neurons (�80 days)

and rat muscle (�30 days)51,52. In this context, it is notable that LC of BoNT/A,

Caption for Figure 2.5 (cont.) simultaneously until nerve-evoked muscle contractions were

completely blocked; control preparations were exposed to vehicle alone. The samples were

then washed and end-plate regions dissected and solubilized with 2% CHAPS before

immunoprecipitation of SNAP-25 using an antibody that binds full-length and C-terminally

truncated SNAP-25 equally well. Precipitates were subjected to SDS-PAGE and probed for

SNAP-25 by Western blotting. Signal intensities were quantified and normalized for full

length- (open bars) and BoNT/A-truncated- (solid bars) and BoNT/E-truncated SNAP-25

(hatched bars). (D) Cultured bovine chromaffin cells were transiently exposed to BoNT/A,

thenmaintained for a further 3 weeks before co-transfection with plasmids encoding human

growth hormone (hGH, which localizes within secretory granules) and either chloramphe-

nicol acetyl-transferase (CAT), wild-type SNAP-25 or a SNAP-25 with a mutation (R198 to T)

that renders it insensitive to BoNT/A. Release of hGH from transfected cells was elicited with

2mM Ba2þ and quantified by radio-immunoassay.

19 Mechanistic basis for the therapeutic effectiveness



20 J. O. Dolly and G. Lawrence



but not /E, displays ability to associate with the plasmalemma when expressed in

PC-12 cells53.

One possible interpretation47 for these disparate findings is that A-truncated

SNAP-25 squats at the release sites by associating with the other partnering

SNAREs (syntaxin and synaptobrevin), as its ability to form a complex (albeit

non-productive) persists54. By some such mechanism, the normal fast turnover of

SNAP-25 is precluded. Interestingly, a recent study55 lends some support to this

notion; SNAP-25 truncated by BoNT/A retains considerable ability to bind

syntaxin unlike the /E-truncated form (Figure 2.6D).

2.8 Therapeutic applications: present success and unique properties of

BoNTs offer encouraging prospects for further advancement

This remarkable combination of unique properties established for BoNT/A

(e.g. targeting to and internalization into cholinergic nerve endings, specificity

in blocking ACh release, potency and long-lasting effects)23,56. underlies its

unrivalled usefulness as the clinical treatment of an ever-increasing range of

conditions arising from hyper-active motor nerves (detailed in other chapters).

Figure 2.6 Neuromuscular paralysis induced by BoNT/A is very prolonged compared to that produced

by other serotypes, accords with the persistence of cleaved SNAP-25 and is accompanied

by extensive and reversible remodelling of the end-plates. (A) Extent of paralysis was

determined using the toe spread reflex (TSR) assay for mice injected (at day 0) in the hind leg

with A, 5 pg BoNT/A; E, 50 pg BoNT/E; F, 4 ng BoNT/F; AþE, 2.5 pg BoNT/A þ 25pg BoNT/E

and AþF, 2.5 pg BoNT/A þ 2ng BoNT/F, doses that had been predetermined to produce a

maximum TSR score in the absence of any other symptoms of botulism. The plotted data

indicate the time taken for the TSR score to return to baseline. (B) The lower panels represent

localization of a nerve-terminal and its sprouts with themitochondrial activity dye 4-di-2-ASP

(outlined areas) and detection of vesicle-recycling with FM1-43 labelling (solid areas) in

mouse sternamastoidmuscle before the injection of 0.5 pg BoNT/A haemagglutinin complex

(B1), the original terminal and extensive terminal sprouts at day 63 after injection (B2) and,

at day 91, the original terminal with sprouts almost fully retracted (B3). The upper panels

show composites of the images captured with each dye. (C) The products of SNAP-25

cleavage by BoNT/A (SNAP-25A; C1) or BoNT/E (SNAP-25E; C2) detected in mouse extensor

digitorum longus muscles after injection of the requisite neurotoxin. Note that cleavage

product can be detected up to 40 days after the injection of BoNT/A, but E-truncated

SNAP-25 was removed within a week after administration of BoNT/E. (D) Increasing

amounts of syntaxin 1 were incubated with resin-immobilized full-length SNAP-25 or trun-

cated forms equivalent to the products of SNAP-25 cleavage by BoNT/A (SNAP-25�9)

or /E (SNAP-25�25). Bound syntaxin was quantified by Western blotting. From Bajohrs

et al. (2004). (For a colour version of this figure, please refer to the colour insert between

pages 26 and 27.)
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Likewise, the observed inhibitory effects of BoNT/A on different autonomic

nerves16 form a basis for its successful application as a therapy for over-active

bladder57, certain gastrointestinal disorders58. and hyperhidrosis, salivation or

lacrimation59. However, there was a�2 decade gap between the reported blockade

by BoNT/A of smooth muscle and its later adoption in the clinic for that purpose.

Thus, increased interaction/collaboration between basic and clinical scientists

should further improve and extend BoNT therapies.
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Figure 2.6 Neuromuscular paralysis induced by BoNT/A is very prolonged compared to that produced

by other serotypes, accords with the persistence of cleaved SNAP-25 and is accompanied by

extensive and reversible remodelling of the end-plates. (A) Extent of paralysis was determined

using the toe spread reflex (TSR) assay for mice injected (at day 0) in the hind leg with A, 5 pg

BoNT/A; E, 50 pg BoNT/E; F, 4 ng BoNT/F; AþE, 2.5 pg BoNT/A þ 25pg BoNT/E and AþF,



Caption for Figure 2.6 (cont.) 2.5 pg BoNT/A þ 2ng BoNT/F, doses that had been

predetermined to produce a maximum TSR score in the absence of any other symptoms

of botulism. The plotted data indicate the time taken for the TSR score to return to baseline.

(B) The lower panels represent localization of a nerve-terminal and its sprouts with the

mitochondrial activity dye 4-di-2-ASP (outlined areas) and detection of vesicle-recycling with

FM1-43 labelling (solid areas) in mouse sternamastoid muscle before the injection of 0.5 pg

BoNT/A haemagglutinin complex (B1), the original terminal and extensive terminal sprouts

at day 63 after injection (B2) and, at day 91, the original terminal with sprouts almost fully

retracted (B3). The upper panels show composites of the images capturedwith each dye. (C)

The products of SNAP-25 cleavage by BoNT/A (SNAP-25A; C1) or BoNT/E (SNAP-25E; C2)

detected in mouse extensor digitorum longus muscles after injection of the requisite

neurotoxin. Note that cleavage product can be detected up to 40 days after the injection of

BoNT/A, but E-truncated SNAP-25 was removed within a week after administration of BoNT/

E. (D) Increasing amounts of syntaxin 1 were incubated with resin-immobilized full-length

SNAP-25 or truncated forms equivalent to the products of SNAP-25 cleavage by BoNT/A

(SNAP-25�9) or /E (SNAP-25�25). Bound syntaxin was quantified by Western blotting. From

Bajohrs et al. (2004).

Figure 3.2 Structure and action of the botulinum neurotoxins. The figure shows a representation of the

three-dimensional structure of a botulinum neurotoxin. The toxin exerts its neuroparalytic

action via a four-step mechanism. Once in the blood stream, domains within the C-terminal

portion of the toxin heavy chain (HC domain, shown in blue) bind to acceptors on the

pre-synaptic nerve surface. After binding, the toxin is internalized into endosomes from

where it is translocated across the membrane into the cytosol by the translocation domain

(HN domain, shown in green). Once in the cytosol, the light chain (shown in red), which is

a highly specific zinc-dependent protease, cleaves and inactivates an essential component of

the neuroexocytosis apparatus.
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3.1 Product development

The neurotoxins produced by the bacterium Clostridium botulinum that cause

botulism are the most potent acute toxins known. There is no known cure for the

flaccid muscular paralysis of botulism and for many people the disease evokes an

emotive and fearful view of the toxins. Although rare, botulism is usually

encountered as a food-borne disease that results from eating food contaminated

with pre-formed toxin. Wound botulism and infant botulism are two other forms

of the disease, although unlike food-borne botulism, these intoxications result

from direct infection with the bacterium. The incidence of wound botulism has

increased in recent years in drug users who inject heroin; infant botulism is now

the most common form of the disease reported in the USA. Whilst these various

forms of acquired botulism are frightening enough prospects, the toxins are now

seen in the even more sinister context of use in weapons of biological warfare or

bio-terrorism.

The perception of these potent microbial toxins is changing. Whilst the

pharmaceutical industry annually spends many millions of pounds searching for

or designing synthetic chemicals that have specific pharmacological activities, with

the botulinum neurotoxins, nature has done all the work for us. Over aeons of

time a family of molecules have evolved having a unique combination of biological

activities that can be used to clinical benefit. Because of their high potency and

exquisitely specific pharmacological activity, the botulinum toxins are increasingly

being used to treat a range of clinical conditions involving uncontrolled muscle

spasm, bringing relief of symptoms tomany people for whom there was previously

little in the way of effective treatment.

In the late 1960s Dr Alan Scott, an ophthalmologist at the Smith Kettlewell

Institute in California was seeking less invasive alternatives to surgery as a means

to correct strabismus. The possibility of using botulinum toxin to induce localized

Clinical Uses of Botulinum Toxins, eds. Anthony B. Ward and Michael P. Barnes. Published by
Cambridge University Press. � Cambridge University Press 2007.
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muscle weakness was raised in discussions with Dr Ed Schantz and in the 1970s

Scott demonstrated, initially in non-human primates and in the early 1980s,

clinically, the value of injecting small quantities of botulinum toxin into

extraocular muscles as a means to treat strabismus1,2. The technique caught the

imagination of ophthalmologists and neurologists around the world triggering an

unusual drug development process. Largely through personal and published

communications, the clinical efficacy of botulinum toxin was demonstrated and

its use extended well beyond initial applications to include treatment of the

symptoms of a range of relatively rare neurological disorders associated with

involuntary muscle spasm, specifically focal dystonias3�5. Consequently, by the

time the first marketing authorizations were granted the clinical therapeutic value

of the toxin in treating the symptoms of a wide range of conditions had already

become well established.

To meet the early demand for a therapeutic toxin formulation, Scott established

Oculinum Inc. and the early formulation of type A toxin, Oculinum�, was granted

Orphan Drug status by the US Food and Drug Administration (FDA) in 1978.

In 1988, Allergan Inc. acquired the rights to distribute Oculinum� and respon-

sibility for clinical trials to establish the effectiveness of the toxin for other

indications. The following year the FDA granted approval for Oculinum� to be

marketed in the USA as an orphan drug for the treatment of strabismus. Shortly

afterwards, Allergan acquired Oculinum Inc. and successfully applied for FDA

approval to change the product name to BOTOX�. In 2000 the indications for

BOTOX� use were extended to include cervical dystonia and associated neck pain.

Ophthalmologists at theMoorfields Eye Hospital, London, were among the first

clinicians in the UK to seek to apply Scott’s new approach to correcting

strabismus. Because of the, then, limited supply of Oculinum� they approached

the Centre for Applied Microbiology and Research (CAMR) at Porton Down,

a major centre of excellence for research on botulinum toxins. CAMR developed

a stable freeze-dried type A toxin formulation that was initially supplied only to

the Moorfields Eye Hospital but the use of toxin therapy grew rapidly and CAMR

toxin was soon being used throughout the UK and in many European countries.

CAMR’s commercial partners Porton Products (now Ipsen Ltd.) successfully

applied for marketing authorization in the UK and in 1990 the formulation

Dysport� was approved by the Medicines Control Agency (MCA) for blephar-

ospasm and hemi-facial spasm.

The type A toxin products now have approvals in many territories worldwide

for a range of indications that include strabismus, blepharospasm, hemi-facial

spasm, spasmodic torticollis, upper limb focal spasticity, treatment of dyski-

nesias (including cerebral palsy) in children, hyperhidrosis and cosmesis. The

headline-grabbing use of toxin for the treatment of glabellar lines and facial
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hyperkinetic lines (facial wrinkles) has donemuch to raise awareness in the general

public of the clinical value of botulinum toxins. Additionally, the toxins are in

clinical studies to treat many, often rare, conditions involving uncontrolled focal

muscle spasm. It is remarkable that well over 100 different potential clinical

therapeutic applications for botulinum toxins have been described in the

literature.

The success of these two products has stimulated the development of other

products (Table 3.1). Neurobloc� (Myobloc� in the USA) is a serotype B toxin

formulation, manufactured and distributed by Solstice Neurosciences, which is

licensed for cervical dystonia. Locally developed type A toxin products are used in

China and countries in the Far East. Toxins type C, E and F have also been used in

the clinic.

The current product formulations are based on complexes of neurotoxin

serotypes with other non-toxin proteins, some of which possess haemagglutina-

tion activity13. The manufacturing processes used differ for each product but at

least one attempt to define the characteristics of therapeutic toxin preparations has

been made14. It is known (P.Hambleton, unpublished) that purified neurotoxin

preparations are effective. Formulations of neurotoxins are being developed and

several clinical trials of purified neurotoxin have completed in Europe, sponsored

by Merz with the now-licensed product in Germany, Xeomin�. The German

company BioteCon have patent applications for the use of purified neurotoxin in

treating Type A toxin non-responders (now assigned to Merz) and snoring15,16. It

remains to be seen whether or not such products would offer clinical and

Table 3.1. Therapeutic botulinum toxin products

Toxin

serotype Product Supplier

Approved

indications

A Dysport� Ipsen See text

BOTOX� Allergan See text

BoNT-A Available in China Strabismus, blepharospasm,

hemifacial spasm

Xeomin� Merz Focal dystomas

B Neurobloc� Solstice Neurosciences Spasmodic torticollis

Myobloc�

C No approved product N/A aSee Refs 6 and 7
aSee Ref. 8

E No approved product Wako

F No approved product N/A aSee Refs 9�12

aNon-approved use.
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marketing advantages that would impact on the success of the current generation

products. Whilst the relatively long duration of effect of toxin therapy is generally

seen to be advantageous, neuromuscular blocking agents with both shorter and

longer duration of action might have value; the development of botulinum toxin-

based drugs with such properties may present significant scientific challenges.

3.2 Product assay

Product release tests that ensure product quality, safety and efficacy are defined for

each approved toxin formulation. Examples of release tests for type A toxins are

given in a Ph. Eur. Monograph14, and a Chinese pharmacopoeial monograph17.

Arguably, the most important test is that of potency, since this encompasses proof

of both product efficacy and safety.

Therapeutic formulations of botulinum toxins are tested for potency

using mouse lethality assays, with product activity being expressed in mouse

LD50 units
18,19. Such bioassays are inherently variable and although reproduci-

bility can be achieved under stringent conditions, apparently minor differences

in assay protocols can lead to significant variation in observed LD50
19�23.

For example, the same number of mouse LD50 units of different formulations

of type A toxin may not have equivalent biological (clinical) activities which has

raised concerns with clinicians24. The assay diluent buffer used probably accounts

for large differences in potency estimates18,19 but other factors such as mouse

strain, product formulation and assay design may also contribute to the observed

differences25. Although alternative potency assays have been described (see

examples in21,25) these may have subjective end points and have not, as yet,

replaced the traditional mouse lethality assay. Whilst inter-laboratory variability

may be resolved by expressing units of activity relative to that defined by a

reference standard27, it may be that no single bioassay can measure true clinical

potency for all toxin formulations or therapeutic applications.

In recent years a number of in vitro assays have been developed to detect and

quantify botulinum toxins. Immunoassays are capable of quantifying toxin28,29

but suffer the disadvantage of not being able to distinguish between biologically

active and inactive toxins, making them unsuitable as alternative potency, safety or

stability tests30. Advances in understanding the molecular structure and mode of

action of the botulinum toxins (see Section 3.7) have led to the development of

sensitive in vitro quantitative assays of the enzymatic activity of the toxins that

provide a basis for reducing the use of animals for potency testing31. Indeed, the

in vitro enzymatic test for BoNT/A is now used to monitor the potency of clinical

formulations30. Such progress is encouraging and suggests that it might soon

be practicable to use a combination of in vitro assays to quantify the toxin mass
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and activity of clinical toxin formulations; if the performance of such test

combinations could be validated they might replace the current potency bioassays.

Bioassays do, however, demonstrate the full biological functionality of toxins

(binding to receptors, internalization and enzymic activity) and may have a

continuing role in the determination of in vivo activity

3.3 Production of botulinum toxins for clinical use

The manufacture of therapeutic-quality botulinum toxins for clinical use presents

a number of challenging issues. The extreme toxicity of the proteins, the hazard

categorization of the organism and the requirement to protect production staff

from such hazards at all times, means that special measures must be taken to

contain and perform production stages that would normally be straightforward to

execute. The manufacturing processes themselves are straightforward and high

yielding32, therefore generally only carried out on a small scale. Although the

volumes of material handled may be relatively low, the operation of laboratory-

scale stages in containment conditions and in accordance with Good

Manufacturing Practice (GMP), as required by licensing authorities, is not

always straightforward. For example, even simple process steps such as

centrifugation require careful risk assessments of exactly how materials are to be

moved to and from the equipment, how primary and secondary containment of

the processed materials and fractions is to be achieved; even the nature of the

equipment to be used must be carefully specified. Detailed guidance is available

and helpful33, but is generally orientated towards the handling of toxin or

organism in a clinical laboratory setting.

At all times, the manufacturing process must bring together and merge the

GMP and the safety requirements. This is the case for both production of

the toxin and for Quality Control testing. Manufacturing sites must meet all

the requirements of the licensing authorities for each country where the product is

to be marketed. Whilst there is commonality of such standards in Europe, other

countries such as the United States and Japan have different emphases upon the

common GMP theme. Successful manufacture through compliance with these

differing requirements leads to global market access.

Generally, all toxin production equipment is contained within closed, negative

pressure units (Figure 3.1) that serve to isolate the organism or the produced

toxin from the facility environment and hence, by definition, from the operators.

Such containment units have features similar to the equipment employed for the

manufacture of cytotoxic drugs by chemical syntheses.

All production and laboratory equipment must go through full validation

(from design through to procurement, acceptance, installation, operational and
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performance testing) to meet GMP. Fortunately, many of the tests performed at

each stage are directly and highly applicable to containment and safety issues.

Certain additional testing has to be carried out to meet the safety requirements but

generally, this can be readily accommodated. Specific attentionmust be paid to the

safe disposal of waste materials from such facilities; specialized equipment such as

containment autoclaves and effluent treatment plants may be required, again

dependent upon local requirements; exhaust gases from equipment and air from

the facility must pass through appropriate sterilizing filters; production areas must

be subject to validated rigorous disinfection and cleaning regimes.

The total manufacturing process is governed by a quality systems approach and

by defined and inspected quality standards. This means that product made must

not only be manufactured under defined and validated conditions that meet

regulatory compliance but also must meet appropriate and defined standards of

quality, safety, efficacy, purity and potency. Quality control testing is therefore

carried out according to the same standards, examining each batch of final bulk

toxin or finished dose form product for compliance with the required and

approved specifications. Tests will examine potency and efficacy, generally by

methods such as the mouse LD50 assay (see above); safety (including sterility of

finished product) by pharmacopoeial methods; and purity by a series of tests as

Figure 3.1 Class III microbiological safety cabinet. The safe manufacture of botulinum toxins requires

containment of various unit processes in cabinets of this type that operate under negative

pressure and provide a secure physical barrier between the product and the operator.
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defined in the individual marketing authorizations. Other tests such as for product

identity, examination for degradation products and presence/absence of impu-

rities (such as compounds added during the purification process) may also be

required. The monograph from the European Pharmacopoeia14 specifies these

requirements for a type A toxin clinical product.

3.4 Organisms used for clinical toxin manufacture

The strains ofClostridium botulinum used for the production of type A therapeutic

toxin are likely to originate from those isolated and preserved by Ivan Hall in

the early 1900s. Hall was Professor at both the University of California and, later, at

the University of Colorado. His highly detailed publications, relating to the study

and epidemiology of botulism food poisoning cases, are exceptional for the

sheer numbers of organisms that he isolated and preserved. Type A strains he

isolated were distributed to colleagues and universities throughout the world

and deposited in various culture collections. Nevertheless, over the inter-

vening years as a consequence of the inevitable numerous subcultures performed,

any current ‘Hall’ type A strains may differ in various respects to the original

isolates.

Recently, workers at Allergan have published the molecular characteristics of

the type A Hall (Allergan) strain used for BOTOX� manufacture34. By molecular

sequencing, they have demonstrated the gene cluster containing both the type A

neurotoxin gene and related proteins which form their active toxin complex.

This does not mean, of course, that these are the only components of the toxin

complex used in the clinical formulation, as other clostridial proteins may become

associated with the active core during production. In a comparison of the

neurotoxin gene found in other type A Hall strains, a very high (but not absolute)

level of identity and homology was shown, confirming that ‘drift’ in strains may

have occurred.

The European Pharmacopoeia monograph for Type A toxin includes details of

the type and degree of characterization of type A toxin-producing strains (seed

lots) that is to be expected, including identity, microbial purity, phenotypic and

genotypic characteristics. In particular, a requirement has been defined whereby

each seed lot must not contain genes encoding other toxin serotypes.

This requirement may not be met by certain type A toxin-producing strains as

some are known to contain, for example, silent type B neurotoxin genes35.

The only details available on the type B toxin producing strain employed by Elan

for the manufacture of the active component of Myobloc�/Neurobloc� are

contained in the prescribing information for the product: the strain is described as

the Bean strain.
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3.5 Formulation of therapeutic toxin products

The formulation of botulinum toxin into a therapeutic dosage form is a critical

stage in the manufacture of a clinical product. The formulation procedure and

final content of a therapeutic protein can significantly affect the stability, and even

the potential immunogenicity, of the product. Protein formulation has been

greatly studied over many years and using sophisticated technology, but in many

cases the basic principles are the same. Therapeutic proteins often require the

presence of a stabilizing agent, probably another protein and a bulking agent, often

a sugar, in the final format. Various combinations of these excipients can be used

to improve the storage conditions and extend the shelf life of the product.

Products can be preserved frozen, refrigerated or at room temperature, as liquids

or solids (possibly freeze dried). All four commercially available toxins are

formulated and preserved with different components and in different formats, as

shown in Table 3.2.

Generally, lower temperature storage permits a longer shelf life for protein

therapeutics but this must be balanced commercially against the inconvenience for

users of having to use freezers instead of normal refrigerators and the requirement

Table 3.2. Formulations of commercial botulinum toxins

Product

Toxin

type

Dosage

form

Unitage

(LD50

per vial) Excipients

Storage

temperature

Shelf life

(months)

DYSPORT� A Freeze dried 500 HSA 2�8�C 24

Lactose

BOTOX� A Vacuum dried 100 HSA 2�8�C 24

Sodium

chloride

BoNT-A A Freeze dried Variablea Gelatin �5 to �20�C 36

Dextran

Sucrose

NEUROBLOC�/

MYOBLOC�

B Liquid Variableb HSA 2�8�C 36

Sodium

chloride

Sodium

succinate

HSA: human serum albumin.
aDifferent unit preparations are available (50 and 100 LD50 units per vial).
bDifferent unit preparations are available (2500 to 10 000 LD50 units per vial).
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for complex cold-chain distribution systems. The inclusion of protein-rich

excipients may also increase shelf life but the inclusion of animal-derived

materials should be avoided. The acceptability of the gelatin-containing prepara-

tion from China (BoNT-A)17 may therefore be questionable from this respect.

The use of different formulations and formats for the toxin products,

including amino acids, poly-sugars and non-HSA containing formats has been

investigated36. The use of recombinant HSA has also been examined and found to

be an acceptable alternative to the human plasma-derived excipients currently

included. Employment of cartridge and pen formats for administration is also a

new field of work36. Different presentations for clinical use will assist adminis-

tration, especially where multiple injections are required: typically, for use with

treatment of glabellar lines or hyperhidrosis.

3.6 Therapeutic ratio of toxin products

With products of such toxicity, the therapeutic ratio (the ratio between the

therapeutic dose and a toxic dose) is of concern. In particular, with toxin-

containing products, data such as the LD50 for man are clearly not available!

Therefore information must be obtained from animal studies and extrapolated

to the human.

Gill36, in his work covering bacterial toxins, indicated that the estimated lethal

dose of botulinum toxin for man was approximately 1 ng per kilogram of body

weight, equating to 70 ng for an adult of 70 kg body weight. With an estimated

toxin content of about 5 ng per 100 LD50 units (per vial)
38 this approximates to

about fourteen or more vials of BOTOX� product. This work was, however, some

considerable time before the therapeutic use of the toxins. Later information

published by the United States Food and Drug Administration39 indicated a lethal

i.m. dose in monkeys of 40 BOTOX� units per kilogram body weight, with a

comment that ‘the toxic dose for humans is estimated to be similar’. Based upon

this estimate, again for a 70 kg adult, about 2800 BOTOX� LD50 units would be

required for lethality in humans, or approximately 28 vials i.m.: clearly, this would

not be an issue clinically.

Attempts to demonstrate that the therapeutic ratio for one toxin product

may significantly differ from that of another and hence might be considered

‘less safe’ in clinical use40�42 fail to take account of the fact that as described

earlier, the measured units for one product cannot be extrapolated to another.

In this case, the workers used the units labelled for each preparation at the time

and did not translate the potency into a common unitage, so invalidating the

study.
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3.7 The future

3.7.1 Purified neurotoxins for clinical use

The presently available clinical formulations of botulinum toxins contain, in

addition to the neurotoxin moiety, various other proteins which make up the

toxin complex, the form in which it is secreted from the bacterium. These include

the non-toxic, non-haemagglutinin protein (NTNH) and haemagglutinin (HA),

the latter which comprises several heterologous subunits43. Together with the

neurotoxin moiety, these accessory proteins form a large protein complex, which

in the case of botulinum serotype A can be up to 900 000Da.While the NTNH and

HA play important roles in the protection and absorption of the neurotoxin from

the mammalian gut44, they are arguably superfluous within a preparation of

botulinum toxin which is delivered by injection. Efficient protocols are available

for the preparation of the various botulinum neurotoxin serotypes to over

95 per cent purity and hence the development of highly purified neurotoxin

formulations for clinical use is a realistic objective.

Purified neurotoxins offer a number of potential advantages over products

which contain NTNH and HA protein species. If, as seems likely, there is

complete dissociation of the toxin protein complex within the blood, then

the reduced size and protein load afforded by administration of purified

neurotoxin may be clinically advantageous. The relative simplicity of the purified

neurotoxin compared to its protein complex will certainly simplify product

characterization and should also improve batch-to-batch reproducibility. In a

study to compare the spread of the toxin from the site of injection, no significant

difference between the spread of purified toxin compared to that of clinical

formulations of the complex toxin was apparent45. As mentioned previously

(see Section 3.1), clinical studies involving purified neurotoxin are currently have

concluded in Europe.

3.7.2 Exploitation of engineered neurotoxin fragments

The neurotoxins of C. botulinum have evolved a powerful array of biological

activities which are essential for their potent neuroparalytic actions (Figure 3.2).

These include highly specific proteases, contained within the light chain of each

neurotoxin, which are inhibitors of calcium-mediated secretion and heavy chain

domains which bind nerve endings with high specificity and affinity. Modern

protein engineering techniques allow these activities to be dissected out and

expressed in discrete protein fragments. These fragments, which lack the toxicity

of the parent molecule, provide a potential platform for a broad range of novel

therapeutic agents.
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Exploitation of the light chain

Each of the botulinum neurotoxins contains within its light chain a highly specific

zinc-dependent endopeptidase activity which acts on a small protein essential to

the neuroexocytosis apparatus. Collectively, the botulinum neurotoxin family act

on just three such proteins: vesicle-associated membrane protein (VAMP, also

called synaptobrevin), synaptosomal protein of 25 kDa (SNAP-25) and syntaxin46.

The various isoforms of these proteins form part of a large family of SNARE

proteins (SNAP receptors) which act in cognate pairs to direct vesicular traffic

within the cell. It is the damage to these proteins caused by the botulinum

neurotoxins which results in the often long-lasting blockade of neurotransmitter

release.

SNARE proteins are widely distributed and drive intracellular vesicular trans-

port and secretion in both neuronal and non-neuronal cells. That several of the

non-neuronal isoforms of VAMP\synaptobrevin and syntaxin are substrates for

Figure 3.2 Structure and action of the botulinum neurotoxins. The figure shows a representation of the

three-dimensional structure of a botulinum neurotoxin. The toxin exerts its neuroparalytic

action via a four-step mechanism. Once in the blood stream, domains within the C-terminal

portion of the toxin heavy chain (HC domain, shown in blue) bind to acceptors on the

pre-synaptic nerve surface. After binding, the toxin is internalized into endosomes from

where it is translocated across the membrane into the cytosol by the translocation domain

(HN domain, shown in green). Once in the cytosol, the light chain (shown in red), which is a

highly specific zinc-dependent protease, cleaves and inactivates an essential component of

the neuroexocytosis apparatus. (For a colour version of this figure, please refer to the colour

insert between pages 26 and 27.)
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the botulinum neurotoxins opens up the possibility of extending their therapeutic

range. It is the specific neuronal targeting properties of the C-terminal heavy chain

region that defines the primarily neuroparalytic activity of the native botulinum

toxins and modification of the targeting property of the native neurotoxins opens

up the possibility of modulating secretion from selected cell populations. A variety

of studies have demonstrated the susceptibility of non-neuronal secretory

processes to the action of the clostridial neurotoxins including: the inhibition of

insulin secretion from insulinoma cell lines47, enzyme secretion from pancreatic

acinar cells48 and glucose uptake from adipocytes49. More recently, constructs

have been designed to enable the targeted delivery of botulinum neurotoxin

fragments to cells. In these constructs, the catalytically active light chain and

translocation (N-terminal portion of the heavy chain) domains are retained while

the C-terminal heavy chain receptor-binding domains are removed and

substituted with alternative targeting ligands. Successful delivery of neurotoxin

fragments and inhibition of secretion has been achieved using both nerve growth

factor and wheat germ agglutinin as targeting ligands to block noradrenaline

release from PC12 cells50. The wheat germ agglutinin construct was also effective

in targeting HIT-T15 cells and blocking the stimulated release of insulin51.

The above research paves the way for the development of a range of constructs

designed to modulate secretion from a designated cell type. For the development

of novel therapeutics to be successful, however, constructs must as far as possible

mimic two key characteristics of the native neurotoxin: potency and longevity of

action. The extremely high potency of the native botulinum neurotoxins allows

very low therapeutic doses of only a few ng to be used and unwanted immune

responses are relatively rare. If the potency of a novel toxin-derived therapeutic

were to be significantly reduced compared to the native toxin, then immune

responses may become problematic as a consequence of the increased doses

required to obtain a therapeutic effect. Longevity of action is also highly desirable

for a therapeutic which is likely to be delivered by injection and, as above, may

reduce the likelihood of adverse immune responses. Provided these issues can be

overcome, retargeted neurotoxin fragments may provide the means of treating

a range of diseases where hyper-secretion is the underlying cause. Existing

programmes of work to develop such therapeutics are described below.

Therapeutics for the treatment of chronic pain

Pain signals arise primarily from the activation of small diameter neurons known

as Ad and C-fibres and which have their cell bodies in the dorsal root ganglia that

lie adjacent to the spinal cord. Signals transmitted from the periphery through

synapses in the spinal cord to the brain lead to the sensation of pain. Severe

chronic and neurogenic pain are poorly treated by existing drugs such as
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morphine, for which tolerance can quickly develop; there is an urgent need for

novel and effective pain therapies.

While the native botulinum neurotoxins are potent inhibitors of neurotrans-

mission from pain-conducting neurons52, they are not selective for these neurons

and block transmission from motor neurons even more efficiently53. The native

neurotoxins, administered by intrathecal injection, are therefore likely to have

poor safety profile as therapeutics for treatment of chronic pain. Recently, a

programme of research has been undertaken to produce neurotoxin-derived drugs

which are selective for the Ad and C-fibres. In these studies, constructs were

produced in which the native neurotoxin receptor-binding domain (Figure 3.2,

shown in blue) was replaced with a lectin from Erythrina cristagalli53. The latter

selectively binds Ad and C-fibres compared to motor neurons and constructs were

shown to block neurotransmitter release from cultures of dorsal root ganglia. Pain

models, in which C-fibre function was assessed by in vivo electrophysiology,

demonstrated these constructs to be effective analgesics53. Further studies are now

required to enable the clinical development of these compounds.

Therapeutics for the treatment of allergy

IgE-induced secretion of various vasoactive amines, prostaglandins and leuko-

trienes from mast cells and basophils is the principle cause of acute allergy.

Inhibition of secretion from these cells may therefore provide a mechanism for

attenuating allergic responses. Early stage research to investigate the efficacy of

IgE-targeted botulinum fragments to block secretion from mast cells and

basophils is presently in progress54.

3.7.3 Exploitation of the heavy chain

The heavy chain of botulinum neurotoxins (shown in green and blue in Figure 3.2)

acts as an efficient neuronal delivery vector for the light chain warhead. Removal

of the light chain renders the remaining fragment non-toxic leaving a potential

neuronal delivery vehicle for drugs/macromolecules. Neuronal binding fragments

derived from the clostridial neurotoxins possess a number of properties that make

them attractive candidates fromwhich to develop a range of novel delivery vectors:

they bind their receptors with high affinity (Kd < 10�9M), they are specific for

neuronal cells, and the targeted receptors are internalized into nerve endings. Also,

since each neurotoxin serotype binds to a different pool of receptors, as a group

they offer access to several distinct neuronal-specific markers. The isolated heavy

chains of the clostridial neurotoxins also contain, in addition to the binding

domain, a translocation domain which may aid the transport of drugs/

macromolecules to the neuronal cytosol. Fragments derived from tetanus toxin

also have an additional property in that they undergo efficient retrograde
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transport from the peripheral to the central nervous system andmay have utility as

vehicles to transport substances across the blood�brain barrier.

A number of studies have demonstrated the usefulness of the clostridial

neurotoxins as neuronal delivery vectors and two strategies have evolved. The first

is the use of the isolated heavy chain or C-terminal HC fragments of the toxin as the

targeting fragment. Studies using diphtheria toxin, in which the natural binding

domain was replaced with tetanus toxin HC fragment, showed the resulting hybrid

to be a potent neuronal specific cytotoxic agent55. The HC fragment of tetanus

toxin has also been shown to be effective at targeting adenovirus56 and condensed

DNA57 to neuronal cells albeit with relatively low efficiency. A construct consisting

of a botulinum type A heavy chain coupled to a dextran has also been proposed as

a potential drug delivery vehicle and shown to deliver fluorescent makers to

neuronal cells58.

A second strategy to exploit the clostridial neurotoxins as delivery vectors is to

use whole toxin in which the light chain has been inactivated by mutagenesis. The

payload is then fused to the inactive light chain portion of this vector. Neuronal

delivery vector based on both botulinum toxin type A and tetanus toxin have been

designed using this strategy59,60. Inactive botulinum neurotoxins have also been

proposed as carriers for oral vaccines by virtue of their ability to cross gut and

airway epithelial layers61,62.

While the clostridial neurotoxins have significant potential for the delivery of

therapeutics to the nervous system, a programme of work with a clear clinical

target has yet to emerge.
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4.1 Introduction

Botulinum toxin (BoNT), the most potent biologic toxin, is a highly effective

therapeutic tool in a variety of neurologic and other disorders. In minute doses

it has the ability to block Ach release and, therefore, has been exploited to relieve

disease symptoms associated withmuscle hyperactivity. Intramuscular injection of

BoNT produces a chemodenervertion at the neuromuscular junction that results

in reversible partial paralysis. While used primarily for conditions characterized

by abnormal, excessive, or inappropriate muscle contractions1,2, BoNT is also

increasingly used in the management of a variety of ophthalmologic, urologic,

gastrointestinal, orthopedic, cosmetic and dermatologic disorders2�4.

As the use of BoNT continues to increase, the antigenicity of BoNT and

development of immunoresistance secondary to blocking antibodies has contin-

ued to be a pressing concern. A certain percentage of patients receiving repeated

injections develop blocking antibodies (immunoresistance) against BoNT (BoNT-

Abs) causing them to be completely resistant to the effects of subsequent BoNT

injections5�12. This is termed secondary resistance. Primary resistance refers to

lack of response to initial BoNT treatment, which is extremely rare, and may be

due to pre-existing BoNT-Abs, possibly as a result of prior immunization against

botulism. The frequency of neutralizing or blocking antibodies (immunoresis-

tance) against BoNT is not known. This lack of information is partly due to a

paucity of well-designed epidemiological studies utilizing appropriate assays to

determine the frequency of blocking antibodies in a prospectively followed

population of BoNT-treated patients. Furthermore, nearly all published data on

secondary resistance to BoNT-A (BOTOX�) is based on studies of the original

Clinical Uses of Botulinum Toxins, eds. Anthony B. Ward and Michael P. Barnes. Published by
Cambridge University Press. � Cambridge University Press 2007.
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preparation of BOTOX�, used until 1998 rather than the currently used

preparation (see below)12. These studies reported the frequency of antibodies to

be as low as 4.3 per cent6 and as high as 10 per cent13. Still unpublished data,

reported only in the labeling information, showed that 33 of 192 (17%) patients

previously treated with the original BOTOX� for cervical dystonia had

BoNT-Abs14. In another study involving 446 patients treated with BoNT-B

(MYOBLOCTM) 18 per cent developed BoNT-Abs after 18months of treatment15.

Some of the more common causes of clinical failure include such factors as

patient selection. For example, although it is estimated that at least 80 per cent of

patients with primary cervical dystonia have a moderate or marked improvement

after BoNT treatment, post traumatic cervical dystonia manifested chiefly by neck

spasms and shoulder elevation without dystonic tremor probably represent

a distinct disorder that is relatively resistant to BoNT injections16. In addition,

inappropriate selection of injection sites, inadequate dose, and decreased potency

due to drug handling and denaturing of the protein can also result in clinical

failure. Furthermore, some patients may have overactivity of muscles that are very

difficult to inject because of inaccessible anatomic location. Also, contractures and

skeletal abnormalities may also limit the efficacy of BoNT. Finally, patients may

have unrealistic expectations, including the anticipation of complete resolution

of the abnormal movements or symptoms after the first injection. For the purposes

of this chapter, we will focus on therapy failure due to immunoresistance.

4.2 Primary resistance

Pre-existing immunoresistance has been postulated as a possible cause of primary

response failure, but this is very unlikely and BoNT-Abs are rare even in patients

surviving botulism. Also, there has been debate as to whether chronic exposure

to BoNT in childhood botulism can produce stable BoNT antibody titers.

Cross-reactivity with other antibodies such as tetanus toxin antibodies have

also been postulated, but could not be detected in control series17. Historically,

neutralizing antibodies have been used for the treatment and prevention of

botulism. While we are not aware of specific instances where primary resistance

was clearly linked to prior immunization to botulism, there may be a subset of

patients in which prior immunization may lead to subsequent resistance to the

therapeutic use of botulinum toxin.

Botulinum toxin type B (BoNT-B) therapy failure due to formation of BoNT

type B antibodies (BoNT-B-Abs) had only been reported in patients with

botulinum toxin type A antibodies (BoNT-A-Abs). However, two patients with

no apparent previous exposure to BoNT have been found to have evidence of

BoNT-B-Abs18. In the first patient, complete therapy failure occurred after a single
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exposure to 14 400 mouse units (MU) BoNT-B (NeuroBlock�). The mouse

diaphragm assay (MDA) revealed a BoNT-B-AB titer in excess of 10mUml�1.

No effect was elicited with doubling the BoNT-B dose. In the second patient, a

single exposure to 7200MU BoNT-B led to a complete therapy failure. MDA

testing revealed a BoNT-B-AB tite in excess of 10mUml�1. Again, doubling the

BoNT-B dose did not elicit any effects. However, application of 180MU BoNT-A

(BOTOX�) produced the original response on three consecutive occasions.

Although BoNT-AB formation can occur after a single exposure to BoNT, this is

highly unusual. Dressler and colleagues19 concluded that since therapy failure

occurred after the first-ever BoNT exposure, short intervals between injections as

well as use of booster injections can be excluded as causes for BoNT-B-AB forma-

tion in both patients and therefore a more likely cause may be the substantially

higher amount of antigenic protein administered with the BoNT-B therapy19.

4.3 Secondary resistance

Secondary resistance, although now quite rare, is still the most likely cause of

treatment failure. By definition, patients who develop secondary resistance have

shown prior clinical response to BoNT, but subsequently lose the benefit.

Although the mechanisms of secondary resistance are now well understood, we

review here the relevant data about the immunology of BoNT.

Clinically used BoNT consists of neurotoxin, the protein responsible for BoNT

toxic or therapeutic effect in combination with a large number of non-toxic

proteins20. All of those proteins are antigens capable of inducing antibody

production. The clinically relevant BoNT-Abs are those that reduce the

therapeutic action of BoNT by interfering with its binding to the presynaptic

membrane receptor, hence the term ‘blocking’ or ‘neutralizing’ antibodies.

4.4 Developing resistance

There are many factors that determine antigenicity of BoNT, including the

amount of complex protein. In contrast to the original BOTOX� (lot 79�11),

which contained 25 ng of neurotoxin complex protein per 100 units, the current

BOTOX� preparation (2024), approved by the FDA in 1997, and utilized

in clinical practice since 1998, contains only 5 ng of the complex protein per

100 units21. The two preparations seem to have similar efficacy and adverse effect

profile12,22�24. The current BOTOX� has been shown to have less antigenicity

than the original preparation when tested in rabbits21. In one multicenter,

retrospective analysis of 191 randomly selected patients with cervical dystonia who

had received at least two consecutive treatments with original BOTOX�, followed
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by at least three consecutive treatments with current BOTOX�, the mean doses of

original and current BOTOX� were comparable (245 and 250 units, respectively).

Using the current BOTOX�, patients were exposed to less neurotoxin complex

protein (�12 ng/250 units) than with the original (�61 ng/245 units) formulation.

Response rate per period averaged 90 per cent for both original and current

BOTOX�. Adverse events of any type were reported by an average of 14.4 per cent

of patients per period receiving original BOTOX� compared to an average of

19.4 per cent of patients per period receiving current BOTOX�. The conclusion of

the study was that the efficacy and safety of current US BOTOX� were comparable

to original BOTOX� in the treatment of cervical dystonia and that the treatment

with current BOTOX� results in lower exposure to neurotoxin complex protein

and may therefore result in reduced antigenicity compared to treatment with

original BOTOX�12.

There is compelling evidence that the lower risk of BoNT-Abs formation with

the current BoNT type A compared to the original BoNT type A (used before

1998) may be attributed to the lower protein load in the current BoNT type A. In a

study comparing the efficacy and immunogenicity of the original and the current

BoNT type A in the treatment of cervical dystonia, 4 of 42 (9.5%) patients

treated with the original BoNT type A developed detectable blocking anti-

bodies, as against none of the 119 patients treated with the current BoNT type A

exclusively12.

The appearance of BoNT-Abs responses is closely linked to duration of

treatment and frequency. Greene et al.6 found that BoNT resistant patients had a

shorter interval between injections, more ‘boosters,’ as well as a higher dose at the

‘non-booster’ injection as compared to non-resistant patients treated during the

same period. Thus clinicians are warned against using booster injections and are

encouraged to extend the interval between treatments as long as possible, certainly

at least 2 months, and to use the smallest possible doses. We and others have

observed that typically if immunoresistance does develop, it tends to occur within

the first 1�4 years of treatment, and BoNT-AB formation seems less likely after

this treatment period.

In addition to the quantity of antigens, the quality of antigens can affect the

immunogenic properties of a protein. Important determinants of these properties

include:

(1) the presence of foreign proteins, whose role is to enhance the immune

response or act as adjuvants, without affecting its efficacy;

(2) such intrinsic properties, as size, shape or subunits of the proteins;

(3) the presence of denatured antigen, given that denaturation of proteins causes

various degrees of conformational changes and may change the regions that

are recognized by the immune system;

48 B. Anyanwu, P. A. Hanna and J. Jankovic



(4) the presence of polymerized antigens as these may enhance the immuno-

genicity of small proteins; and

(5) changes of the covalent structure which often can drastically alter the

antigenic properties of proteins, as in cleavage of disulfide bonds, in certain

proteins25.

Unnicked or ‘nonactivated,’ single chain, neurotoxin may also contribute to the

overall neurotoxin protein load without contributing to the therapeutic efficacy of

the BoNT. In this regard, it is notable that BoNT-A (and BoNT-F) are released in

the nicked form whereas the nicking in BoNT-B is more variable depending on the

strain and preparation.

Besides overall protein load, another factor that may contribute to the

development of antibodies is serum cross-reactivity between different BoNT

serotypes. Although traditionally considered immunologically distinct, the

different BoNT serotypes share a remarkable homology in the various epitopes26.

Epitopes are small (6�8 amino acid residues) components of the protein that have

distinct boundaries, occupy surface locations and are limited in number. The

antibody response to each epitope is under separate genetic control and therefore

varies with the host. T-cells, under H-2 gene control (explain H-2, etc.), also

recognize the epitopes recognized by antibodies, but may in addition recognize

other sites to which antibodies have not been mounted. Because of the marked

homology (in some cases involving up to 13 residues), there is a strong possibility

that BoNT-Abs directed against one type of BoNT can also cross-react and cross-

neutralize other BoNT serotypes.

Previous studies have shown that in a set of homologous proteins, the regions

of immune recognition occur at structurally equivalent locations27. For instance

the tetanus toxin and BoNT-Abs show extensive homology26 and, therefore, it is

expected that these proteins would show significant immunological cross-

reactivity. Certain serotypes of BoNT, such as A, B, C1, and E, can cross react

with tetanus toxin28. While there is no evidence that immunization against tetanus

increases the risk of BoNT-Abs, cross-reactivity with tetanus has been offered

as a possible explanation for the detection of BoNT-B antibodies in rare

individuals even without exposure to BoNT-B29,30. Mice treated with BoNT-A

fragments develop antibodies that cross-reacted with other serotypes31. In one

study, patients with spasticity who received BoNT-A produced measurable titers

of antibodies against several other serotypes29. Further studies are needed to

determine whether immunoresistance to one type of BoNT increases the risk

of developing blocking antibodies to another type of BoNT, but the practice of

alternating between two different BoNT serotypes suggested by somemay increase

the risk of immunoresistance to both. Finally, it should be noted that there are

many other factors, besides protein antigenicity and protein load, such as the
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patient’s immunologic status, that play a role in determining whether a patient

develops blocking antibodies or not.

4.5 Detecting antibodies

Several in-vitro as well as in-vivo techniques have been developed to detect BoNT

antibodies, but the in vivo mouse protection assay (MPA) is considered the ‘gold

standard’ for detecting neutralizing (blocking) antibodies32. This assay evaluates

the ability of increasing dilutions of a patient’s serum to protect experimental mice

from lethal test doses of BoNT. Four Swiss Webster mice are injected

intraperitoneally with a mixture of lethal dose of BoNT and patient’s test

serum. If at least three of the four mice die, this indicates absence of blocking

antibodies. The presence of antibodies in the test serum is indicated if there are no

deaths or only one mouse dies, suggesting that the mice were protected by

blocking antibodies in the patient’s serum. Using the MPA assay, we compared 22

randomly selected BoNT antibody negative patients with 20 patients who were

immunoresistant and found that the resistant patients had an earlier age at onset

(mean age: 31.8+ 16.7 vs. 43.4+ 10.5; P< 0.05), higher mean dose per visit

(249.2+ 32.5 vs. 180.8+ 68.7, P< 0.0005), and higher total cumulative dose

(mean dose: 1709+ 638 vs. 1066+ 938; P< 0.01).

Another assay for BoNT-AB is the mouse protection assay of the diaphragm

(MPDA), also referred to as the mouse diaphragm assay (MDA)33. In the MDA

assay, the left phrenic nerve and the left hemi diaphragm are excised from amouse

and placed in an organ bath33. The phrenic nerve is then stimulated and isometric

contractions are recorded with a force transducer. The time required for reduction

of the twitch amplitude by 50 per cent is called ‘paralysis time’. If the paralysis

time is outside of 2 standard deviations of the mean paralysis time of the control

population the test result is considered positive. The MDA has a potential

advantage over the MPA in that it requires only one mouse per sample tested, and

the results can be available within hours. The concordance between the MPA and

theMDA, however, is only 63 per cent and further studies are needed to determine

the relative sensitivity and specificity of the MDA assay.

The clinical utility of in-vitro assays such as the western blot assay (WBA) and

patient-based clinical tests such as the frontalis-type A test (F-TAT) or unilateral

brow injection (UBI) in the detection of BoNT-AB has been studied extensively.

Some of these assays apart from utilizing in vitro rather than in vivo techniques

may have an advantage over the MPA as they appear to be more sensitive.

We compared the MPA assay to the Western blot assay (WBA) in detecting

antibodies (Ab) against BoNT-B and correlated the assay results with clinical

responses to BoNT-A injections10. MPA and WBA were compared in 51 patients
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(34 non-responders and 17 responders) who received BoNT-A injections, mainly

for cervical dystonia. A subset of patients received a test injection into either the

right brow (14) or right frontalis, the frontalis-type A test (F-TAT) (12). In this test

15 U of BoNT-A is administered as two doses of 7.5U each into the right frontalis

muscle. The patient is considered to be type A resistant if they were able to wrinkle

both right and left frontalis muscles symmetrically (type-A responsive patient

cannot wrinkle the injected right frontalis muscle). Patients who are resistant to

BoNT and are injected into the right brow frown symmetrically, whereas res-

ponsive patients frown asymmetrically by contracting only the left corrugator/

procerus muscle. We prefer injecting the right brow (unilateral brow injection or

‘UBI’) rather than the frontalis muscle (F-TAT) since some patients have difficulty

voluntarily raising their brows and thus their response to a frontalis injection is

difficult to determine. Furthermore, the brow injections are more cosmetically

acceptable in that the asymmetric responses are present only during voluntary

contractions whereas unilateral disappearance of frontal wrinkles may not be

desirable. In the UBI test, 20 units of BOTOX� or 1000 units of MYOBLOCTM is

injected, by convention, into the right eyebrow. One or two weeks later the patient

is instructed to look in the mirror and frown. If the medial eyebrows contract

symmetrically this would indicate that the right medial eyebrowmuscles (procerus

and corrugator) were not paralyzed, thus suggesting immunoresistance. On the

other hand, asymmetrical frown indicates unilateral medial brow paralysis, hence

no blocking antibodies (Figure 4.1).

The specificity of the MPA was 100 per cent on all three parameters (clinical,

eyebrow and frontalis injections) while the WBA specificity was only 71 per cent

for clinical response but 100 per cent for both eyebrow and frontalis responses.

Sensitivities for both assays were low (33�53%). Of the 16 patients previously

antibody positive by MPA, seven became negative on retesting after a mean

interval of 33 months (range, 6�93 months). We concluded that UBI and F-TAT

correlated well withMPA results and with clinical responses andmay have a utility

in the evaluation of BoNT non-responders.

Other methods of antibody detection such as the immunoprecipitation assay

(IPA), which quantitatively assesses the degree of immunoresistance34 has been

shown to be more sensitive than MPA and may have a predictive value in

determining impending or future unresponsiveness11. In a study comparing the

IPA and MPA for the detection of BoNT-Abs, we found that both assays had

high specificity although the sensitivity of IPA was higher than MPA (the

sensitivity for the MPA was low; 50 per cent for clinical, 38 per cent for eyebrow

and 30 per cent for frontalis responses while the IPA sensitivity was much higher

at 84 per cent for clinical (P< 0.001), 77 per cent for eyebrow (P¼ 0.111, NS)

and 90 per cent for frontalis responses (P< 0.02). Additionally, IPA seems to
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display positivity earlier than the MPA and could prognosticate future non-

responsiveness. Eyebrow and frontalis ‘test’ injections also correlated well with

clinical and immunological results and are therefore useful in the assessment of

BoNT non-responders11.

In addition to such patient based testing such as the F-TAT and UBI, the

extensor digitorum brevis test (EDB test) as well as the sternocleidomastoid test

(SCM test) has also been utilized for BoNT-AB detection. In the SCM test,

measurement of isometric activation before and after BoNT application is made35.

Dressler et al. found that a reduction of maximal voluntary contraction as

measured by EMG of the sternocleidomastoid muscle more than 2 standard

deviations below non-disease control values correlated well with BoNT-AB status

as measured by the MDA assay. The EDB test employs similar monitoring of

motor functioning36. The compound muscle action potentials (CMAPS) elicited

by electric stimulation of the peroneal nerve before, and a few weeks after,

injection of the EDB muscle with BoNT are compared. In patients who are

serologically antibody negative, a marked decrease (usually about 50 per cent) in

CMAP can be detected in the injected EDB. The test therefore provides a simple

quantitative method of detecting resistance to BoNT, with a sensitivity

approaching 80 per cent and specificity of nearly 94 per cent.

Another way to test for BoNT immunoresistance is by taking advantage of the

observation that BoNT inhibits sweating. Using iodine starch staining and

Figure 4.1 Clinical test for BoNT responsiveness unilateral brow injection (UBI) or frontalis type A toxin

or (F-TAT) injection.
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quantified used capacitance hygrometry, this sudometric technique shows that

sweating persists in BoNT non-responders after subcutaneous injection of 12.5 U

of BoNT-A, whereas this dose quite reliably inhibits sweating in control

responders37. Unfortunately standardization of this test has been difficult.

Besides WBA and IPA, there are other in-vitro assays, including the SLIDA38,

enzyme-linked immunosorbent assay (ELISA)39, and a monoclonal antibody-

based immunoassay40, that have been reported to detect BoNT-Abs. However, the

presence or absence of antibodies measured by these assays do not correlate well

with the observed clinical response.

Dot blot is another in-vitro assay that evaluates patient serum sample for its

ability to bind to non-denatured BoNT immobilized on a nitrocellulose

membrane in a 96-well format21. Strips of nitrocellulose membrane containing

duplicate ‘dots’ of BoNT and appropriate controls are incubated overnight with

the diluted sera at 4�C. Standard immunochemical methods are used to visualize

captured human immunoglobulins on the nitrocellulose membrane. Positive

samples (color development) are then tested with serial dilutions beginning from

1/300 to estimate an antibody titer.

Recently, studies with such primary cell cultures as rat embryonic spinal cord

cells have proven to substantially increase the sensitivity of assaying for BoNT-Abs

and are capable of detecting as low titers as 2�10mUml�1. These tests utilize the

ability of antisera capable of neutralizing endopeptidase, as well as translocating

and cell binding of the toxin, with sensitivity better than the MPA41.

4.6 Overcoming resistance

A subset of patients who develop BoNT-Abs later become BoNT-AB negative after

an average of 30 months (range: 10�78)42. When these BoNT-AB negative

patients are re-injected with BoNT-A they usually benefit with a response

comparable to their earlier experience. Most, however, lose their clinical response

to subsequent injections and when re-tested are found to be antibody positive

again. In another study using MDA, Dressler et al.33 estimated the onset of

decrease in antibody titer to occur about 2�5 years after the last injection, with the

average estimated latency to non-detectable levels of 2000 days (5.6 years). This is

substantially longer than the estimated duration found in the study by Sankhla

et al.42 and the one-year latency estimated from immunization experiments with

pentavalent botulinum toxoid43. The difference could be possibly due to the

higher doses of BoNT per session (546U) used by Dressler, and high sensitivity of

the MDA.

BoNT-A resistant patients usually benefit from injections with other serotypes

of BoNT, such as BoNT-B, BoNT-C or BoNT-F44�52. A combination of BoNT-A

53 Botulinum toxin: primary and secondary resistance



and BoNT-F used in a double-blind controlled trial of blepharospasm produced

no prolongation of the beneficial effect53. A recent study46 demonstrated a high

antigenicity of BoNT-B using novel mouse protection assay.

Besides using a different serotype, some investigators have suggested that

plasma exchange and immunoabsorption on a protein A column provides an

alternative therapy for these secondary non-responders54. Furthermore, intrave-

nous immunoglobulin and other methods have been used, largely unsuccessfully,

to deplete the BoNT-A antibodies55. Finally, mycophenolate, an immunosup-

pressant commonly used to prevent transplant organ rejection, at 750mg twice a

day starting 48 hours before BoNT treatment and continuing for 10 days, has been

reported anecdotally to possibly prevent BoNT antibody formation56.

Prevention of immunoresistance, by using preparations of BoNT with the

lowest possible antigenicity and by keeping the dose per treatment session as low as

possible and the inter-dose interval as long as possible (particularly in young

women), is of paramount importance in maintaining the beneficial response to

this most effective treatment.
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5

Introduction to botulinum toxin in
clinical practice

Anthony B. Ward
North Staffordshire Rehabilitation Centre, Stoke-on-Trent, UK

5.1 Introduction

This section introduces the use of botulinum toxin (BoNT) in clinical practice.

It will address aspects that are common to the drug’s application in all the

conditions described later in the book and will cover the following.

• Botulinum Toxin Serotypes

� practical differences

� dosage differences

• Commercial Production

• Indications and Licensing

• Storage Issues

• Injection Techniques

� patient preparation

� dilution

� target organ location

– – electromyography

– – nerve/muscle stimulation

– – ultrasound

– – other imaging

� disposal

� repeated injections

• Side effects

• Safety and Adverse Events

• Helpful Hints

• Training Issues

Clinical Uses of Botulinum Toxins, eds. Anthony B. Ward and Michael P. Barnes. Published by
Cambridge University Press. � Cambridge University Press 2007.
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5.2 Botulinum toxin serotypes

Chapter 2 has given details of botulinum toxin subtypes. Research continues

to identify further subtypes and to determine the possibility of new commercially

available products, but commercial production is limited to three drugs of type A

and one of type B. BoNT-A is marketed as BOTOX�, which is produced in the

USA and Ireland by Allergan, a global company based in California, USA

and as Dysport�, which is produced in the United Kingdom by Ipsen Ltd,

an Anglo-French company based in England. Recently, Merz in Germany have

marketed a type A toxin free of complexing proteins, called Xeomin (see end of

chapter). There is a Chinese-produced BoNT-A, of which little is known of its

characteristics, production or of its safety record. BoNT-B is produced in the USA

by Elan, again of California and is marketed as MyoblocTM in the USA and as

Neurobloc in Europe. Differences in their applications exist and the different

nature of their production accounts for this1.

Table 5.1, shows how the different preparations behave differently and this is

best seen in their diffusion characteristics. Most is known about the diffusion

of BoNT through muscles. It spreads through tissue planes and can cross

about 4�5 sarcomeres to reach the neuromuscular junctions.While BOTOX� and

Dysport� both utilize pre-synaptic nerve terminal cytoplasmic SNAP25 to be

transported to the synaptic vesicle membranes, their uptake is different and the

amount of neurotoxin protein and the optimal working pH are thought to be

important2. In addition, the spread to distant sites may also be different, but this

has still to be determined accurately3.

There is quite a difference in patients’ response to doses of BoNT and more

than one injection may be required to find the optimal dose for that person.

Table 5.1. Characteristics of commercially-produced toxins

BOTOX� Dysport�
MyoblocTM/

NeuroblocTM

Serotype A A B

Complex molecular weighta 900 kDa �900 kDa 700 kDa

Package (units) 100 500 2500, 5000, 10 000

Neurotoxin protein per vial (ng) �5 12.5 25, 50, 100

Form Vacuum-dried Lypholized Solution

pH �7 �7 5.6

Manufacturer Allergan (US) Ipsen (UK) Elan (US)

Year of approval 1989 1991 2000

aThe largest complex for type B is 500 kDa, whereas that for type A is 900 kDa.
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The responsiveness to BoNT can be grossly predicted by an injection of a small

amount of succinylcholine into a muscle4. This produces weakness for a few

hours; however, it does not predict the optimal dose and it is probably easier and

more informative just to give the BoNT.

Bioassay methods have resulted in different units, as can be seen from Table 5.2

and these are based on the lethality of intra-peritoneal injections of the toxin into

a population of Swiss-Webster mice2. One unit or mouse-unit is sufficient to

kill 50 per cent of these mice (LD50). The companies have not been able to find

consistent results between their products and, as a result, attempts have beenmade

to find a standardized dose. This too has not been successful to date. The bioassay

differences may also reflect the activity of the different species used in the

production of BoNT-A.

Several attempts have been made to find a conversion ratio between the

products and this too has caused considerable controversy. There is no concrete

data to support a conversion ratio and fairly wild variations have been proposed.

Magar’s study5 has plenty of inaccuracies, but has shown some subjective

relationship between BOTOX� and Dysport�. He and his colleagues took 29

patients with cervical dystonia and blepharospasm, who had been stabilized on

Dysport� for a minimum of 2 years. They then switched them to BOTOX� and

carried out a further 456 injections. This retrospective study then looked at the

dose given to gain an equivalent clinical effect. Although this was open labelled and

did not produce data for objective equivalence, the investigators were experienced

enough in the expected response from BoNT treatment to have a fairly good idea

of what constituted an equivalent effect from injections. Certainly, there were no

significant differences between treatment frequencies, which would be expected.

Their conclusion was that:

• There is a wide range of dose ratios between BOTOX� and Dysport�

• More than 80 per cent of patients utilized a ratio of 4 : 1 or more

• There is no fixed dose ratio between BOTOX� and Dysport� and that

differences even occur within different muscles within the same patient.

Figures 5.1 to 5.4 show this effect more clearly.

Table 5.2. Characteristic dosages of BoNTs

BOTOX� Dysport� MyoblocTM /NeuroblocTM

Maximal dose per visit 400�600U 1200�1500U 25 000

Maximal dose per injection site 50U 150U 4000

Typical doses

Cervical dystonia 100�200 350�700 7500�12 000

Spasticity 180�400 500�1200 10 000�25 000
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It is important to state that there is no fixed dose ratio between the two BoNT-

As, as this will prevent a lot of potential confusion. It is much better to learn the

expected effect of one particular preparation in a patient and base treatment on

proper experiences. There is also potential confusion for inexperienced doctors,

when switching from one product to another. First, it is important to recognize

that the products have different doses and then upon what ratio should the dose be

calculated? Most people work on the basis of about 4�5 Dysport� to 1 BOTOX�

and to 50Myo/Neurobloc. The report approved by the Royal College of Physicians

Figure 5.1 Distribution of mean ratio blepharospasm and cervical dystonia.

Figure 5.2 Mean dose per injection blepharospasm and cervical dystonia.
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of London Clinical Effectiveness and Evaluation Unit on ‘The Management of

Adults with Spasticity � Guidelines for the Use of Botulinum Toxin Type A’ has

an appendix giving the doses of BOTOX� and Dysport� and used a comparator of

about 4 : 1, but this is for adults with spasticity. Little is known about the dosage

requirements and differences between preparations for non-neurological indica-

tions. All the companies have posted data on their recommended dosages. Those

of BOTOX� and NeuroblocTM have been posted on the webpage of the American

organization for people with movement disorders, WeMove6. For the sake of

convenience, however, Odergren’s ratio of 3�5 Dysport� units to 1 of BOTOX�

(calculated usually at 4 : 1) and 50 : 1 for MyoblocTM/NeuroblocTM BOTOX�7.

Standard dosage ranges are also well-documented and examples are given in

Chapter 8 for spasticity.

5.3 Commercial production

This has already been addressed, but the companies have perhaps to a greater

degree than those for other drugs been very supportive in the training of medical

staff and physiotherapists. The botulinum toxin that comes for clinical practice

is very different from the naturally found product. It is highly purified and

produced to stringent biological standards. BoNT is not cheap, but its effect lasts

for several months and the cost can equate to about £1 ($1.40) per day. Put like

that, it is not so expensive, as many drugs are of this order of cost. Because it is not

cheap, it should only be used when there is clear benefit, but it has no rival

Figure 5.3 Open label patient flow chart.
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Figure 5.4 Safety and diffusion margins for BOTOX�, Dysport� and Myo/Neurobloc.
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Table 5.3. Study of selected use in 4100 conditions

Indication for use

Class of evidence for use

A B C D

Focal dystonia Blepharospasma,b Y

Cervical dystoniaa,b,c Y Y

Foot dystonia Y

Meig’s Syndrome Y

Occupational m. dystoniaa Y

Oromandibular dystonia Y

Spasmodic dysphonia Y

Writer’s cramp

Hemifacial spasma,b Y

Tremor Essential tremor Y

Palatal tremor Y

Spasticity Cerebral palsya Y

Upper limba Multiple sclerosis Y

Lower limba Strokea Y

Spinal cord injury Y

Traumatic brain injury Y

Autonomic disorders

(secretory)

Focal hyperhidrosisa Y

Gustatory sweating Y

Sialorrhoea Y

Excess lacrimation Y

Urological Bladder hyper-reflexia Y

DSD Y

Vaginismus Y

Urethral Syndrome Y

Cranial nerve disorders incl.

ophthalmic indications

Strabismusa,b Y

Sixth N (Abducens) palsy Y

Facial nerve disorders Y

Nystagmus and oscillopsia Y

Pain Migraine Y

Tension headache Y

Spinal pain (neck and back) Y

Muscle spasm Y

Myofascial Pain Syndrome Y

Fibromyalgia Y

Gastrointestinal disorders Achalasia Y

Oesophageal reflux Y

Sphincter of Oddi spasm Y

Anal fissure Y



as treatment for certain conditions. For this reason, it has been well-regarded in

many clinical conditions and the range is described later in the book. Rather than

looking solely at its cost, it should be remembered that the alternative treatments

may also have a significant economic and human cost. For instance, the cost of

300U BoNT (plus syringes, etc.) given for adductor spasticity may come to about

£450 ($720). In contrast, a bilateral obturator nerve block with 6 per cent phenol in

aqueous solutionmay achieve a similar result at a fraction of the price for the drug.

The treatment may, however, take over an hour of specialist time to do and this

and the higher incidence of adverse effects starts to equate the costs quite well.

When phenol is injected into nerves with a sensory component, there is a real

chance of inducing a painful dysaesthesia, which would require at least six weeks of

Table 5.3. (Cont.)

Indication for use

Class of evidence for use

A B C D

Constipation Y

Anismus Y

Cosmetic Wrinkles � glabellar linesb Y

Brow furrow Y

Focal hyperhidrosisa Y

Myokymia Y

Other Bruxism and other TMJ disorders Y

Rigidity Y

Tics � Gilles de la Tourette Syndrome Y

Stiff Person Syndrome Y

aIndicates a licence within a European Union member state.
bIndicates approval for BOTOX� by the US Federal Drug and Food Administration.
cIndicates approval for MyoblocTM by the US Federal Drug and Food Administration.

Table 5.4. Characteristics of the commercial preparations of BoNT

BOTOX� Dysport� NeuroblocTM

Serotype A A B

Complex MW 900 kDa �9000 kDa 700 kDa

Package(units) 100 500 2500/5000/10 000

Neurotoxin protein per vial (ng) �5 12.5 25/50/100

Form Vacuum dried Lypholized Solution

pH �7 �7 5.6

First year of approval 1989 1991 2000
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gabapentin treatment to reduce symptoms. The cost of gabapentin would certainly

equate to a very great cost of the order of magnitude of the BoNT itself.

There is now a well-established line of toxin production and the clinical

experience is of a consistent patient response to the drug. Access to the drug

depends very much on the health care system differences between countries.

Reimbursement is established in most developed countries, but depends on the

indication. Similarly, state health systems have funded the drug, but there are

concerns that its wider availability for other indications will result in a further

pressure on drug budgets. There is thus a sentiment that health services will fund

the drug, where clear functional benefits are seen and where there is well-audited

use of the drug by services. Cost-effectiveness therefore becomes an important

issue for BoNT in contrast to other drugs used in medical practice.

5.4 Indications and licensing

BoNT has a wide number of indications, which are listed below. The history of the

product has already been described, but it is a truly remarkable drug. Wherever

acetylcholine exists, there is an opportunity for its function to be blocked by

BoNT. As a result, there are many potential indications, but the task now is to

identify where its use can be justified on clinical and pharmaco-economic

grounds. There is no doubt, for instance, that it relieves acute muscle spasm in

back pain, but can one justify its use for a transient self-limiting episode, when

cheaper, well-proven and easier to administer alternatives exist, such as simple

analgesics? On the other hand, its use in chronic conditions may be more

straightforward, particularly if the cost and tolerance/safety profile of the

alternatives are significant. Therefore, this book will look at the role of BoNT in

the pharmacological armamentarium of these conditions.

Similarly, BoNT has a number of licences under its commercial preparations.

Europe is perhaps a little in advance of the USA in this respect, which may reflect

a different approach to the collection of evidence and justification for general use.

Nevertheless, BoNT is widely used in clinical practice for licensed and non-

licensed indications and there is a sufficiently wide experience of the drug, that

physicians and surgeons could claim protection by the body of professional

opinion in its efficacy. It should be noted, however, that practice should follow any

guidelines that may exist8.

5.5 Storage issues

The presentation of BoNT is now very straightforward and gone are the days when

clinicians would have to don gowns, gloves, masks and goggles to dilute the pure
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toxin to therapeutic concentrations. The three purified commercial preparations

are now presented as standardized dose vials and their storage is given on the

datasheets.

These are:

BOTOX� Comes as a freeze-dried 100U/vial

Storage between 4�5�C in refrigerator

Use preparation within 6 hours of dilution

Dysport� Comes as a powder for dilution with 2.5ml normal saline.

500mU/vial.

Storage between 4�5�C in refrigerator

Use preparation within 4 hours of dilution

MyoblocTM NeuroblocTM/MyoblocTM comes as a a ready-to-use liquid

formulation, that does not require reconstitution and is available

in three convenient vial configurations of 2500Units in 0.5mL,

5000 Units in 1.0mL; and 10 000Units in 2.0mL 2500U/vial.

NeuroblocTM Storage at room temperature

The storage differences exist because the preparations are not the same.

Different strains of C. botulinum are used in manufacture and different

methodologies are undertaken to purify and formulate the drugs. It is also

noted that the immunogenic load of BOTOX� is significantly less than the other

types, but its clinical significance is unclear.

Once diluted, the preparations should be used within the above time frames,

but all are remarkably resilient drugs. Their re-use has been shown to be still

potent 24 hours after dilution9.

5.6 Injection techniques

This section is a practical approach to injecting BoNT.

5.6.1 Drawing up

(1) BOTOX� and Dysport� come in standard vials of 100U and 500mU

respectively and require dilution with normal saline. The section below

discusses dilution characteristics more fully. There is a negative vacuum which

draws in the diluent. NeuroblocTM/MyoblocTM presents already diluted and

simply requires drawing up. Always add a slightly larger volume of saline than

intended (e.g. add 1.1ml for a 1ml, 2.2 for 2ml or 5.3ml for a 5ml dilution),

as the BoNT has a tendency to stick to the glass vial. This may create a situation

where there may be less volume than expected and would be important, for

instance, where the volume obtained in the syringe for a 2ml dilution was only

1.85ml. If one wished to inject 40U BOTOX� (0.8ml) into the flexor
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digitorum profundus muscle, 40U (0.8ml) into the flexor digitorum super-

ficialis muscle and 20U (0.4ml) into the flexor pollicis longus muscle,

one may find that there would only be 0.25ml available for the latter muscle.

Therefore, injecting slightly more saline than required would allow a full 2ml

of BoNT and all the target organs would receive the correct volume and any

errors would thus be ‘diluted’.

(2) Do not shake the BOTOX� and Dysport� vials, as vigorous shaking has the

potential to denature the neurotoxin protein. Simply roll the vial between your

fingers and the toxin dissolves easily.

(3) The easiest way to draw up the contents is to separate the needle from the

syringe after inserting it into the vial and this will equalize the pressures. Then

carefully draw up the full contents of the vial.

(4) Always be tidy and well-organized to avoid the risk of discarding a full or half-

full vial. Clinicians use multiple vials and may not use their complete contents.

Vials can be used for more than one patient and there is a potential for

inefficient use of resources. I have seen on two occasions when full vials were

thrown away by accident.

5.6.2 Dilution

The effects of dilution have been thought to be important for some time,

but Gracies et al. have highlighted this8. They set out to verify the effects of

dilution and endplate targeting in a controlled study in patients with spasticity,

utilizing previously histologically mapped endplates in human biceps brachii10.

As optimal dilutions were unknown and injection techniques varied in the

treatment of spasticity, this was the first paper to produce some hard data.

Previous studies in animal and in small human muscles in healthy volunteers had

shown a correlation between the degree of muscle paralysis after BoNT injection

and injected volume11,12. Animal studies had also shown a greater block by BoNT

when the drug was injected near the motor endplates9,11,13.

This is the first double-blind evidence that:

• injecting biceps brachii muscle with BoNT type A in spasticity with a high-

volume/low potency dilution (20U/ml, i.e. 5ml per vial of BoNT-A) provides

significantly greater neuromuscular block and spasticity reduction than with

a low-volume/high-potency dilution (100U/ml, i.e. 1ml per vial);

• an endplate targeting technique achieves greater blocking effects than random

injection.

It was postulated that differential changes in elbow extensor co-contraction

during isometric flexor efforts might contribute to this discrepancy, but the

conclusion is that a high dilution (e.g. 20U/ml) is used for injecting larger

muscles (such as those in the lower limb or in upper limb muscles above
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the elbow), we recommend using high dilution, particularly when the primary

goal is to improve passive function.

5.6.3 Patient preparation

BoNT is safe and patient information literature should make this clear.

Intramuscular injections are a common way of delivering this treatment

and most will be carried out by physicians as an outpatient or ambulatory

procedure. Most patients will not need any special preparation, but those

requiring sedation or anaesthesia (such as for gastrointestinal procedures, those

unable to tolerate injections, etc.) will need to be prepared as for any other minor

procedure.

The subject of obtaining a signed patient consent form is contentious, for it

could be argued that the very appearance of the patient at the clinic for a simple

outpatient procedure without sedation implies consent. It is probably wise,

however, to obtain written consent, as this will allow the clinician to go through

the benefits and risks of the procedure. Good medical practice would do

this anyway, but a signed consent form only partially protects a doctor in any

event. Explaining the possibility of, albeit infrequent, side effects, such as

dysphagia, or mild transient weakness and myalgia will maintain patient

confidence.

Patients should take an active part in deciding the goals of their treatment.

They should therefore know the expected outcome of treatment and that BoNT

only treats the neurogenic problem and not the biomechanical one. It is an adjunct

to other treatments, such as physical treatment in spasticity. It takes about 1�4

days to see any change after the injection and that recurrent injections may

unusually result in non-response (see below). Patients with spasticity should

therefore be set up in a rehabilitation programme in conjunction with the

injection, so that they can gain most benefit. Patients should also be told that the

treatment itself lasts for some 3 to 4 months, but that its effects are completely

reversible. In some conditions, this may be longer and the secretory disorders

anecdotally seem to demonstrate this.

The procedure requires accurate placement of the injection into the target organ

and it is therefore important for both the patient and the injector to be

comfortable. Patients should be warned that injections of some less accessible

muscles may take some time and that injecting some muscles may be more painful

than others. Since the skin of the hand and feet is more sensitive, the small intrinsic

muscles should be injected first, when the EMG needle is sharpest. The injector will

require assistance to draw up the BoNT and to position the patient, as many will

be significantly disabled.
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Some practices are set up to inject patients on a different occasion from

the assessment process. This has the major disadvantage that the patient has to

attend twice for treatment and that more medical and nursing time will be used.

To offset this, the amount of BoNT consumed will be lessened, as an injection

session can match patients’ requirements, so that little or no BoNT is wasted

unused. For instance, a patient requiring 220U BOTOX� can be matched

with another patient requiring 180U and 400U can be ordered. Patient discus-

sion takes place in the clinic and the injection sessions focus purely on the

procedure itself, thus making for a smooth process. In this way also, the

nurses can assist heavily dependent patients in getting on and off the bed,

preparing for the injection, etc., while the injector can be getting on with injecting

patients.

5.6.4 Target organ location

It is right that clinicians should learn how to achieve accurate placement of the

injection. If an accurate diagnosis has been made and the patient has been

prepared for a specific treatment, then he or she needs to know that the technical

aspects of the injection have been correctly addressed. A number of techniques

exist and Table 5.5 gives some of the advantages and disadvantages. Whichever is

used depends on the expertise and training of the injector, on the facilities

available and on the patient throughput.

There is no evidence for one technique over another and there has been one

report of no advantage over an EMG technique over a blind approach14. However,

it is probably difficult to defend a purely blind approach to injecting small muscles

in the hope that BoNT diffusion will give a therapeutic effect. There has to date

also been no hard evidence that accurate placement of the needle allows a decrease

in the dose amount of BoNT given, but Gracies et al. supports the common sense

view, which suggests that the closer the injection to the motor point, the better the

uptake and the better the blocking8. A trial of different treatment doses would

therefore be the next logical step.

The difficulty is that injecting small muscles with high volume low potency

dilutions may give rise to nociceptive feedback and will be painful. My own

personal recommendation is to restrict these larger volumes to upper armmuscles

(pectoralis major, deltoid, triceps, biceps brachii and brachialis muscles), hip and

thigh muscles (hip and knee flexors and extensors) and gastrocnemius and soleus

muscles. For the others a 2ml dilution is recommended. When injecting the

bladder or oesophageal muscle, a 1ml dilution is suggested and a 0.5ml per 100U

BOTOX� allows for any dilution by salivary or exocrine glands. These are

purely personal preferences and are not based on hard evidence.
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Table 5.5. Techniques for muscle location

Technique Advantages Disadvantages

Electromyography • Allows good assessment

of muscle activity in

neurological disorders

• Reasonably accurate

needle placement when

organ function persist

• Simple cheap EMG

amplifiers available

• Does not greatly help

needle placement when

there is no residual organ

function, although there

are a number of techniques

to assist accuracy.

• Sometimes painful

• Difficult if muscle greatly

wasted

Nerve/muscle

stimulation

• Accurate method to

locate muscle and to

ascertain muscle

function, particularly in

the presence of absent

volitional activity

• Simple cheap

nerve/muscle stimulators

available

• Need to locate motor

points to achieve good

stimulation.

• May be painful, if stimulus

increased.

• Difficult if muscle greatly

wasted

Ultrasound • Accurate method to

locate muscle

• Non-invasive

• Need ultrasonographer/

radiologist expertise at examination,

which increases technical

logistics and procedure cost

• Cost of ultrasound

machine

• No information on muscle

activity

Other imaging • CT gives accurate needle

placement

• Cannot justify CT

radiation level

• MR not recommended for

needle placement

None • Cheap and easy, if

injector knows relative

anatomy and surface

anatomy

• Justified in large, easily

identified upper arm and

leg muscles

• Not accurate for locating

small muscles, even in

skilled hands

• Potential waste/misuse of

BoNT
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Ultrasonography has considerable advantages in that it is non-invasive and

highly accurate once the technique has been learnt. However, most clinicians use

imaging personnel to assist them and thus the procedure becomes expensive

and requires a formal approach, lest it becomes difficult to organize. To acquire

good accurate images requires adequate equipment, which further increases

the cost15.

5.6.5 Disposal

Disposal of BoNT is the same as for all other biologic products. It is a safe product

and contamination by a used vial is most unlikely to cause a public health

problem. Nonetheless, disposal through the hospital contamination and ‘sharps’

system is advised.

5.7 Repeated injections

Chapter 2 has dealt with this topic to a large extent, but clinicians need

to appreciate the reversibility of BoNT. The drug has such a variety of uses

that its combined clinical characteristics cannot be described adequately.

Its use in cervical dystonia is to relax muscles for the period of its activity

and further injections are required. It has similar characteristics in secretory

disorders, such as focal hyperhidrosis, where the condition starts to return after

3 to 4 months of the drug action. Its use in spasticity and in other neuromuscular

conditions (e.g. gastrointestinal and urological) demonstrates an ability to

change the impairment and possibly the functioning of the patient and here the

drug is an adjunct to other more definitive treatments, such as physical

management in spasticity, where the patient may experience motor learning

changes16. As a result, the need for repeated injections differs from condition to

condition.

For instance, in glabellar lines it can maintain the effect of laser surgery to give

a more polished and refined result17.

The longer term effects are now becoming well known and Jitpimolmard et al.

reported on the long term efficacy and side effects of the treatment of hemifacial

spasm with Dysport� over 12 treatments18. The median number of treatments

was four and produced a response rate of 97 per cent. The overall mean duration

of improvement was 3.4 months, but this varied between 2.60 to 3.71 months

from the first to the twelfth treatment. The response rate persisted in the range

70.00 to 78.10 per cent with duration of improvement lasting for 2.65 to 4.31

months. Similar findings were found using BOTOX� and showed a consistent

efficacy and reliability, which too was similar to that of BOTOX�19.
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Brashear et al. have also shown good responses in the repeated treatments for

post-stroke upper limb spasticity20. Patients were followed up for 42 weeks in an

open label study following a 12 week randomized control trial of BOTOX� versus

placebo. They were treated according to local standard practice and given up to

four further treatments over the 54 week period.

The primary measures were the Principal Therapeutic Intervention Target on a

Disability Assessment Scale and the Ashworth Scale and significant changes were

a one-point gain on the PTIT Disability Assessment or more or a one-point drop

or more in wrist flexor muscle tone on the Ashworth Scale. The duration of benefit

was also assessed. Significant improvements from baseline were seen at 6 weeks for

each treatment cycle across all efficacy measures. The average number of treatment

cycles per patient was 2.72 out of a potential four treatment cycles and 7.4 per cent

of patients demonstrated improvement for at least 24 weeks. In summary, BoNT

improved tone and function over the 54-week period and 200�240U of BOTOX�

appeared to be an effective long-term therapy in producing sustained improve-

ment in functional disability.

Many patients only ever need one or two treatments with BoNT, but people

with chronic spasticity, such as those with multiple sclerosis and spinal cord injury

may need it more regularly. There are no hard and fast rules, but the recommen-

dation is for no more than three monthly injections and use of the smallest dose

necessary to gain a clinical effect. The former appears to be the more

important criterion and the latest formulation of BOTOX� has a smaller quantity

of neurotoxin protein and is hence less likely to generate resistance and non-

response. On the other hand, however, the bigger the dose, the longer the clinical

effects are likely to last21.

5.8 Side effects

5.8.1 General

Clinically relevant side effects are few when one considers the potential of this drug

as a neurotoxin. One must also separate unwanted effects from side effects, as

many of the recognized features, such as dysphagia, are in fact simply the spread

of the desired pharmacological effects of the drug. However, some, such as

dysphagia, are potentially dangerous andmeasures should actively be employed to

prevent them. If they do occur, patients should have the knowledge to recognize

them and seek appropriate medical advice. It is perhaps simple therefore to divide

up these effects as:

• Unwanted therapeutic effects

• Unwanted effects worth tolerating for the overall benefit of the treatment

• Side effects
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They are more common after certain treatments than for others. For instance,

limb spasticity, particularly when large muscles are treated, is very unlikely to give

rise to unwanted effects, whereas cervical and facial injections are more frequently

associated. They are common to all BoNT types, but differences exist in their

incidence between the toxin types and commercial preparations. The critical factor

appears to relate to the characteristics of and differences of the toxin types’

retention within injected muscle and its diffusion22. The term Safety Margin is

the therapeutic window and is a measure of diffusion from the injection site to

systemic circulation. The Diffusion Margin is the index of undesirable escape

(i.e. local toxicity) in the absence of systemic effects. Aoki et al. looked at a

population of mice and showed a log-scale relationship between the local

effect (in this scale digit abduction function, measured on a digit abduction

score � DAS) and a local muscle effect, which corresponded with the ED50

dose23,24. There was a relatively constant for mean peak DAS response and the

toxin dose, at which themaximum local effect gave rise to systemic effects and thus

to the ED50.

The findings may thus help explain the different side-effect profiles of all

three preparations and, in particular, the differences between the two type A

products25,26.

The whole question of immune resistance is addressed in Chapter 4,

but clinicians treating chronic spasticity, as a general rule, give the smallest dose

necessary and leave an interval of at least 3 months between injections to minimize

the risk of secondary non-response. They would also avoid giving booster

injections, except that some patients after an acute disabling condition may only

ever need one or two treatments and it is thus safe to give those whenever they are

clinically indicated.

5.9 Safety and adverse events

There are a few well-known contraindications to BoNT, which are not dose-

dependent. The paralytic effects of the toxin are antagonized by certain

aminoquinoline antimalarial compounds, such as chloroquine through interac-

tion with a selective, stereo-specific site, that is not well correlated with

anti-malarial activity. Although BoNT does not influence the spinal cord anterior

horn cell, its systemic effect has the potential to worsen anterior horn cell

disorders, such as myasthenia gravis, the Lambert�Eaton Syndrome, poliomye-

litis and progressive muscular atrophy27,28. 3,4-Aminopyridine has been used to

treat the Lambert�Eaton Syndrome and inhibits BoNT effectively in animal

studies in the early stages of its effect and in reducing the paralysis. However, this is
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not confirmed in in-vitro analysis28,29. All peripheral nerve dysfunction is liable to

give rise to problems, but invariably does not30. Care should be taken with the

dose31,32.

Interaction with aminoglycoside antibiotics, such as gentamicin, is also

recognized and the BoNT should be withheld until the antibiotic is no longer

required33.

5.10 Helpful hints

(1) The uptake of BoNT is increased in active muscles and programmes have been

devised to stimulate activity either physically, or, where voluntary activity is

not possible, electrically. The evidence for this is not convincing, but the

hypothesis makes sense and many clinicians do it.

(2) The cost-pressure on the spasticity budget in the UK (and possibly also in

other social health care systems) is built around the cost of the drugs and

costs can be controlled by injecting patients at a separate session to the

assessment session. In this way, the amount of BOTOX� used can be predicted

and best use made of it. There are other advantages, as, for instance, a heavily

dependent patient can be helped on to a couch by care staff, while another

more mobile patient is injected. This speeds up the clinic time and makes

best use of medical time.

(3) Always inject areas of greatest sensitivity first, as needles are sharpest the first

time they are inserted. This applies particularly to the palm of the hand and to

the soles of the feet.

5.11 Training issues

• Specific training is required for clinicians involved in a specialized

spasticity service. This applies to doctors, therapists and nurses and should

cover all aspects of spasticity management and not just BoNT. Training

should be geared towards those referring patients and those injecting. Guide-

lines have been produced in both the USA and in Europe and have been

focused towards adult spasticity34, cerebral palsy35, dystonia36 and focal

hyperhidrosis37.

• What goes into acquiring expertise in this area of medicine? Certainly, acquiring

knowledge and natural history of the underlying disorder; knowing when to

intervene is usually clear, but knowing when not to is perhaps even more

important. As BoNT has so many applications, clinicians will have to develop
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expertise in certain fields and a thorough knowledge of that field is required,

so that the place of BoNT in treatment can be appreciated. The development of

BoNT clinics or services is therefore undesirable, whereas specialized services

for spasticity, hyperhidrosis, etc. can deliver high quality care.

• The content of training is subject to the needs and development of that area of

treatment. The demonstration of competency is important and this treatment

should be a part of the formal specialist training programme in the field.

General practitioners and nurse/therapist require specific training and mentor-

ing by the specialized service to develop confidence. Guidelines are

being produced for the former in the UK, which are designed to help

the quality of referral rather than produce GP specialists in the field. Very

few will be able to devote the time to take this on, but many will review

patients following stroke and will need to know the indications for spasticity

treatment. Most of the conditions amenable to BoNT treatment are relatively

uncommon and acquired spasticity is one of the more common.

Additional information regarding xeomin

After preparation of this book, Xeomin was licensed in Germany. This is a type A

toxin free of complexing proteins38. Experience is currently limited but early

reports indicate that it is of similar efficacy to the other type A toxins with a similar

side-effect profile39,40. It is yet to be determined whether the absence of proteins

will result in a lower risk of antibody development.

REFERENCES

1. McLellan, K., Das, R. E., Ekong, T. A. and Sesardic, D. (1996). Therapeutic botulinum

toxin type A toxin: factors affecting potency. Toxicon, 34, 975�85.

2. Aoki, K. R. (2001). A comparison of the safety margins of botulinum toxin serotypes. Journal

of Neurology, 248(Suppl. 1), 3�10.

3. Jankovic, J. and Orman, J. (1987). Botulinum A toxin for cranial-cervical dystonia: a double-

blind placebo-controlled study. Neurology, 37, 616�23.

4. Walker, F. O., Scott, G. E. and Butterworth, J. (1993). Sustained focal effects of low dose

intramuscular succinylcholine. Muscle & Nerve, 16, 181�7.

5. Ahmed, F., Magar, R., Marchetti, A. and Ferguson, I. (2003). European Journal of

Neurology, 10(Suppl. 1), 162.

6. WeMove � Website. http://www.wemove.org

7. Odergren, T., Hjaltason, H., Kaakkola, S., Solders, G., Hanko, J., Fehling, C., Marttila, R. J.,

Lundh, H., Gedin, S., Westergren, I., Richardson, A., Dott, C. and Cohen, H. (1998).

A double blind, randomised, parallel group study to investigate the dose equivalence of

Dysport and Botox in the treatment of cervical dystonia. Journal of Neurology, Neurosurgery

and Psychiatry, 64(1), 6�12.

76 A. B. Ward



8. Turner-Stokes, L. and Ward, A. B. (2002). The management of adults with spasticity using

botulinum toxin. Clinical Medicine, 2(2), 128�30.

9. Gracies, J.-M., Weisz, D. J., Yang, B. Y., Flanagan, S. and Simpson, D. (2002). Effects of

Botulinum Toxin Type A Dilution and Endplate Targeting Technique in Upper Limb

Spasticity. Presented to American Neurological Association Meeting.

10. Sanders, I., Mu, L., Amirali, A. et al. (1998). Motor endplate mapping of the human biceps

brachii muscle. Abstract. Ann. Neurol., 44, 501.

11. Shaari, C.M. and Sanders, I. (1993). Quantifying how location and dose of botulinum toxin

injections affect muscle paralysis. Muscle Nerve, 16, 964�9.

12. Bigalke, H., Wohlfarth, K., Irmer, A. and Dengler, R. (2001). Botulinum A toxin: Dysport

improvement of biological availability. Exp Neurol., 168(1), 162�70.

13. Childers, M. K., Kornegay, J. N., Aoki, R., Otaviani, L., Bogan, D. J. and Petroski, G. (1998).

Evaluating motor end-plate-targeted injections of botulinum toxin type A in a canine

model. Muscle Nerve, 21(5), 653�5.

14. Koko, C. and Ward, A. B. (1997). Management of spasticity. British Journal of Hospital

Medicine, 58(8), 400�5.

15. Berweck, S., Feldkamp, A., Francke, A., Nehles, J., Schwerin, A. and Heinen, F. (2002).

Sonography-guided injection of botulinum toxin A in children with cerebral palsy.

Neuropediatrics, 33(4), 221�3.

16. Richardson, D. (2002). Physical therapy in spasticity. European Journal of Neurology,

9(Suppl. 1), 17�22.

17. Carruthers, J. and Carruthers, A. (1998). The adjunctive usage of botulinum toxin.

Dermatologic Surgery, 24(11), 1244�7.

18. Jitpimolmard, S., Tiamkao, S. and Laopaiboon, M. (1998). Long term results of botulinum

toxin type A (Dysport) in the treatment of hemifacial spasm: a report of 175 cases. Journal of

Neurology, Neurosurgery and Psychiatry, 64(6), 751�7.

19. Dodel, R. C., Kirchner, A., Koehne-Volland, R., Kunig, G., Ceballos-Baumann, A.,

Naumann, M., Brashear, A., Richter, H. P., Szucs, T. D. and Oertel, W.H. (1997). Costs

of treating dystonias and hemifacial spasm with botulinum toxin A. Pharmacoeconomics,

12(6), 695�706.

20. Brashear, A., Zafonte, R., Corocran, M., Galvez-Jimenez, N., Gracies, J.-M., Gordon, M. F.,

Mcafee, A., Ruffing, K., Thompson, B., Williams, M., Lee, C.-H. and Turkel, C. (2002).

Inter- and intra-rater reliability of the Ashworth Scale and the Disability Assessment Scale in

patients with upper limb post-stroke spasticity. Archives of Physical Medicine &

Rehabilitation, 83(10), 1349�54.

21. Sampaio, C., Ferreira, J. J., Simoes, F., Rosas, M. J., Magalhaes, M., Correia, A. P.,

Bastos-Lima, A., Martins, R. and Castro-Caldas, A. (1997). DYSBORT: a single-blind,

randomized parallel study to determine whether any differences can be detected in the

efficacy and tolerability of two formulations of botulinum toxin type A � Dysport and

Botox � assuming a ratio of 4 : 1. Movement Disorders, 12(6), 1013�18.

22. Aoki, K. R. and Guyer, B. (2001). Botulinum toxin type A and other botulinum toxin

serotypes: a comparative review of biochemical and pharmacological actions. European

Journal of Neurology, 8(Suppl. 5), 21�9.

77 Introduction to botulinum toxin in clinical practice



23. Aoki, K. R. (2001). A comparison of the safety margins of botulinum neurotoxin serotypes

A, B, and F in mice. Toxicon, 39, 1815�20.

24. Aoki, K. R. (2002). Botulinum neurotoxin serotypes A and B preparations have different

safety margins in preclinical models of muscle weakening efficacy and systemic safety.

Toxicon, 40, 81�6.

25. Nussgens, Z. and Roggenkamper, P. (1997). Comparison of two botulinum-toxin

preparations in the treatment of essential blepharospasm. Graefes Archive for Clinical and

Experimental Ophthalmology, 235(4), 197�9.

26. Ranoux, D., Gury, C., Fondarai, J., Mas, J. L. and Zuber, M. (2002). Respective potencies of

Botox and Dysport: a double blind, randomised, crossover study in cervical dystonia.

Journal of Neurology, Neurosurgery and Psychiatry, 72(4), 459�62.

27. Erbguth, F., Claus, D., Engelhardt, A. and Dressler, D. (1993). Systemic effect of local

botulinum toxin injections unmasks subclinical Lambert�Eaton myasthenic syndrome.

Journal of Neurology, Neurosurgery and Psychiatry, 56(11), 1235�6.

28. Bachmeyer, C., Benz, R., Barth, H., Aktories, K., Gilbert, M. and Popoff, M.R. (2001).

Interaction of Clostridium botulinum C2 toxin with lipid bilayer membranes and Vero cells:

inhibition of channel function by chloroquine and related compounds in vitro and

intoxification in vivo. FASEB Journal, 15(9), 1658�60.

29. Davis, L. E., Johnson, J. K., Bicknell, J.M., Levy, H. and McEvoy, K.M. (1992). Human type

A botulism and treatment with 3,4-aminopyridine. Electromyography and Clinical

Neurophysiology, 32, 379�83.

30. Mezaki, T., Kaji, R., Kohara, N. and Kimura, J. (1996). Development of general weakness

in a patient with amyotrophic lateral sclerosis after focal botulinum toxin injection.

Neurology, 46(3), 845�6.

31. Glanzman, R. L., Gelb, D. J., Drury, I., Bromberg, M. B. and Truong, D.D. (1990). Brachial

plexopathy after botulinum toxin injections. Neurology, 40(7), 1143.

32. Klein, A.W. (2002). Complications and adverse reactions with the use of botulinum toxin.

Disease-A-Month, 48(5), 336�56.

33. Wang, Y. C., Burr, D.H., Korthals, G. J. and Sugiyama, H. (1984). Acute toxicity of

aminoglycoside antibiotics as an aid in detecting botulism. Appl. Environ. Microbiology, 48,

951�5.

34. Turner Stokes, L. and Ward, A. B. (2001). The Management of Adults with Spasticity �
Guidelines for the Use of Botulinum Toxin Type A. Byfleet: Hourds.
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6

Cervical dystonia

Khalid Anwar
Hunters Moor Regional Neurological Rehabilitation Centre, Newcastle upon Tyne, UK

6.1 Introduction

The term dystonia is defined as a sustained, involuntary contraction of muscle

that produces an abnormal posture and frequently causes twisting and turning1.

Cervical dystonia is the most common form of adult-onset focal dystonia2.

It is defined as involuntary twisting and turning of the neck caused by abnormal

involuntary muscle contractions1. This abnormal posture may be associated

with spasms, jerks or tremors or a combination of these features. Cervical dystonia

also has been referred to as spasmodic torticollis but this term does not reflect

the dystonic nature of the problem. It implies that spasms are an essential

feature of the disease although these can be absent in 25�30 per cent of the

patients with cervical dystonia3. Torticollis on the other hand is the physical

sign of the twisted neck and may result from many non-dystonic causes.

It is well known that due to variable presentation of this disease cervical dystonia

is frequently misdiagnosed and accurate diagnosis is often delayed4. The aetiology

and pathogenesis of cervical dystonia remains unclear. However it is generally

agreed that genetic factors, trauma, altered sensory input, primary vestibular

abnormality and impaired basal ganglia function may all have some role in the

development of this disease. Adult-onset cervical dystonia usually does not

become generalized although there may be segmental spread with involvement of

arms jaws or trunk5. A small percentage of patients can have a spontaneous

remission but it is usually short lived and incomplete6�8. In terms of treatment,

botulinum toxin therapy remains the most effective symptomatic treatment

of cervical dystonia since its introduction in late 1980s. The development of

neutralizing antibodies occurs in 5�10 per cent of cases and seems to be

dependent on dosage and interval between the treatments. Other treatments,

which are available although not as effective as botulinum toxin therapy, include

anti-cholinergics, benzodiazepines and baclofen. These are usually used if the
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response to botulinum toxin therapy is not adequate. Surgical treatment is

available for the treatment of cervical dystonia but is reserved for refractory

cases and includes intrathecal baclofen and high frequency bilateral stimulation

of globus pallidus internus.

This chapter concentrates on the use of botulinum toxin therapy in the treat-

ment of cervical dystonia in the context of other treatment options. Greater

emphasis is put on the practical aspects of botulinum toxin therapy.

6.2 Epidemiology

The true prevalence of cervical dystonia is difficult to estimate. It has been esti-

mated at nine cases per 100 000 population in Rochester, Minnesota, USA9 that

is based on a retrospective chart review. Cervical dystonia is the most common

adult-onset focal dystonia10. The incidence seems to be sex and age related.

Women are affected 1.5�1.9 times more than men11,12. The maximum incidence

of cervical dystonia is in its fifth decade of life and does not differ between men

and women with 70�90 per cent of cases presenting between the fourth and sixth

decade11.

6.3 Natural history

The cervical dystonia typically begins insidiously with patients complaining of

a ‘pulling’ or ‘drawing’ in the neck or an involuntary twisting or jerking of the

head10. Initial non-specific symptoms often result in an incorrect diagnosis and

thus often a delay in correct diagnosis occurs13. There is a great heterogeneity in

the speed of progression of symptoms from onset to maximal severity4. Symptoms

tend to worsen on average 3�5 years, with a range of one month to 18 years14. The

disease then tends to stabilize even slightly improving before stabilizing10. In most

cases cervical dystonia remains confined to the neck but can spread beyond the

neck to the adjacent areas in about one third of them15. It is very rare for cervical

dystonia to spread beyond adjacent areas and to progress to generalized dystonia.

Spontaneous remissions of cervical dystonia occur in up to 20 per cent of patients

but are usually short lived and incomplete6�8. Remissions usually occur in the

initial period of the disease but may occur late in the disease as well. Remission

is usually followed by relapse in almost all the cases within 5 years and a cycle of

remission and relapse may occur10.

6.4 Clinical features

Symptoms depend upon the severity of the disease, duration of the disease, the

muscles involved and the different neck and head positions and postures assumed.
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Patients seek treatment due to a variety of reasons that include pain, abnormal

neck position, head tremor and social embarrassment and depression. All these

factors can have an impact on the quality of life of the patient and can result

in some degree of disability. Questioning patients about disability and clarifying

the contributing factors is crucial for optimum care of patients with cervical

dystonia10.

6.4.1 Pain

There is a high incidence of pain in this disease, which distinguishes this from

other focal dystonias17. Pain is present in almost 75 per cent of patients at

sometime during their illness and contributes to disability12,14�16. It usually affects

the neck and the shoulders with some radiation and is described as an aching

sensation. Pain is increased by constant head turning, greater degree of head

turning and the presence of spasms16. The pain can be intermittent or continuous

and typically is diffuse and widespread18.

6.4.2 Motor symptoms

Cervical dystonia manifests itself as involuntary muscle contractions that cause

twisting or turning of the neck. A wide variety of abnormal head postures may

be assumed, and deviations may produce head turning (torticollis), leaning

(laterocollis), or pulling forward (anterocollis), backward (retrocollis), or a

combination of these postures4. In the majority of patients the abnormal posture

is present most of the time, but it may change during the course of the illness3.

Cervical dystonia may be associated with dystonia in another body part, or with

postural limb tremor in as many as one third of the patients3,10,12,15.

6.4.3 Head tremor

Two types of tremors affect the head. The tremor is termed ‘dystonic’ if there is a

directional preponderance and it increases in amplitude when the head is deviated

away from the direction of the involuntary movement. If the tremor is rhythmical,

symmetrical and does not change considerably with head movement, it is

‘essential’4. One report of 300 patients found dystonic tremor in 37 per cent of

the patients and essential tremor in another 30 per cent12. It is unclear whether

essential tremor in the head or in the hand is an additional manifestation of

a primarily dystonic disorder or a separate associated movement disorder similar

or identical to essential tremor10.

6.4.4 Social embarrassment

Cervical dystonia can result in social withdrawal and isolation. Patients often

become very anxious and self-conscious. They often curtail social engagements
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and try to avoid interaction with other people. Thus cervical dystonia can affect

their social, private and professional life19.

6.4.5 Depression

Previously disagreement existed about whether cervical dystonia was a psychiatric

illness, but now it is well recognized as a neurological illness10. At the same time it

is well known that depression is associated with this disease in almost a quarter of

the patients20.

6.5 Disability and quality of life

Disability and functional impairment is common in cervical dystonia. It can

have an impact on all the different aspects of life including work, leisure activities

and activities of daily life. In one series some degree of disability was found in

99 per cent of 220 patients with cervical dystonia21. Disability is caused by

combination of physical discomfort, functional impairment, social embarrass-

ment, isolation and depression. Disability is also caused by task specific limitations

such as inability to drive and inability to participate in leisure activities.

Questioning patients about disability and exploring the contributing factors is

crucial for the optimal care of the patients with cervical dystonia. The impact of

cervical dystonia on quality of life is significant and is comparable to patients

with Parkinson’s disease, mild to moderate multiple sclerosis and moderate

epilepsy22.

6.6 Provocative and palliative factors

Several provocative and palliative factors are characteristic of idiopathic

dystonia10. Most important is the so-called ‘sensory trick’ or geste antagoniste

to relieve the cervical dystonia23. This involves touching the chin, face or head.

Other effective tricks include pulling the hair, sucking on a pen, pulling an

earlobe, leaning against a high-backed chair or placing something in the mouth.

These tricks are more effective early on in the disease and are not helpful in all

patients. How these tricks work is not entirely clear but these do suggest that

dystonia may have a sensory element to it24�32. Other less common palliative

factors include alcohol, relaxation and rest. Anxiety, stress, fatigue, walking and

self-consciousness usually aggravate cervical dystonia33. These palliative and

provocative factors can vary between patients as well. Lying supine, relaxation

and sleep helped 40 per cent of 72 patients but made it worse in 16�25 per cent in

one study34.
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6.7 Classification of cervical dystonia

Cervical dystonia can be classified in various ways.

1. On the basis of aetiology

• Idiopathic (primary) cervical dystonia.

• Secondary cervical dystonia: Table 6.14.

2. On the basis of dominant head position

• Torticollis: this is the most common type, present in about 50 per cent of

patients35�37.

• Laterocollis: lateral tilt present in 10�15 per cent of patients.

• Retrocollis: backward head tilt present in 10�15 per cent of patients.

• Anterocollis: forward flexion of the neck is rare.

• Propulsion: forward shift of the head on the trunk.

• Lateropulsion: sideway shift of the head on the trunk.

• Complex cervical dystonia: variable head position with different combina-

tions and is a feature in 10�15 per cent of patients.

6.8 Pathogenesis

Although pathogenesis of cervical dystonia remains unclear, there has been great

progress in understanding the different factors that might be involved in the

development of this disease. This is especially true of the genetic factors as there is

growing evidence that some adult-onset focal dystonias are genetically based38�42.

Trauma has long been implicated in the pathogenesis of cervical dystonia11,12,43

and physiological studies have also implicated the sensory system, particularly

in view of the effectiveness of sensory tricks44�47. Theories of vestibular impair-

ment producing impaired postural feedback have lost favour10,48 but evidence

is increasing to support a role for impaired basal ganglia functioning in the

development of this disease49�53.

6.9 Diagnosis

The diagnosis of cervical dystonia is a clinical diagnosis. The diagnosis is often

delayed, due to the variable presentation of the disease and poor recognition of the

spectrum of its clinical manifestations43. Two issues must be settled to arrive

at the diagnosis of idiopathic cervical dystonia10. First, it must be confirmed

that we are dealing with dystonia and not with many non-dystonic causes of an

abnormal neck posture54. It must be borne in mind that torticollis is a physical

sign and not a disease. Second, all the secondary causes of dystonia should

be excluded by history, physical examination and laboratory investigations.

In practice most of these are easily distinguished clinically from the true idiopathic
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Table 6.1. Secondary causes of cervical dystonia4

Metabolic causes

• Wilson disease

• Kernicterus

• Amino acid disorders

– Glutamic acidemia

– Methylmalonic acidemia

– Homocystinuria

– Hartnup’s disease

– Tyrosinosis

• Lipid disorders

– Metachromatic leukodystrophy

– Ceroid lipofuscinosis

– Dystonic lipidosis

– Gangliosidoses

– Hexosaminidase A and B deficiency

• Mitochondrial encephalopathies

(e.g. Leigh disease, Leber disease)

• Vitamin E deficiency

• Biopterin deficiency

• Triosephosphate isomerase deficiency

• Lesch Nyhan syndrome

Vascular causes

• Cerebrovascular, or ischemic injury

• Arteriovenous malformation

• Perinatal cerebral injury

Infections

• Viral encephalitis

• Subacute sclerosing panencephalitis

• AIDS

• Creutzfeldt�Jakob disease

Tumour

• Brain tumour

Toxins

• Carbon monoxide

• Manganese

• Carbon disulphide

• Methanol

• Disulfiram

• Wasp sting
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cervical dystonia and no further investigation is needed55. Magnetic resonance

imaging (MRI) and/or computed tomography (CT) scans in a group of 149

patients with clinically idiopathic cervical dystonia found no abnormalities that

altered management56. Some of the common non-dystonic causes of abnormal

neck posture are shown in Table 6.24.

6.10 Treatment of cervical dystonia

With the introduction of botulinum toxin therapy, treatment of cervical dys-

tonia has improved substantially57. It is the treatment of choice for cervical

dystonia58. Unfortunately it still remains symptomatic treatment and is not a

cure. Oral pharmacological therapy continues to play an important part in

alleviating symptoms of cervical dystonia either alone or in increasing numbers

in combination with botulinum toxin therapy. The role of surgery is confined

to a small number of patients with significant disability despite maximal

medical therapy, or who have become resistant to botulinum toxin therapy57.

Table 6.1. (Cont.) Secondary causes of cervical dystonia

Drugs

• Levodopa

• Dopamine agonist

• Antipsychotics

• Metoclopramide

• Fenfluramine

• Flecainide

• Ergot agents

• Anticonvulsants

• Certain calcium channel blockers

Neurodegenerative disorders

• Progressive supranuclear palsy

• Multiple systems atrophy

• Corticobasal�ganglionic degeneration

• Hallervorden�Spatz disease

• Hypobetalipoproteinaemia, acanthocytosis, retinitis pigmentosa, pallidal degeneration

(HARP syndrome)

• Neuroacanthocytosis

• Spinocerebeller ataxia, types 1, 2, 3

• Ataxia telangiectasia

• Huntington’s disease

Demyelinating disorders

• Multiple sclerosis

86 K. Anwar



Many patients do well on combination treatments depending on severity of

cervical dystonia. Physical therapies such as physiotherapy, acupuncture, osteo-

pathy, chiropractic or the wearing of the neck collar are not consistently effective

and collars can be counter productive as well55. Neck manipulation can be

dangerous and there is a risk of vertebral or carotid artery dissection59. Relaxation

therapies such as hypnosis, behaviour therapy, biofeedback and meditation may

work60. Electromyographic (EMG) biofeedback is sometimes effective.

6.11 Pharmacologic therapy

Before the introduction of botulinum toxin therapy, oral medications were

for many years the treatment of choice for cervical dystonia61,62. These included

anticholinergic agents, GABA (gamma-aminobutyric acid) mimetic agents,

dopamine receptor antagonists, dopamine-depleting agents, and dopamine

Table 6.2. Non-dystonic causes of abnormal neck posture4

Psychogenic

Ocular causes

• Paresis of extraocular muscles

• Strabismus

• Hemianopia

• Oculomotor apraxia

Musculo-skeletal causes

• Atlanto-axial sublaxation

• Ankylosing spondylitis

• Cervical spondylosis

• Fracture of cervical spine

• Osteomyelitis of cervical spine

• Congenital torticollis due to fibrotic band or aplasia of sternocleidomastoid

• Fibrosis of subcutaneous tissue after local radiotherapy

• Stiff person syndrome

Local neck mass

• Cervical lymphadenopathy

• Goitre

• Soft tissue neck mass

Other neurological causes

• Syringomyelia

• Arnold�Chiari malformation

• Vestibular torticollis

• Posterior fossa mass
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receptor agonists. Nevertheless, these agents continue to play an important role

in the management of this condition, particularly as many patients require

combination treatment with oral drugs and chemodenervation to achieve

acceptable results and concerns about development of immunoresistance to

botulinum toxin therapy.

6.11.1 Anticholinergic agents

These agents have been the first line treatment of cervical dystonia for years.

The benefits of anticholinergic agents have been documented in large series of

patients evaluated in open-label and double-blind studies62,63. In a retrospective

analysis of open-label trials of initial therapy with high dose anticholinergic

agents62, 39 per cent of cervical dystonia patients reported good response

particularly for patients with a disease duration of less than five years, women

and older age at onset.

These agents should be started at a very low dose, which should be titrated

upwards slowly with weekly increments until there is either benefit or appearance

of side effects. Using low initial doses and slow dose titration may reduce adverse

effects. Effective doses vary widely between patients so the minimum dose that

provides relief should be used. Side effects of these agents are related to their

peripheral and CNS actions and include dry mouth, blurred vision, constipation,

urinary retention, confusion, memory loss, hallucinations and behavioural

changes.

6.11.2 GABA mimetic agents

Baclofen is a GABA receptor agonist that acts presynaptically to decrease the

firing of motor neurons and interneurons in the CNS. It is less effective than

anticholinergic agents64,65 and in one study 11 per cent of patients with cervical

dystonia treated with baclofen reported good response62. Dose related adverse

effects include muscle weakness, drowsiness, lethargy, gastrointestinal complaints

and urinary frequency. It is more useful in generalized dystonia and blephar-

ospasm and is rarely used in isolated cervical dystonia.

Benzodiazepines act by potentiating the neural inhibition mediated by GABA.

It has been reported that clonazepam is effective in about 21 per cent of

patients with cervical dystonia62. Clonazepam is particularly effective in tiding

over painful exacerbations of cervical dystonia and exacerbations of dystonia

related to anxiety and social situations. Adverse effects of benzodiazepines

include sedation, confusion and potential of addiction with prolonged treatment.

Our practice is to prescribe clonazepam 0.5mg TDS for three days during a

painful exacerbation to ease the symptoms while adjusting treatment with other

agents.
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6.11.3 Dopamine-depleting agents, dopamine receptor antagonists and dopamine

receptor agonists

Interestingly, patients with cervical dystonia may respond favourably to treat-

ment that either increases or decreases dopaminergic neuro-transmission

reflecting the heterogeneous nature of the disorder66. Results of treatment with

dopamine receptor antagonists (e.g. haloperidol) and dopamine-depleting agents

(e.g. tetrabenazine) have been less promising than anti-cholinergic agents66 with

a greater spectrum of adverse effects. Tetrabenazine has been found to be

particularly helpful in the treatment of tardive dyskinesias67 but troublesome

adverse effects can occur with its use including parkinsonian features, hypoten-

sion, depression, drowsiness and fatigue. Clozapine, an atypical anti-psychotic

agent, predominantly blocks the dopamine D4 receptor in addition to various

other complex neuro-chemical effects. It has been found to be helpful in the

treatment of tardive dyskinesia68 although it has been found ineffective for cervical

dystonia69. Levodopa and dopamine agonists are not useful in idiopathic cervical

dystonia66 except for rare cases of dopa-responsive dystonia70,71.

6.11.4 Other oral medications

Mexiletine has been tried in one study with some benefit72.

6.12 Role of surgery

The role of surgery is confined to patients in whom chemodenervation with

botulinum toxin injections alone or in combination with traditional pharma-

cotherapy fail to provide adequate relief of symptoms57. As a proportion of

patients (10�20 per cent) may experience spontaneous remission, surgical

procedures should be reserved for those patients in whom disease duration is

longer than 1 year. Both peripheral and central surgical approaches for the

treatment of cervical dystonia have been tried and are important options for

patients. The magnitude of the clinical benefit appears to be similar to that

provided by botulinum toxin therapy, but the results are most reliable for less

complex postures such as simple rotation. These techniques should be performed

only at centres with significant experience and expertise in the surgical manage-

ment of movement disorders.

6.12.1 Peripheral surgery

A variety of peripheral surgical procedures have been used for the treatment of

cervical dystonia73. These include

1. Myotomy

2. Microvascular decompression
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3. Spinal accessory nerve (SAN) section

4. Ventral rhizotomy combined with SAN section

5. Selective dorsal ramisectomy combined with SAN section.

The most common surgical procedure for cervical dystonia is selective dorsal

ramisectomy combined with SAN section74. Several open-labelled and uncon-

trolled studies have yielded response rates ranging from 48 to 98 per cent75�80. In

another retrospective analysis of 16 patients with botulinum toxin A resistance

undergoing selective dorsal ramisectomy to treat cervical dystonia, clinical rating

scales showed a mean objective improvement of 32 per cent. However, none

of these patients was able to return to work81. Complications of surgery include

almost complete sensory loss over the distribution of greater occipital nerve,

dysphagia, occipital neuralgia and hyperaesthesia in the area governed by the

greater occipital nerve74�80.

6.12.2 Central surgical approaches

These include:

1. Stereotactic thalamotomy

2. Pallidal surgery

3. Deep brain stimulation (DBS)

Results of thalamotomy for the treatment of cervical dystonia have been

variable82. Bilateral thalamotomy is more effective but is associated with 10�40

per cent risk of serious complications especially bulbar weakness resulting in

speech impediment and dysphagia, and cognitive impairment82.

After the resurgence of pallidotomy for the treatment of Parkinson’s disease,

considerable interest has developed in using this technique to treat primary dys-

tonia. However, only a small number of patients have undergone this procedure

for cervical dystonia, and data is insufficient to be conclusive. Previous reports

showed variable results with placement of lesions in anterior pallidum82. However

more recent reports have uniformly described striking benefits after unilateral

or bilateral posteroventral pallidotomy in patients with primary generalized

dystonia many of whom had cervical dystonia83�86. Bilateral pallidotomy has

a greater effect than unilateral pallidotomy but is associated with more side effects

as well including bulbar weakness and cognitive impairment.

Deep brain stimulation has been used extensively for the treatment of

movement disorders and appears to provide efficacy comparable to that of

lesioning procedures but with a more favourable safety profile, especially for

bilateral procedures87. DBS of the thalamus has been used in a small number

of patients with primary dystonia with mild improvement only87. DBS of

globus pallidus interna in a small number of patients with idiopathic generalized,

segmental, or cervical dystonia has been reported to provide benefits comparable
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to those obtained with pallidotomy88�91. These preliminary results are very

promising and before this treatment can be recommended to treat resistant

patients with severe cervical dystonia, we need the results of larger clinical trials.

DBS seems to be safer than lesioning and it has the added advantage of adaptability

of stimulation settings and reversibility should adverse effects appear or curative

therapy is found in the future. On the other hand it is more expensive in the

long run due to the extra cost of the device and follow up, and to the drawbacks of

the chronically implanted device including infection, migration of leads and

battery replacement, etc.

6.13 Treatment with botulinum toxin therapy

Chemodenervation with botulinum toxin therapy has now taken over as the

treatment of choice for cervical dystonia. It has given hope and relief to many

patients with this condition. It is one of the few conditions in which the FDA in the

USA has approved treatment with both botulinum toxin A and botulinum toxin B.

This injection therapy benefits the highest percentage of patients in the shortest

time and has been proven effective in many double-blind placebo-controlled

botulinum toxin trials92. It has fewer side effects than other pharmacological oral

treatments93.

6.13.1 Review and clinical evidence of therapeutic efficacy

In 1986, Tsui et al. were the first to show the efficacy of treatment with botulinum

toxin injections in cervical dystonia in a report of a double-blind, placebo-

controlled trial94. Subsequent to this initial trial, many studies confirmed the

benefits of botulinum toxin injections for cervical dystonia95�100. There is also

extensive evidence that suggests long-term benefit of this treatment101,102. Two of

the largest trials are representative101,102. During a 12-week period, 55 patients

who were not responsive to oral medications received either botulinum toxin or

placebo in a double-blind fashion, followed by a 4-week open phase when all

patients received botulinum toxin. Overall, 74 per cent of patients showed

improvement with botulinum toxin therapy by the end of the study. Similarly,

a retrospective review of 205 patients treated with botulinum toxin therapy over a

5-year period showed an improvement in posture in 71 per cent and improvement

of pain in 76 per cent of patients.

Most of these initial trials used botulinum toxin A injections95�97, while more

recent studies have used botulinum toxin B with success in A-responders and

A-resistant patients103�106. In view of overwhelming evidence, botulinum toxin

therapy is now recognized and recommended as first line treatment for cervical

dystonia101,107�109.
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Botulinum toxin therapy is not a cure but is a symptomatic treatment of cervical

dystonia. The benefit of injections lasts for an average of 12 weeks with a range of

8�16 weeks but can vary between patients. The benefit from the botulinum toxin

injections start generally within the first week but rarely may be delayed. In our

experience patients generally need two to three visits to find the correct dose of

toxin and site of injection so as to get the optimum benefit. The maximum or peak

effect is seen after about 2 weeks. Patients continue to benefit from injections and

may experience progressive improvement of dystonia with continued botulinum

toxin injections103,110,111.

6.13.2 Non-responders to botulinum toxin treatment

Non-responders to botulinum treatment can be broadly classified into two

groups10. Primary non-responders are the patients who do not respond to this

treatment from the very beginning. Secondary non-responders become resistant

to treatment after initial response.

Important factors resulting in primary non-response include contractures due

to long-standing disease, additional musculo-skeletal problems, injection at the

wrong site, selection of incorrect muscles for injection, insufficient initial dose of

the toxin or failure to properly prepare the toxin. About half of these will

subsequently respond to botulinum toxin therapy112. It is for these reasons that

we need to review a patient at least three times before labelling them as primary

non-responders. EMG may be required to properly localize the muscles primarily

responsible for dystonic posture. However, even after considering and correcting

all these factors there are certain patients who still fail to benefit, for which no

explanation is available. This is believed to result from involvement of deep neck

musculature.

There can be several factors to account for secondary non-response. The two

most important include a change in the pattern of muscle activity and devel-

opment of neutralizing antibodies. It is therefore extremely important to make

a careful assessment of the patient, their symptoms and dystonic posture on each

visit to take into consideration any change in muscle involvement. The develop-

ment of neutralizing antibodies is a serious problem as it obliterates any future

response to botulinum toxin113,114. Neutralizing antibodies develop in at least

5�10 per cent of treated patients115. It has been suggested that any patient

who loses responsiveness to injections and fails to develop atrophy in the

injected muscles should be assumed to have developed neutralizing antibodies116.

A short interval between treatments of less than 3 months114,116, and high

doses of botulinum toxin116,117 are considered risk factors for development of

these antibodies. In view of the above it is recommended that botulinum

toxin injections be given no more frequently than every 3 months and minimum
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possible dose should be used115. If the clinical response remains inadequate

adjunctive medication should be used10. Patients who become resistant to

botulinum toxin A therapy due to development of neutralizing antibodies have

been successfully treated with botulinum toxin B104.

6.13.3 Botulinum toxin type B

Botulinum toxin B (NeuroBloc/Myobloc) is effective and safe in the treatment

of cervical dystonia as shown by many double-blind, placebo-controlled

studies103�105. It is shown to be effective in unselected patients with cervical

dystonia105, in responders to botulinum toxin A103 and non-responders to botu-

linum toxin A104. It does seem that botulinum toxin type B has more side effects

than type A and early open label studies suggest that botulinum toxin type B

(Neurobloc/Myobloc) is not as efficacious as type A toxin and is less well

tolerated118. However, it does have a role in the treatment of cervical dystonia in

patients who have developed resistance to botulinum toxin A. There are important

differences between botulinum toxin A and type B in terms of preparation, storage

and adverse effects such as antibody formation. More research is needed to clarify

these issues to determine its position in the management of cervical dystonia.

6.14 Side effects of botulinum toxin therapy

Most studies report side effects in 20�30 per cent of patients per treatment cycle

and about 50 per cent of the patients experience such events sometime during

therapy. The true incidence of these side effects is quite variable among patients

and depends upon individual patients, expertise of the injector, total dose of the

toxin used and pattern of injections. Dysphagia and neck weakness are the most

important dose related side effects while local pain and flu-like syndrome seems

unrelated to the dose. Studies employing the highest dosages reported side effects

in nearly 100 per cent of patients119, whereas the use of low dosages resulted in

low incidence of side effects110. However, side effects are usually minimal and of

little functional consequence in most people.

6.14.1 Dysphagia

Pharyngeal weakness resulting in dysphagia is an important and sometimes

troublesome side effect. It should be taken seriously and actively enquired from the

patients as it can lead to aspiration with serious consequences. Fortunately most of

the time it is mild and only rarely requires the institution of a soft diet120. In one

study 33 per cent of patients undergoing treatment with botulinum toxin therapy

for cervical dystonia experienced dysphagia121. Dysphagia is dose related andmost

commonly occurs with injections of sternocleidomastoid muscles especially
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if both are injected at the same sitting. It occurs because of the local spread of

the toxin to the underlying pharyngeal musculature122,123.

Dysphagia usually starts about a week after the injections and lasts on average

for 2 to 3 weeks. Other causes need to be excluded if it persists for more than

2 months. This complication can be reduced by avoiding bilateral sternocleido-

mastoid injections and if multiple small-volume injections are used rather than

a single large-volume bolus122,124. Patients should be warned of this possible

complication and given full information and advice. They should also be given

a contact point in case they need help and further advice. Care is needed if there

is pre-existing bulbar or respiratory problems.

6.14.2 Local neck pain

The injection pain is mildly uncomfortable but is well tolerated by most patients.

Sometimes this pain persists for longer than usual and is slightly more intense as

well but usually settles with simple analgesia. On rare occasions patients report

increased pain and dystonic posture after these injections. A short course of

clonazepam is sometimes required to tide over this period which lasts a few days.

However, botulinum toxin type B does seem to induce more pain at the injection

site that may last for some days.

6.14.3 Neck muscle weakness

This is a dose-related side effect that occurs in less than 5 per cent of patients.

Transient weakness of neck muscles can be very problematic and can last a few

weeks. Avoiding high dose of toxin and careful selection of muscles can prevent

this complication in most cases.

6.14.4 Dry mouth

Dry mouth is relatively more common with botulinum toxin B as compared to

botulinum toxin A and is a dose-related side effect104. Dry mouth can aggravate

dysphagia and sometimes may be confused with this symptom. It lasts for a few

weeks and usually does not require any treatment.

6.14.5 Flu-like illness

Some patients (1�9 per cent) report flu-like symptoms for a few days after the

injections with generalized lethargy. None of our patients has stopped treatment

because of this symptom.

6.14.6 Other minor side effects

These include dysphonia, back pain after trapezius injections, dyspnoea and local

allergic skin reactions. Rarely brachial neuritis has been reported125,126.
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6.14.7 Distant side effects

Distant effects of botulinum toxin on neuromuscular transmission have been

demonstrated by single fibre EMG, although there were no clinical symptoms in

these patients127. Severe and prolonged side effects have been reported in patients

with underlying neuromuscular disease128�130. At the same time, with care,

cervical dystonia can be treated successfully and safely in patients with myasthenia

gravis131,132.

6.15 Practical aspects of treatment with botulinum toxin

Treatment with botulinum toxin injections is a symptomatic treatment of cervical

dystonia. Patients being considered for this treatment should be given all the

relevant information regarding cervical dystonia and all the possible treatment

options available to manage it. Before the commencement of the treatment, it is

very important to establish the treatment objectives, discuss the various options

available, discuss the efficacy of different treatment options and convey all the

possible side effects of these injections. Patients should be provided with written

information regarding the dystonia in general and cervical dystonia and bot-

ulinum toxin in particular. Treatment with botulinum toxin should only start

after the patient’s informed consent.

Various indications for botulinum treatment of cervical dystonia are:

• pain or spasms

• abnormal head or neck posture

• impairment of daily activities of life

• social embarrassment and loss of self confidence

• depression as a result of this condition

• head tremor

6.15.1 Optimum goals of treatment with botulinum toxin

The main aim of treatment with botulinum toxin therapy is to achieve a balance

between inducing muscle weakness sufficient to reduce spasm but insufficient to

interfere with function. Thus a combination of reduction in dystonia and pain

with optimization of function should be sought.

6.15.2 Commencement of botulinum toxin treatment

Only trained specialists with experience in the treatment of movement disorders

should administer botulinum toxin injections. They must also have a good under-

standing of both the anatomy of affected muscles and the resultant movement

disorder.
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6.15.3 Patient education and counselling

Patient education and counselling are essential components of a comprehensive

therapeutic approach to all patients with dystonia. Before the first injection,

patients should be informed about the process involved in the selection of muscles

to be injected, possible number and sites of injections (preferably with the help of

diagrams and posters), the frequency of these injections, nature and time course

of its benefits and side effects and what to do and whom to contact if problems

arise after the injections. Patients should also be informed that it usually takes

a little time to get the dose and site of injections right for optimum benefit. It is

also extremely important to inform patients that these injections do not work for

everyone and a patient is usually considered a non-responder if there is no benefit

after three injections.

6.15.4 Process of muscle selection

This is the most crucial aspect of treatment of cervical dystonia with botulinum

toxin therapy. Both history and physical examination are important in making

this judgement. Patients are naturally very anxious when attending this clinic for

the first time and many are very reluctant to attend the hospital as they normally

avoid public places because of abnormal head or neck posture and head tremor.

It is extremely important to try to build rapport with them early on to gain

their confidence. Muscle selection process starts as soon as a patient enters the

consultation room. We feel that specialists working in the cervical dystonia clinics

should have a system which they should develop and follow every time they see

a patient in the clinic either for the first time or on a follow-up visit. This will

ensure that proper assessment takes place and correct treatment is devised initially

and then modified later on if required according to the feedback obtained from

the patients. Some basic principles that can help to devise a system include the

following important points.

• Make the patient feel comfortable in the consultation room and ask them if they

would like to be seen with a relative or a friend.

• Make them sit in a comfortable chair and try to sit in front of the patient to get

a good view of the head and neck.

• Make sure that you are able to see the neck and clothing does not cover it.

• Encourage the patient not to use compensatory tricks during the consultation

and let him or her be seen with the dystonic posture.

• Take the help of the relative or a friend accompanying the patient in ascertaining

the dystonic posture and the difficulties experienced by the patient in daily life.

• Ask the patient to demonstrate the most common neck posture.

• Identify the most common problems, discomforts and difficulties arising from

these postures.
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• Find out how this is impacting on the life of the patient. This includes their

professional life, marital relationship, social life, leisure activities and activities of

daily life.

• Ask about the mood of the patient as a result of this and their pattern of sleep.

• Take a detailed drug history.

• Get a feel for the patient’s expectations of the botulinum toxin therapy.

6.15.5 Examination

Careful examination of the patient in different positions is indicated and required.

• Instruct the patient to position the head in an upright posture.

• Ask the patient to look both ways and flex and extend the neck and document

the range of neck movements.

• Passively adjust the head and observe for additional extension, flexion, and

rotation that may be compensated by the patient and note any contractures.

• Palpate for contracting and hypertrophied muscles and elicit any points of

tenderness.

• The patient should be asked to walk and head position observed and recorded.

• Ask the patient to demonstrate sensory trick or geste if possible. The patient

should try to keep his head straight for as long as possible and try to observe the

first movement away from the midline.

• Always remember that some movements are compensatory in nature and

therefore clarify that from history, accompanying relative or friend and effects of

a geste.

• The head position that is most abnormal is used to select the muscles for

injections.

In summary, we should aim to select muscles that cause dominant movements,

that are painful and tender or that are visibly hypertrophied and hyperactive. It is

not difficult to define the dystonic muscles in simple forms of cervical dystonia,

but it requires an experienced specialist to identify the muscles involved in

complex or fluctuating cervical dystonia. Inmore complex cases, EMG can be used

to identify the muscles involved. Normally we should try to restrict the number

of muscles injected in one sitting to a limited number. The pattern of muscles

injected should be evaluated and reviewed on every follow-up visit keeping in view

the feedback from the patient and physical examination. We should keep in mind

that pattern of dystonia can vary with the passage of time.

6.15.6 Injection techniques

The most commonly injected muscles include sternocleidomastoid, trapezius,

splenius capitus, levator scapulae and scalene complex. Muscles involved in

the abnormal posturing are isolated using standard anatomic landmarks.
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Muscles that are commonly involved in various types of cervical dystonia are listed

in Table 6.3. Most of these muscles can be identified and injected without the help

of EMG and therefore the majority of the centres treating cervical dystonia with

botulinum toxin injections reserve the use of EMG for special circumstances,

which will be discussed later. We recommend a 5�10ml syringe and a 27-gauge

hypodermic needle.

Toxin dose

There are three preparations of botulinum toxin that are available in the

United Kingdom at present. Dysport and BOTOX� are type A toxins while

NeuroBloc is type B. The dose of each preparation is measured in mouse units

(mu), although 1mu of Dysport is not equivalent to 1mu of BOTOX� or

NeuroBloc. Roughly 1mu of BOTOX� is equivalent to 3�4 units of Dysport and

50 units of NeuroBloc. There is no clinical evidence at the moment to suggest

clear advantage of one preparation over the other. It is therefore recommended

to choose one preparation initially in clinics to avoid confusion of dosage

Table 6.3. Muscles commonly involved and injected in various types of cervical dystonia

Forward propulsion (anterior shift)

• Bilateral sternocleidomastoid

Head retraction (posterior shift)

• Bilateral splenius capitis

• Bilateral levator scapulae

Anterocollis (head tips forward)

• Bilateral sternocleidomastoid

Retrocollis (head tips back)

• Bilateral splenius capitis

• Bilateral semispinalis capitis

• Bilateral cervical part of trapezius

Laterocollis (tilt)

• Ipsilateral sternocleidomastoid

• Ipsilateral trapezius

• Ipsilateral splenius capitis

• Ipsilateral scalene complex

Torticollis (rotation)

• Contralateral sternocleidomastoid

• Ipsilateral splenius capitis

• Ipsilateral levator scapulae

• Ipsilateral trapezius
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and dilutions. Patients should be started with a minimum dose, as there is no way

to predict the patient’s response to these injections. The dose of the toxin should

be adjusted in subsequent visits keeping in mind the response of the injected

muscles to the toxin, patient’s feedback regarding efficacy, side effects and findings

on physical examination. Suggested initial dose for individual muscles is listed in

Table 6.4. Total initial starting dose can vary from 200mu to 400mu of Dysport

depending on severity of symptoms, type of cervical dystonia and build of the

patient. The maximum dose in one sitting should probably not exceed 1000mu

Dysport.

Toxin dilution

Different centres use different dilutions of botulinum toxin for these injec-

tions. We recommend diluting 500mu Dysport or 100mu BOTOX� in 5ml

normal saline. There is no clinical evidence to suggest the best dilution to use in

cervical dystonia. In our experience the higher concentrations reduce the

incidence of side effects especially local pain and dysphagia.

Follow-up visits

Follow-up visits are as important as the initial visit. Feedback from the patient is

crucial in determining the dose and sites of the next injections. Patients should be

asked about the efficacy of the injections, duration of the benefit and severity and

duration of the side effects. Patients should be observed and examined at each

follow-up visit and on the basis of subjective feedback and objective observations,

decisions should bemade to continue with the treatment or any adjustments made

in the dose or site of the injections (Table 6.5).

Table 6.4. Dose range recommendations for individual muscles in cervical dystonia

Muscles Dysport� (mu) BOTOX� (mu) Neurobloc (mu)

Sternocleidomastoid 50�150 10�40 500�2000

Splenius capitis 50�150 10�40 500�2000

Semispinalis capitis 50�100 10�25 500�1250

Levator scapulae 50�200 10�50 500�2500

Trapezius 50�200 10�50 500�2500

Scalene complex 50�150 10�40 500�2000

Notes:

• Start with the lowest dose and gradually increase the dose to the maximum.

• Modify the above-recommended doses according to the clinical situation.
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Cervical dystonia rating scales

These outcome assessments can be documented by using one of many cervical

dystonia rating scales133, but in our experience these are time consuming in

busy clinics and difficult to score. Initial outcome measures were suggested by

Swash et al.134, Couch135, Tolosa136 and Lang et al.137 Currently, rating scales as

suggested by Tsui et al.94 and the Toronto Western Spasmodic Torticollis Rating

Scale (TWSTRS) are popular138.

Injecting individual muscles

It is imperative to know the local anatomy of the neck before embarking on

treatment of cervical dystonia with botulinum toxin injections. One should know

the function of important neck muscles and their relationship with other

important neck structures such as blood vessels and nerves. Some of the more

important muscles involved in cervical dystonia are discussed below.

Sternocleidomastoid

The sternocleidomastoid arises from the mastoid process and lateral half of the

superior nuchal line and is inserted below onto the manubrium sterni and the

medial third of the clavicle. Its main action is to rotate the neck to the opposite

side. It can also pull the head over towards the ipsilateral shoulder in laterocollis,

propel the head forwards in propulsion and pull the chin directly downwards in

anterocollis.

Normally it is very easy to identify a contracting and hypertrophied

sternocleidomastoid. In difficult cases, especially obese patients, ask the patient

to press his or her hand against the chin on the opposite side to activate themuscle.

It is recommended to inject in the upper third of the muscle by identifying the

muscle first and then holding it in your fingers to make sure that you inject the

identified muscle only.

Table 6.5. Dose modifiers

Clinical situation Decrease dose Increase dose

Patient weight Low High

Muscle bulk Small Large

Severity of dystonia Mild Severe

Number of muscles being injected

simultaneously

Many Few

Results of previous therapy Too much weakness Inadequate response

SCM, splenius capitis injections If bilateral injections If unilateral injections
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Trapezius

The trapezius is attached to the medial third of the superior nuchal line of

the occipital bone, the external occipital protuberance and the ligamental

nuchae above, and to the lateral third of the clavicle below. The middle and

inferior fibres arise from the thoracic vertebrae and attach to the acromian and

scapula.

The trapezius elevates the shoulder and is involved in ipsilateral laterocollis,

ipsilateral retrocollis and ipsilateral torticollis. Being a superficial muscle, it is easy

to palpate and inject. If in doubt ask the patient to elevate the shoulder and grasp

the muscle between two fingers. Distribute the injection between two or three sites

for optimum results.

Levator scapulae

The levator scapulae is attached superiorly to the transverse processes of the axis,

atlas, third and fourth cervical vertebrae. Inferiorly, it is attached to the superior

third of the medial border of the scapula.

Its main function is to elevate the ipsilateral shoulder and is involved in

ipsilateral laterocollis and torticollis. It is easily felt anterior to the trapezius.

Splenius capitis

Superiorly the splenius capitis is attached to the mastoid process and rough

surface of the occipital bone just below the lateral third of the superior nuchal line.

It goes downwards, medially and posteriorly to attach to the lower half of the

ligamentum nuchae, supine of the seventh cervical vertebra and spines of the

upper thoracic vertebrae. It lies deeply in the neck beneath the trapezius for

the most part but can be palpated just behind the upper posterior border of

the sternomastoid.

Ipsilateral splenius capitis is involved in ipsilateral torticollis, ipsilateral

laterocollis and tilts the head backwards in retrocollis. To inject this muscle ask

the patient to activate the sternomastoid. This muscle lies behind the upper

posterior border of the sternomastoid at the level of angle of jaw and can be

palpated with fingers. Inject directly into the muscle at a depth of 1�2 cm.

Branches of the lesser occipital nerve may course over the muscle and sometimes

patients can experience severe neuralgic pain if these are irritated during the

procedure.

Semispinalis capitis

This muscle, superiorly, is attached to the medial aspect of the area between the

superior and inferior nuchal lines of the occipital bone. Inferiorly, it attaches to

the lower cervical vertebrae and the upper thoracic vertebrae. It lies deep to
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trapezius and splenius capitus for the most part. It extends the neck in retrocollis

and may be involved in ipsilateral laterocollis and torticollis. For injecting this

muscle ask the patient to extend the neck against your hand to activate it and inject

directly into the muscle after palpating it with your fingers.

Anterior neck muscles

This group of muscles along with both sternomastoid muscles is responsible for

anterocollis or propulsion. This group includes longus colli, longus capitis, rectus

capitis anterior and rectus capitis lateralis. Most of these muscles are deep seated

and are difficult to inject in a clinic setting. For practical purposes, injecting both

sternomastoids in anterocollis is sufficient to give reasonably good results. On

occasions, dystonic spasms of platysma influence head posture. This muscle is

superficial and thus is easy to identify as it stands out as thickened cords that can

be easily injected.

Role of electromyographic (EMG) recordings

Electromyographic recordings are not routinely used for assisting botulinum toxin

injections in the treatment of cervical dystonia in most centres in the world. EMG-

assisted toxin injections do produce better results than injections based on clinical

examination139,140, but can be time consuming and adds to the discomfort and

expense of the treatment. Indications for EMG-assisted toxin injections include

• Patients who are technically difficult to assess or inject (e.g. very obese patients).

• Patients who have not responded to clinically placed injections.

• Complex dystonic postures.

• Changing pattern of dystonia that is difficult to assess.
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7.1 Introduction

In this chapter, the therapeutic use of botulinum toxin for disorders that

predominately manifest themselves in the larynx and pharynx will be covered.

The treatment of laryngeal dystonia with botulinum toxin remains the best

documented use of botulinum toxin in this field but it has been successfully used

to treat other laryngeal and pharyngeal disorders (Table 7.1).

7.2 Laryngeal dystonia/spasmodic dysphonia

The term dystonia is defined as a sustained, involuntary contraction of muscle

that produces an abnormal posture and frequently causes twisting and turning1.

It is a chronic neurological disorder of the central nervous system characterized

by action induced muscle spasms and can be generalized or focal. Dystonia that

affects the larynx is usually focal and mainly results in speech disorders but can

also, albeit rarely, cause breathing difficulties.

Laryngeal dystonia begins in middle age and is more common in females

than males2. Adductor dysphonia, which causes strangled voice quality, is much

more common than abductor dysphonia, which results in breathy voice. Voice is

obviously extremely important in social interactions and in spasmodic dysphonia,

voice impairment can be long lasting, which has significant negative social

consequences3,4. Patients with spasmodic dysphonia have a high incidence of

anxiety and depression5,6 and can suffer significant psychological problems.

The condition can have a direct effect on their quality of life and work place

performance7.

Clinical Uses of Botulinum Toxins, eds. Anthony B. Ward and Michael P. Barnes. Published by
Cambridge University Press. � Cambridge University Press 2007.
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Unfortunately, there is no cure for spasmodic dysphonia but it can be symp-

tomatically treated with botulinum toxin injections and in recent years this

treatment has emerged as the treatment of choice for this disorder8�10.

7.2.1 Classification

The commonest form of laryngeal dystonia is the adductor type. Less common

is abductor and finally there is the much more rare mixed type.

Adductor laryngeal dystonia

In this disorder there are involuntary movements of the vocal cords, which pull

the cords together; the voice has a strangled quality. In severe cases there are

periods of aphonia lasting a second or so when the cords are clamped together

and therefore there is no mucosal wave. Vowel prolongations are common

especially in those cases where fluency is not grossly disrupted.

Abductor laryngeal dystonia

The voice has a breathy quality and lacks power. There are periods of aphonia

due to the fact that the vocal cords are pulled apart. Breath support can appear

to be poor due to loss of air from the lungs secondary to the widely patent airway.

Table 7.1. Use of botulinum toxin injections for treatment of

disorders of the larynx and pharynx

1. Dystonia

• Laryngeal dystonia

• Tongue dystonia

• Jaw opening dystonia

• Jaw closing dystonia

• The slewed jaw

2. Other laryngeal disorders

• Neurological disorders

� Essential voice tremor

� Stuttering blocks

� Vocal tics

• Mucosal disorders

� Vocal fold granuloma

� Glottic synechia

• Functional disorders

� Muscle tension dysphonia

3. Disorders of pharynx

• Upper oesophageal sphincture spasm

• Palatal myoclonus
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Mixed laryngeal dystonia

This is often difficult to diagnose. It often only becomes apparent when the patient

has been treated for adductor dystonia and the anticipated outcome does not

result. The patient may appear to be particularly breathy after treatment and

a fibreoptic laryngoscopy may reveal that the cords are being actively pulled

apart. Regrettably, treatment with botulinum toxin will often give poor results

in this condition.

7.2.2 Assessment of speech disorders due to dystonia

Speech can be affected depending on which muscles are predominantly involved.

Sometimes diagnosis is straightforward, but often it is difficult to determine the

root cause of the problem. Involvement of the speech therapist can be essential

in the early stages of diagnosis. The following table describes the type of speech

and voice problems and the muscles usually involved (Table 7.2).

It is sometimes useful for the speech to be recorded on video or DVD in order

to facilitate post-treatment comparison. Initial clinical assessment should be

followed by fibreoptic examination.

Fibreoptic examination

The nose and throat are sprayed with a topical anaesthetic. Any nasal abnormality

is noted such as a deviated nasal septum or nasal polyps. A flexible scope is passed

into the nose until the soft palate can be inspected. The position of the palate

Table 7.2. Speech and voice problems, and the muscles usually involved

Name Muscles usually involved Description of voice

Adductor dystonia Vocalis,

thyroarytenoid,

cricothyroid

Strangled quality, brief periods of

aphonia due to the cords clamped

shut; vowel prolongations.

Abductor dystonia Posterior

cricoarytenoid

Breathy voice, lacks power, aphonia

due to cords being pulled apart

Bunched tongue Tongue body Sounds like speaking with a marble

in the mouth. Poor articulation

where the tongue needs to contact

the front teeth

Protruding tongue Tongue body

and tip

Speech sounds as if the tongue is

preventing the lips coming together.

Palatal tension The palate is pulled excessively taut

so that there is nasal escape

Palatal elevation Hyponasality
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is noted and any involuntary spasm observed. If the spasm is so intense that the

scope will not pass into the oropharynx then the patient is asked to sniff, which

usually facilitates the passing of the scope. Next, with the scope at the level of

the palate and the patient breathing quietly, any involuntary movements are

noted. In particular, the tongue, prevertebral muscles and the vocal cords are

observed for at least one minute. The patient is then asked to say a sustained

‘EE’. The patient then counts to ten and recites a piece of free speech such as

a poem or nursery rhyme. Finally, a swallow is observed from the level of the soft

palate and again within the nose, just to check that the palate rises and closes off

the nose in the normal fashion.

7.2.3 Treatment of spasmodic dysphonia

Botulinum toxin was used for the first time in 1988 by Brin et al.11 for the treat-

ment of spasmodic dysphonia. Since then it has been recognized as the treatment

of choice12 and the gold standard of treatment for patients with spasmodic

dysphonia. Over the last 20 years, a large number of studies have tried to docu-

ment the effectiveness of botulinum toxin for the treatment of spasmodic

dysphonia. Botulinum toxin acts by restricting acetylcholine release at the neuro-

muscular junction causing laryngeal muscle weakness and thereby relieving the

symptoms of laryngeal dystonia

Numerous reports have confirmed the benefit of botulinum toxin injections

for the symptomatic treatment of this disorder8�10. However, many of the studies

have relied on patient self-reporting of symptoms or have been carried out on

only a small number of patients over a short period of time. The largest study

by Blitzer et al. in 19982 reported their experience treating almost 1000 patients

over a 13-year period. The study shows impressive outcome but relied on patient’s

self-rating of symptoms.

Recently Watts and colleagues have published a Cochrane Review of the use

of botulinum toxin injections in the treatment of spasmodic dysphonia12.

The authors searched the Cochrane central register of controlled trials as well as

other standard sources, including MEDLINE, EMBASE, CINAHL and PsycINFO.

The authors looked for all studies in which participants were randomly allocated

prior to intervention and in which botulinum was compared to an alternative

treatment, placebo or non-treated control group. They only found one study in

the literature that met these inclusion criteria. This was a study by Truong and

colleagues13. This was a double-blind, placebo-controlled study to examine the

effects of botulinum toxin (BOTOX�) on voice quality (via spectrographic

analysis), perceived voice improvement and acoustic measures in subjects with
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adductor spasmodic dysphonia who either received drug or saline injection into

the thyroarytenoid muscles. Thirteen subjects were randomly assigned to either

botulinum toxin or saline treatment. The study showed that subjects injected with

botulinum toxin exhibited significantly decreased perturbation and fundamental

frequency range compared to subjects who received saline. The active treated

subjects also exhibited significant improvement in ratings of speech quality.

Other studies were reported which did not meet the rather stringent criteria.

The authors found approximately 77 articles published with regard to botulinum

toxin treatment for spasmodic dysphonia, but only seven of these articles were

randomized, controlled clinical trials. Only three of these published adequate

data that could be further analysed through a systematic review. On further

inspection only the Truong study allowed any conclusions to be drawn. However,

the authors do point out there was a large body of data of non-randomized clinical

studies which, taken altogether, suggested a positive clinical outcome for the

use of botulinum toxin for spasmodic dysphonia. The authors made a number

of recommendations regarding methodology that should be incorporated into

future studies. These included subjective and objective measures of the degree and

duration of effectiveness of vocal improvement and neuromuscular functioning

as well as acoustic, aerodynamic and endoscopic measures of the effects of the

injection on laryngeal function.

In summary, the authors did not find sufficient evidence from randomized

controlled trials for firm conclusions to be drawn about the effectiveness of

botulinum toxin for all types of spasmodic dysphonia, but this was largely

due to lack of worthwhile studies rather than a demonstrated lack of efficacy.

The conclusion of the Cochrane Review has also been recently reiterated in

a review published in Clinical Rehabilitation in 200614.

Before the widespread use of botulinum toxin, treatment was mostly surgical

and consisted of denervation of one vocal cord15, but unfortunately with high

rates of treatment failure16. Over the years various other surgical procedures

have been tried, but without consistent results. Other authors have suggested

the use of behavioural treatment for this condition, but overall it has not proven

beneficial17,18. However, one study has shown the merit of combining pharma-

cological treatment with voice therapy19. Botulinum is by far the most successful

form of treatment.

7.2.4 Treatment of adductor laryngeal dystonia with botulinum toxin

This is usually treated by injecting the vocalis muscle under EMG control and

local anaesthetic. The EMG is used to locate the vocalis muscle. A Teflon� coated
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injecting needle is inserted through the cricothyroid membrane and angled to

enter the thyroarytenoid muscle (vocalis part) as far anterior in the larynx as is

possible. By placing the injection far forward there is a reduced risk of swallowing

problems.

The usual dose that the authors use is 5 units of Dysport into each vocalis

muscle. Other authorities have suggested using up to 60 units of Dysport as

a unilateral injection and others have suggested the possibility of alternating the

sides at each treatment session.

If the result is a breathy voice then it can be worth a trial of treatment of

the cricothyroid muscle instead of the vocalis.

The commonest side effects are initial breathiness of the voice and temporary

swallowing problems. The authors routinely prescribe a thickening agent to be

added to drinks if swallowing problems occur.

Some authors have recommended the use of a flexible nasolaryngoscope for

the injection technique20. Some authors have advocated the use of bilateral

injections, but it is generally accepted that unilateral injections are safer and

produce a similar result21.

Recently, Boutsen and colleagues have undertaken a useful meta-analysis of

botulinum treatment for this condition, but robust conclusions are difficult

to draw given the paucity of the literature22.

7.2.5 Treatment of abductor laryngeal dystonia with botulinum toxin

The authors favour a transcutaneous injection of the posterior cricoarytenoid

muscle under EMG control. Local anaesthetic is not usually necessary. The

Teflon� coated injecting EMG needle is inserted through the skin at the mid point

of the sternomastoid muscle. The larynx is held with the other hand and rotated

so as to present the posterior aspect of the larynx towards the needle. The needle

is advanced until it strikes the back of the cricoid cartilage and then withdrawn

slightly. The patient is asked to sniff which enhances the muscle activity recorded

by the EMG machine.

There is not a clear consensus in the literature regarding dosages. The authors

usually commence with a starting dose of 10 units of Dysport toxin. If necessary

this can be increased to 25 units at subsequent treatments.

Fortunately, side effects from treatment of abductor dystonia are less common.

Side effects with injection of the posterior cricothyroid muscle are unusual.

7.3 Tongue dystonia

This is usually seen as part of a more complex dystonia involving themandible and

muscles of facial expression. Rarely, it can occur on its own. It is crucial to try and
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determine if any associated jaw movement is due to the tongue moving the jaw

or whether it is other muscles attached to the jaw, such as the pterygoids. If there

is doubt, it may be wise to start treatment with tongue injections and reserve

injections into the pterygoid muscles for later consultation.

7.3.1 Bunched tongue

In this recognizable subgroup of tongue dystonia the tongue appears to be

bunched up in the mouth. On a videofluroscopy the tongue has a shortened

anterior�posterior diameter. The tongue tends to lie at the back of the mouth and

be in contact with the soft palate. Often there is difficulty in forming a bolus but

usually there is an adequate ability to force the bolus into the oropharynx. This is

often seen in jaw closing dystonia with spasm of the masseter and temporalis.

Once again there is no clear consensus in the literature with regard to dosage.

The authors recommend an initial dose of 25 units of Dysport (around 6 units of

BOTOX�). This is injected transcutaneously with a 23 gauge blue needle. The

hyoid bone is palpated and the injection placed in the midline about 1 cm anterior

to the hyoid, aiming at the vertex of the skull. The needle is inserted approximately

2 cm, depending on the amount of subcutaneous fat.

7.3.2 Tongue protrusion

The major feature of this distressing condition is the tongue’s tendency to

protrude from the mouth. In its mildest form this may only be a tendency for the

tongue to flick out beyond the teeth for a moment during speech or mastication.

In a severe case the tongue may protrude out so far that it touches the tip of the

chin. It is associated with jaw opening dystonia, and often with mouth opening

dystonia, in which the patient is unable to bring the lips together in a sustained

manner. It is impossible to swallow a bolus without closing the lips together.

In severe cases the patient loses weight due to the protruding tongue and the

difficulties in closing the mouth.

In this condition the body of the tongue and the tongue tip usually require

injecting. Occasionally, the extrinsic muscles of the tongue that pull the tongue

forward towards the lower incisors require injecting, especially genioglossus.

This muscle usually needs an EMG to accurately place the injection. If the

body of the tongue is injected then the authors use about 15 units of Dysport

(approximately 4 units of BOTOX�). This is injected through a transcutaneous

route via a 23 gauge blue needle. The tip of the tongue can be injected with

a similar gauge needle and using a similar dose of BOTOX� or Dysport.

The authors usually start with such injections and at subsequent visits the

technique can be modified to include 2�4 units of BOTOX� (or equivalent of

Dysport) as required into each genioglossus.
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7.3.3 Side effects from tongue injections

The main risk is inability to form a bolus and then clear it from the mouth into

the oropharynx. Aspiration is most unusual, presumably due to the fact that the

competence of the larynx is not at risk with tongue injection techniques.

7.4 Jaw opening dystonia

The muscles that open the jaw are the lateral pterygoids, assisted by the anterior

belly of digastric. The lateral pterygoids cannot be effectively palpated and so the

spasm in these muscles can only be inferred after palpation of the anterior belly

of digastric. It is most unusual to find a jaw opening dystonia that is due to

over activity in the anterior belly of digastric alone.

7.4.1 Injection technique

Some authors recommend an intraoral approach, but this does carry significant

risk of affecting the palatal function. The authors favour an external approach.

The neck of the mandible is identified just below the head. The needle is

introduced with the jaw closed or just closed immediately anterior to the upper

neck. A 23 gauge blue needle is used and advanced up to the hilt so that its tip is

into the body of the lateral pterygoid muscle. This access is limited and contact

with the bone is common and this can be painful. The patient should be warned

that if the needle touches the periosteum then significant pain would be felt.

In dystonia, a commencing dose of 40 units of Dysport (about 10 units of

BOTOX�) is reasonable and unlikely to lead to significant side effects. The authors

do not use EMG to locate the muscle and have not found a need for this, as the

success rate of the injection in weakening the lateral pterygoid is virtually 100 per

cent. However, those that are unfamiliar with injecting in this area may prefer the

reassurance that EMG can give.

The anterior belly of digastric can be more difficult to inject. The greater

cornu of the hyoid is easy to palpate but the depth of the muscle is much more

difficult to estimate and so there is considerable risk of passing the needle right

through the muscle and injecting the floor of the mouth musculature. Therefore,

for accurate placing of the injection, EMG is recommended. A starting dose of

20�40 units of Dysport (about 5�10 units of BOTOX�) is reasonable.

7.4.2 Side effects

The principal risk with lateral pterygoid injections is weakness of the palate with

nasal escape and regurgitation of food or drink into the nose. This appears to

be more common with an intraoral technique.
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There is a rich venous complex in the infratemporal fossa and therefore a direct

venous injection can occur if the injector does not draw back on the syringe to

check for position.

Side effects from injections of the anterior belly of digastric at the recommended

doses are very unusual. The usual problem is a failure of the injection to produce

a desired effect and this may be due to poor position of the needle.

7.5 Jaw closing dystonia

This condition is broadly as common as jaw opening dystonia. Often the tongue

is involved and usually the bunched tongue variation is seen. The principle

muscles involved are the masseter and the temporalis. These muscles are easily

palpated and so history and palpation usually indicate whether one pair of muscles

dominates. The patient may complain of excess dental wear, cheek and tongue

biting and grinding of the teeth.

7.5.1 Injection technique

A simple transcutaneous injection is usually all that is required. A starting dose

of 60 units of Dysport is effective but often after several injections the dose can

be cut to 40 units. Occasionally, jaw clenching is seen as a spasticity problem after

head injury and occasionally after a stroke. In these cases the dose required may

have to be increased to 80�100 units of Dysport.

7.5.2 Side effects

These are unusual with injections for jaw clenching. Dry mouth can occasionally

occur, but this is usually only a problem after a number of treatment cycles.

7.6 The slewed jaw

This presents more of a diagnostic problem than the jaw with simple jaw

opening or jaw closing dystonia. It is sufficiently rare that when it is seen

the diagnosis should be carefully considered. The possibility of a focal lesion

involving the basal ganglia should be excluded and if there is a rhythmical slewing

movement then the cerebellum should be imaged. The main issue is to deter-

mine whether the medial pterygoid is involved. Usually the slewing does not

occur when the mouth is completely closed and the teeth are touching. Once

the teeth part, the degree of slewing increases. At the initial assessment EMG of

both pterygoid muscles can give information concerning relative over-activity

of one muscle. Another clue as to the site of the problem can be a complaint of

pain or discomfort. Usually, once the side has been determined, a unilateral
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injection into the medial pterygoid will produce a reduction in the tendency for

the jaw to slew to one side.

7.7 Palatal myoclonus

There are very few studies with regard to this disorder. Most patients complain

about the constant ticking noise in both ears. Some patients only get myoclonus

when the mouth is open, whilst an unfortunate few have the condition all the

time. The condition is covered later in Chapter 16.
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8

Spasticity

Anthony B. Ward
North Staffordshire Rehabilitation Centre, Stoke-on-Trent, UK

8.1 Introduction

Spasticity is a physiological consequence of an insult to the brain or spinal

cord, which can lead to life-threatening, disabling and costly consequences. This

typically occurs in the following patients following stroke, brain injury (trauma

and other causes, e.g. anoxia, post-neurosurgery), spinal cord injury, multiple

sclerosis and other disabling neurological diseases, and cerebral palsy. Its current

management has been advanced considerably over the last ten years by new

thinking and by new drugs and technology. Lance’s definition1 of 1980 is still

relevant and the impairment is classified as one of the movement disorders. It is

important therefore to stress when teaching on this topic, in order to highlight the

need for patients’ spasticity to be assessed while they are functioning. The fact that

many attempts have been made to define it shows the degree of its complexity, but

Young2 described spasticity as part of the upper motor neuron syndrome and

gave a definition as a velocity-dependent increase in muscle tone with exaggerated

tendon jerks resulting in hyper-excitability of the stretch reflex in association with

other features of the upper motor neuron syndrome.

He also described spastic dystonia and spastic paresis, which are somewhat

contentious terms, but do highlight the positive and negative features of the upper

motor neuron syndrome and these are set out in Table 8.1. Essentially, if left

untreated following damage to the brain or spinal cord, it is characterized by

muscle overactivity and high-tone spasms and will lead to muscle and soft tissue

contracture.

Applying this definition to patients in clinical settings has been difficult because

upper motor neuron lesions produce an array of responses. The pattern depends

on the age and onset of the lesion, its location and size. Patients with diffuse

lesions produce, for instance, different characteristics to those with localized

pathology and the speed of onset changes this again3. More recently, the SPASM
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Consortium in Newcastle upon Tyne, UK has tried to adapt the accepted

definition to a more practical base and make it more relevant to clinical practice

and to clinical research4. Its definition is as follows.

Assuming that all involuntary activity involves reflexes, spasticity is an intermittent or sus-

tained involuntary hyperactivity of a skeletal muscle associated with an upper motor neurone

lesion.

It takes as read, that there are a number of different syndromes seen following an

injury to the brain or spinal cord and that the assessment and management of

spasticity is one of a number of events that occurs. Its treatment should be planned

whatever the other features of the upper motor neuron syndrome.

Spasticity is also frequently classified by its presentation and divided into

generalized, regional and focal categories. The term focal spasticity is imprecise,

for it is not the spasticity that is focal, but that spasticity is producing a focal

problem that may be treated by local means. In this respect, botulinum toxin is

one of the pharmacological interventions of first choice and this will be discussed

in further detail below. In addition, its place in the overall management of

spasticity will be discussed.

8.2 Pathophysiology

The pathophysiology of spasticity will only be described here as it relates to therapy

with BoNT. Spasticity is not the only result of a damaged upper motor neuron. Its

definition is a velocity-dependent increase in stretch reflex1, but although patients

are easily recognized from their clinical picture, they are usually impaired by

weakness, muscle shortening, spastic co-contractions and spastic dystonia. The

pathophysiology is thus complex and while the actual problem of spasticity of

increased resistance to passive movement is part of a bigger picture, the

other aspects are fortunately also amenable to treatment with agents such as

Table 8.1. Upper motor neuron symptoms

Positive Negative

Increased muscle tone Paresis

Hyper-reflexia Loss of fine control

Repetitive stretch reflexes (clonus) Loss of dexterity

Extensor stretch reflexes Fatiguability

Released flexor reflexes Early hypotonia

(Babinski, mass synergy pattern)
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botulinum toxin. Muscle overactivity occurs in two scenarios. The first involves

high-stretch sensitivity when excessive motor unit recruitment occurs with

recruitment of stretch receptors and forms the stretch sensitive forms of muscle

overactivity, which includes spasticity itself, spastic dystonia and co-contraction.

These are distinguished by their primary triggering factor, phasic muscle stretch,

tonic muscle stretch or volitional command. The second scenario is found in

muscles that are not particularly stretch sensitive. They include associated

reactions, when there is extra-segmental co-contraction due to cutaneous or

nociceptive stimuli, or inappropriate muscle recruitment during autonomic or

reflex activities, such as yawning.

The definition of spasticity has been given above, but presents with muscle

overactivity in the absence of a volitional command1. It is thus measured in resting

muscles. Spastic dystonia is a tonic muscle contraction in the absence of a phasic

stretch or volitional command5. It is primarily due to abnormal supraspinal

descending drive, which causes a failure of muscle relaxation (despite efforts to do

so) and is sensitive to the degree of tonic stretch imposed on that muscle6. There is

inappropriate recruitment of antagonist muscles in spastic co-contraction upon

triggering of the agonist under volitional command. This occurs in the absence of

phasic stretch and is sensitive to the degree of tonic stretch of the co-contracting

antagonist7. For instance, triceps will be recruited during volitional action of

biceps and will lead to elbow stiffness.

The resultant pattern is determined by the age, size and location of the lesion

and knowing this helps with management. Supra-bulbar lesions present

predominantly with flexor patterns of spasticity, whereas spinal cord lesions

produce extensor patterns predominately. Patients with partial lesions, where

sensation is intact or partially intact, are typically bombarded by nociceptive

inputs and display greatly increased a-motor neuron activity. Different patterns

emerge early on after the neurological insult and later, when patients may find

themselves in a rehabilitation unit. Figure 8.1 shows the effects of the different

scenarios.

Immediately after injury, a period of neuronal shock occurs and spinal reflexes

are lost, which include stretch reflexes. A flaccid weakness is seen, but even

during this, the positive features of hypertonia can start to be seen. Limbs are

not sufficiently stretched and may be immobilized is shortened positions.

Rheological changes occur within muscles in the form of loss of proteins and

sarcomeres and accumulation of connective tissue and fibroblasts8,9. Unless

treated, tendon and soft tissue contracture and limb deformity are established.

Altered sensory inputs, such as pain, recurrent infection and poor posture,

maintain a further stimulus to lead to yet further shortening and this cycle is

difficult to break.
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Spasticity is set up later on, as plastic rearrangement occurs within the brain,

spinal cord and muscles. This attempt at restoration of function through new

neuronal circuitry creates movement patterns based on existing damaged path-

ways. Neuronal sprouting occurs at many levels with interneuronal endings

moving into unconnected circuits from decreased supraspinal command through

the vestibular, rubrospinal and reticulospinal tracts10. The end-effect is muscle

overactivity and exaggerated reflex responses to peripheral stimulation11. This

process occurs at anytime, but is usually seen between 1 and 6 weeks after the

insult. Muscle overactivity declines over time and the following are suggested as

possible causes:

• Structural and functional changes due to plastic rearrangement

• Axonal sprouting

• Increased receptor density

In reality, biomechanical stiffness takes over and tends to diminish exagge-

rated a-motor neuronal activity.

The upper motor neuron syndrome covers a range of impairments, which are

also governed by the pathways damaged (Figure 8.2). In addition to afferent drive

changes affecting the spinal reflex, there are problems with efferent reflexes (non-

afferent drive) and disordered control of voluntary movement. Both tend to occur as

a result of plastic rearrangement and efferent drive problems are linked with

associated reactions and spastic dystonia, whereasmotor control problems include

reciprocal inhibition, co-contractions, mass movements and phasic stretch

reflexes (Table 8.2).

Figure 8.1 Development of spasticity after UMN damage8.
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Figure 8.2 Schematic of the features of the upper motor neuron syndrome.

Table 8.2. Features of the upper motor neuron syndrome

Impairment Description

Afferent drive Stretch reflexes Type 1a afferent active in shortened muscle; as

limb progressively stretched, type II inhibition

over-rides type 1a facilitation and clasp knife effect

occurs � tonic stretch reflex plus length dependent

inhibition from flexor reflex afferents � not Golgi

organ inhibition

Nociceptive and

cutaneous stimuli

Failure to inhibit increased a-motor neuron

activity. g-neurons possibly not as overactive as

a, but a�g linkage held to near-normal degree.

Efferent drive Associated reactions Segment movements occur involuntarily during

unrelated activity

Spastic dystonia Tonic muscle contraction12 in the absence of phasic

stretch or voluntary command. Muscles do not

relax despite antagonist action and relaxation.

Sensitive to amount of tonic stretch on muscle.

Disordered

voluntary

Reciprocal inhibition Agonist muscle action inhibits antagonist. May lead

to co-contractions (decreased) or contribute to

weakness (increased), e.g. spastic foot drop

Motor control Co-contractions mass

movements phasic

muscle stretch (4)

Inappropriate recruitment of antagonist following

voluntary agonist action. Mainly due to abnormal

supraspinal motor drive and can be brought on

by overactive muscle stretch

Failure to inhibit motor activity spread
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8.3 Why treat spasticity and prevent complications?

Spasticity is in itself disabling and leads to complications. There are therefore very

good clinical, humanistic and economic reasons to treat it effectively and

judiciously. As it leads to muscle shortening and limb deformity, the following

can occur:

• Contractures

• Pressure sores

• Limb deformity

• Pain

• Muscle spasms

• Loss of function

• Inability to participate in rehabilitation

The misery of painful spasms or of tendon traction from bones is well

known and the complications will prevent patients achieving their optimal

functioning. Deconditioning from ill-health and pain will also have a negative

effect and patients and their carers may find reduced quality of life. Untreated

or sub-optimally treated spasticity will go on to give the following consequences

(Table 8.3).

In addition to the human cost, it is important to highlight the economic cost to

payers and health service managers. The cost of treating a Grade III/IV pressure

sore was estimated at £63 00013 and the cost of treating a contracture is thought to

be £21 00014 (estimated cost, £4000�6000). This puts into perspective the poten-

tial costs of inadequate treatment of patients with upper motor neuron syndrome.

8.4 Epidemiology

The prevalence of spasticity is not known, as there are many patients with

mild spasticity for whom little or no treatment is required for their condition.

However, 18 per cent of patients with severe traumatic brain injury, 16 per cent

Table 8.3. Impact of spasticity on health

• Unremitting pain from muscle spasms, limb deformity and pressure on pressure points

• Treatment for pressure sores and other tissue viability problems

• Contractures leading to abnormal body segment loading and sensory change

• Limb deformity and altered body mechanics

• Need for special wheelchairs and seating and pressure-relieving equipment

• Progression to degenerative joint disease

• Altered body image

• Mood problems
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of patients following stroke and 60 per cent of patients moderately and severely

disabled by multiple sclerosis (30 per cent of the total population of multiple

sclerosis patients) require specific treatment15. In a hospital catchment popula-

tion, such as that of the University Hospital of North Staffordshire, 600 new

strokes occur annually and there is a prevalence of 300016. In addition, there is a

prevalence of patients with traumatic brain injury17 and with multiple sclerosis18.

The burden on health care in any district could therefore be quite considerable.

The pharmacological budget for spasticity has traditionally not been the subject of

controversy, as oral antispastic agents have been relatively cheap. However, this

has changed with the arrival of new technologies, such as botulinum toxin and

intra-thecal baclofen and health payers have become concerned at a potential rise

in costs in a market, where there has traditionally been a small budget. As the

number of patients requiring spasticity treatment is unknown, there was consid-

erable fear in the potential for patients requiring these new technologies. As a

result, it has become important to inform policy makers and payers of the likely

costs of treatment to a population, as not all patients with an upper motor neuron

syndrome require spasticity treatment, let alone botulinum toxin.

There are no incidence and prevalence figures for spasticity, but our early

brain injury study estimates that 16 per cent and 18 per cent of first time

stroke sufferers and patients following traumatic brain injury respectively

require spasticity treatment15. A third of these (in each group) require botulinum

toxin treatment. Sixty per cent of severely disabled patients frommultiple sclerosis

and 25 per cent of adults with cerebral palsy also require spasticity treatment,

but the figures for those requiring botulinum toxin are unknown.

Put in terms of a 250 000 UK population, this equates to:

• 320 new first time strokes with a prevalence of 1675 people

• 48 people with severe traumatic brain injury with a prevalence of 260 people

• 500 people with multiple sclerosis, of whom 100 are severely disabled

• 31 adults with cerebral palsy

• Plus other conditions affecting the upper motor neuron

About 500 patients require spasticity treatment at some time and approximately

a third of these require botulinum toxin treatment for focal spasticity, which is

becoming increasingly used in rehabilitation medicine, neurology, geriatric

medicine (stroke medicine), paediatric orthopaedic surgery and, in certain

places, neuropsychiatry.

8.5 Management principles

Spasticity requires treatment when it is causing harm and this is the sole

indication. Some patients early on after their stroke or brain injury are helped
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by their spasticity. For example, patients may start to support their weight by

using their spastic lower limb when the degree of weakness in the leg would not

otherwise allow it. Clearly, for these patients, reducing muscle tone would not be

helpful, but it requires treatment when it causes problems or symptoms. Successful

treatment strategies have now been developed and there is good evidence of

treatment effectiveness. Physical management (good nursing care, physiotherapy,

occupational therapy) through postural management, exercise, stretching and

strengthening of limbs, splinting and pain relief is the basis of spasticity

management18. The aim of treatment in all cases is to reduce abnormal sensory

inputs, in order to decrease excessive a-motor neuron activity8. All pharmaco-

logical interventions are adjunctive to a programme of physical intervention.

‘A Guide to Clinical Practice for the Treatment of Adults with Spasticity using

Botulinum Toxin’ (supported by the Royal College of Physicians of the London

Clinical Effectiveness and Evaluation Unit and by specialist societies in neurology,

rehabilitation medicine, geriatric medicine, physiotherapy, occupational therapy)

was produced in April 200120 and is currently the most useful document

highlighting clinical practice and the evidence base for treatment with this

agent. Stretching plays an important part in physical management, but needs to

be applied for several hours per day21. This is of course impossible to do on a one-

to-one basis with a therapist and limb casting has been developed in this field to

provide a prolonged stretch.

Clinicians in practice have to become used to being more specific about their

treatment aims than they have perhaps been used to before. Payers and the health

care economy are demanding greater clarity about its use and clinicians have

therefore to be clear about why they are treating patients with BoNT. It is essential

to discuss the treatment aims and expected outcomes with the patient, carer and

the treating team and everyone must be clear on what is to be done and what

the expected outcomes are. To achieve this a management strategy is adopted

(Figure 8.3), which shows the treatment principles adopted in specialist units. This

system recognizes the educational element of spasticity management.

Following an injury to the brain or spinal cord (whatever the cause), an

individual develops features of the upper motor neuron syndrome. These are for

life and therefore their management is for life. Any medical intervention, be it

pharmacological or surgical, is an intermittent episode in the overall life of that

‘upper motor neuron syndrome’. Therefore one has to look at the long-term

picture when treating patients. The only long-term treatments are those stretching

and mobilizing exercises that patients do themselves and any medical intervention

should aim to see a sustained benefit from treatment over time. In other words,

clinicians should wish to see a long-term improvement in the functioning (be it

active or passive) of the patient.
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Successful spasticity management is a multidisciplinary activity. Clinicians

working in isolation should not be treating patients without the support of a

multidisciplinary team. It is first necessary to manage any underlying provocative

factors such as nociceptive stimulus, e.g. poor posture, constipation, incontinence,

limb pain, and skin or tissue damage. Even tight clothing can cause an increase in

sensory stimulation and the role of the nurse in managing these factors is crucial.

Once they have been dealt with, spasticity may still require more active

management and the team can then discuss with the patient and carer the

available options. Some will be physical treatments and some will be pharmaco-

logical or medical/surgical interventions. A management plan is therefore devised

for each patient. Management is not a question of moving from one treatment

to another when the first fails. Patients should be exposed to the appropriate

choice of treatments to meet their needs.

The pharmacological options depend on the pattern of the presenting

problem. Figure 8.3 shows the drugs of choice for generalized, regional and

focal spasticity and these are guides. One does not see focal spasticity as such.

One sees a focal problem in the context of a generalized impairment. Man-

aging spasticity involves dealing with the patient’s problems and not simply

the impairments seen. However, oral drugs are more useful for generalized

problems than focal problems, for which BoNT is the pharmacological treatment

of choice.

Figure 8.3 A management strategy for adults with spasticity20.
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8.6 Planning treatment

It is important to develop a treatment plan as soon as possible, so as to be clear

about the intended outcomes. To reiterate, the underlying principles are that:

1. Antispastic drugs treat spasticity. They do not treat contractures and they will

not make hemiplegic limbs function, unless it is the spasticity that prevents a

functional improvement.

2. The management of spasticity is physical and all pharmacological interventions

are adjunctive to that.

With this in mind, the treatment plan follows a standard pathway (Table 8.4).

It is therefore important to develop a system of assessment and of clinical

examination for spasticity. The first point to find out is what the patient wants and

their view of what is wrong. Outcome expectations can be discussed and the team

can evaluate any unrealistic goals.

8.6.1 Patient assessment

Spasticity is a movement disorder and patients cannot be adequately assessed

unless they are observed during movement and function. Physiotherapists and

occupational therapists contribute to the observation and examination process,

but some patients with complex movement patterns need assessing in a gait

laboratory. The assessment process highlights the differences in patterns of limb

posture and movement following an upper motor neuron lesion. Where there is

no movement, the assessment process is fairly straightforward, but where there is

loss of motor control rather than a spastic dystonia, one has to attempt to identify

the different aspects of motor impairment. Patients with longstanding problems

also develop compensatory movements, which may or may not require treat-

ment and the clinician has to be clear about the underlying pathophysiological

processes.

One can then identify how function is impaired and whether the problem is

generalized, focal, or more regional. This will then point to the options for

treatment, but, if BoNT is planned, then more specific detail is required about

Table 8.4. Principles of treatment

Assessment

Define goals for treatment

Identify expected outcomes

Measurement

Treat patient according to guidelines

Review and record details of treatment outcomes
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which muscles are contributing to the functional impairment. The clinician

therefore has to learn about functional anatomy as well as surface anatomy, when

therapeutic injections are planned (Table 8.5).

Traditionally, BoNT has not been used early on following a stroke or brain

injury, but there is now evidence of its safety within a few days of the event, even

during the patient’s stay in the intensive care unit15. The indication for

pharmacological treatment therefore is when spasticity is causing the patient

harm. Some patients early on in their rehabilitation following a stroke or brain

injury use their spasticity to walk on, when their weakness would otherwise not

allow it. Clearly, treating the spasticity here would not be helpful and physical

measures to utilize the developing movement patterns would be the treatment of

choice, but where the spasticity gives rise to problems for either the patient or the

carer, then treatment is required.

It is sometimes quite difficult to distinguish between severe spasticity and

contracture formation, but it is important to do so. The clinicians and the patient/

carer can then know what anti-spastic treatment can or cannot achieve and

realistic expectations can then be identified. Severe, inadequately-treated spasticity

will go on to develop a limb contracture through shortening the muscle and

tendons, as described above. A contracture may be fixed and will require serial

splinting or surgery to correct it, but before it becomes fixed, the spasticity

contributes to a dynamic contracture and treating the underlying spasticity may

allow easier treatment of the contracture. One way to do that is to sedate patients

with a short-acting benzodiazepine, such as midazolam. This can be done quite

safely in the ward and a pulse oximeter is used to ensure an adequate and safe

oxygen saturation. Four milligrams of midazolam is injected intravenously and a

further 1mg is injected every 30 s until the patient falls asleep and loses their

corneal reflex. This relaxes spastic muscles and allows the range of passive joint

movement to be assessed. The sedation is quickly reversed by injecting 200 mg of
flumazenil. This too is titrated by injecting 100 mg every 30 s until the patient wakes
up and can be further assessed while functioning. The anti-spastic effects of the

midazolam will last for an hour or two thereafter. It is advisable to use a general

anaesthetic for children, as the midazolam may not sedate sufficiently to achieve

the desired effect and will, in some cases, simply disinhibit the child! A local

anaesthetic nerve block can also be used equally well, but is perhaps more time-

consuming. One particular use is in assessing patients who externally rotate their

leg during walking. The adductor muscles can compensate for weak hip flexors

and the patient can rotate the leg accordingly. Blocking the obturator nerve

reduces the function of the adductors and it is then possible to see the degree of hip

flexor weakness, so that a programme of muscle strengthening can be started

rather than of BoNT injections which weaken the adductors.
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8.6.2 Aims of treatment

There has to be a guide to defining the aims of treatment because patients have

individual programmes of rehabilitation. As spasticity covers a range of clinical

scenarios, it is tempting to use BoNT in a random manner, which may thus

diminish its value. Although there are a wide number of reasons to treat spasticity

with antispastic drugs and botulinum toxin in particular, the actual indications are

quite specific and clinicians should follow these closely20. Patients may fulfil more

than one indication, e.g. pain relief and care management, but it is inappropriate

to give BoNT simply to ‘see its effect’. There are many other ways, as described

above.

The five indications are shown in Table 8.6.

Table 8.6. Indications for antispastic treatment

Indication Example

Functional

improvement

Mobility: enhance speed, quality or endurance of gait or

wheelchair propulsion

Improve transfers

Improve dexterity and reaching

Ease sexual functioning

Symptom relief Relieve pain and muscle spasms

Allow wearing of splints/orthoses

Promote hygiene

Prevent contractures

Aesthetic improvement Enhance body image

Decrease carer burden Help with dressing

Improve care and hygiene

Positioning for feeding, etc.

Enhance service responses Prevent need for unnecessary medication and other treatments

Facilitate therapy

Delay or prevent surgery

Table 8.5. Patient selection checklist

What are the problems and will BoNT help?

Is there a significant component of muscle overactivity to treat effectively with BoNT?

Is the problem localized to a number of muscles?

Is there a clear aim for treatment?

Are the advantages of BoNT treatment clear?

Are there any contraindications to BoNT injection?

How will treatment outcomes be evaluated and are there appropriate measures to use?
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In essence the assessment process for BoNT treatment aims to answer the

questions shown in Table 8.6.

The assessment process determines the most appropriate treatment and the

outcome measures that should be employed. These will be discussed later.

8.7 Medical interventions in the treatment for spasticity

These are well known and this section will only give a brief overview in relation to

the place of BoNT in patient management. To reiterate, all medical interventions

are adjunctive to a programme of physical treatment. All the medical interventions

described can be given with BoNT and the assessment process should determine

the management plan with the whole range of interventions in mind.

Table 8.7 gives a brief description of the available treatments that have been

proven to be effective. There are others, but most people will be initially subject to

an oral antispastic agent, such as baclofen or dantrolene sodium. Most clinicians

will feel reasonably comfortable with using these two drugs and much has been

Table 8.7. Current proven effective treatments

Treatment Value Problems

Oral agents Baclofen and Dantrolene cheap 40 per cent of patients unable either to tolerate

oral agents because of side effects or unable

to produce an adequate antispastic effect

before side effects occur

Tizanidine (seven times cost)

Gabapentin/Pregabalin

Botulinum toxin Effective for focal spasticity Seen as expensive, but good value over the

four-month effect of the drug budgetary

limits. Reversible effects. Considerable

benefit to management

Simple to prescribe

Simple intramuscular injection

Need trained clinician to treat

Phenol nerve and motor

point block

Cheap drug Expensive to give in clinical time. Painful to

give. Potential for severe complicationsTime consuming to give

Intrathecal baclofen Expensive hardware Need for prolonged inpatient assessment

required. Requires patient compliance and

education. Need proper contract to deal

with pump renewals

Seven and a half year guaranteed

life

Intrathecal phenol Technically more difficult Only indicated for very severely disabled

patients with limited life expectancy.

Must be incontinent

Lumbar puncture required

Cheap product

Surgery Neurosurgical and orthopaedic

procedures expensive, but

valuable

Limited indications

and patients

Painful, irreversible, invasive

Variable results and effectiveness

Paraesthesiae, bowel/bladder changes
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written about them in other texts21,22. They tend to be used as first-line treatments,

but there are occasions when this is ill-advised. Both these drugs can harm the

brain’s ability to repair after injury and should only be given after serious

consideration of all the factors in the patient’s care23.

Most drugs alter chemical neurotransmitter action in the central nervous

system (CNS), but some like tizanidine and the benzodiazepines also have a

peripheral muscle action. Neurotransmission is stimulated by glutamate inhibited

by gamma-aminobutyric acid (GABA) and modulated by serotonin (5HT). Drugs

acting on these, such as the oral agents, can therefore modulate the response of the

brain or spinal cord. BoNT is therefore quite different in its action and only works

peripherally at the neuromuscular junction by blocking the release of acetyl-

choline at presynaptic nerve terminals24,25. This gives only a local result and does

not control generalized spasticity. As a result, pharmacological agents should be

used in as a specific way as possible within the management principles described

above. For example, if the problem is a spastic hand in a functionless limb after a

stroke, the treatment of choice will be BoNT followed by physical therapy and

splinting to maintain the benefit, whereas the management of generalized spasms

will be best tackled by an oral antispastic drug.

8.7.1 Oral agents

The use of baclofen and dantrolene sodium has not changed much over the

years6,21, but some newer products have emerged. However, most give trouble-

some side effects or idiosyncratic problems and care must be used when they are

given. An audit of the patients attending the North Staffordshire Rehabilitation

Centre in 1999 showed that 40 per cent of them could not tolerate oral agents

because they either developed side effects or could not achieve an optimal dose to

treat their spasticity effectively before side effects appeared8.

Baclofen

Baclofen is a structural analogue of gamma-amiobutyric acid (GABA) and binds

to GABA-B receptors both pre- and post-synaptically26,27. After oral administra-

tion, it is rapidly and completely absorbed from the gastro-intestinal tract, with

peak plasma levels occurring 1�2 hours after administration. Its plasma half-life is

approximately 3.5 hours (range 2�6.8 hours). The serum protein binding rate is

approximately 30 per cent. Seventy to eighty per cent of baclofen is excreted in

unchanged form through the kidneys within 72 hours and a small proportion

(about 10 per cent) is metabolized in the liver28. It can cross the placenta and only

a small amount can cross the blood�brain barrier29.

Baclofen has been used as an anti-spastic drug for over 30 years and most of

the clinical trials in several countries involving patients mostly with multiple
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sclerosis and spinal cord lesions, has proved that baclofen is quite effective in

reducing spasticity and sudden painful flexor spasms30. However, most of the

studies failed to demonstrate improvement of mobility and activities of daily

living31. There have been very few studies investigating the effect of baclofen in the

treatment of spasticity of cerebral origin and the results described suggest a more

limited benefit than that achieved among patients with multiple sclerosis and

spinal cord lesions32. The recommended oral dosage range from 40 to 100mg daily

and begins with small doses, which gradually titrate to achieve an optimal clinical

response with minimal side effects. If the therapeutic effects are not evident in

6 weeks, it may not benefit the patient to continue with the therapy. Elderly

patients are more susceptible to side effects and small initial doses with gradual

increments under careful supervision are advised. In children, dosages in the range

of 0.75 to 2.5mg�1kg body weight should be used and treatment usually initiates

with 2.5mg four times daily with gradual increments at approximately three day

intervals until a therapeutic response is achieved.

Dantrolene sodium

Dantrolene acts peripherally on muscle fibres, where by suppressing the release of

calcium ions from the sarcoplasmic reticulum, it dissociates excitation�
contraction coupling and diminishes the force of muscle contraction33.

Placebo-controlled trials of dantrolene have demonstrated that it is superior to

placebo in spasticity due to a variety of conditions and this is shown by muscle and

reflex responses to mechanical and electrical stimulation and by clinical

assessment of disability and activities of daily living34. It tends to be generally

preferred for spasticity due to supraspinal lesions such as stroke, traumatic brain

injury or cerebral palsy and some workers have suggested that stroke patients are

more likely to improve with dantrolene35,36. Others have found that it neither

altered muscle tone clinically or functional outcome in patients with hemispheric

stroke when commenced within 8 weeks of onset of stroke37. It was reported that

patients with spinal cord injury also responded well to dantrolene38, but was

somewhat less effective in patients with multiple sclerosis (MS)39,40.

Dantrolene may cause side effects, such as drowsiness, dizziness, weakness,

general malaise, fatigue and diarrhoea at the start of therapy, but these are

generally mild. Muscle weakness may be the principal limiting side effect in

ambulant patients, particularly in those with multiple sclerosis with pre-existing

bulbar or respiratory muscle weakness40. Dantrolene is associated with idiosyn-

cratic symptomatic hepatitis, which may rarely be fatal in 0.1 to 0.2 per cent of

patients41,42. The risk occurs at all doses, but is more frequent in patients taking

over 400mg per day and in women over 35 years with concomitant medication

such as oestrogen. Hence, liver function tests should be checked periodically
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during dantrolene therapy. Pleuro-pericardial reactions with eosinophilia have

been reported43.

Tizanidine

Tizanidine has a long history of use in continental Europe, which has more

recently extended to the UK and USA. A number of studies have clearly demon-

strated its benefit in spasticity due to multiple sclerosis and spinal cord injured

patients, but definite functional improvements have not been shown44�46. It is

also comparable to baclofen in efficacy in multiple sclerosis or spinal cord injured

patients47�50. It was similarly efficacious in comparison with diazepam in

hemiplegia due to stroke and traumatic brain injury and allowed significantly

better walking distance ability51. Tizanidine also had a favourable adverse effects

profile, although sedation remained a prominent side effect52.

The dose is titrated over a 2 to 4 week period to a maximum of 36mg per day,

divided in three or four doses. Anecdotally, and certainly at higher dosages, seda-

tion is still a limiting factor, and dryness of mouth, drowsiness, somnolence,

insomnia, dizziness, postural hypotension and muscle weakness are all reported.

Visual hallucinations and liver function test abnormalities also occur with

clinically significant increases in liver enzymes in 5�7 per cent of patients53.

In particular, liver problems have been reported with concomitant administration

of baclofen, diazepam, flurazepam and diclofenac54. An assessment of the liver

function test is therefore recommended before starting tizanidine and then after

a month of treatment.

Benzodiazepines

The antispastic effect of benzodiazepines is mediated via GABAA receptors, which

consists of a GABA recognition site, a benzodiazepine binding site and a chloride

ion channel55. Among benzodiazepines, diazepam was the earliest antispasticity

medication used in clinical practice, but is not much used now because of its

daytime sedation. It is effective and compares well to baclofen in multiple sclerosis

and spinal cord injured patients56. Other benzodiazepine analogues such as

clonazepam, are used in epilepsy and have been compared to baclofen in mainly

multiple sclerosis patients57. It was found to be equally effective as diazepam, but

it was less well tolerated due to adverse effects such as sedation, confusion and

fatigue, resulting in more frequent discontinuation of the drug. It is thus used

mainly for suppression of nocturnal painful spasms.

Gabapentin

Gabapentin is useful when there is pain and particularly when there is cortical

dysaesthesia giving rise to abnormal sensory inputs. Like other oral agents, it is
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poorly tolerated in a significant proportion of patients and its use is therefore

limited. Clinicians are now also using pregablin in this context too.

Cannabis

There has also been a lot of interest in the use of cannabinoids following the

identification and cloning of cannabinoid receptors located in the central nervous

system and by the discovery of the endogenous cannabinoid ligands.

Cannabinoids are also efficacious in animal models of MS. However, there have

been only ten published clinical reports on the use of cannabis in MS, involving

78 individuals worldwide, and the results have been equivocal. Researchers

encounter a number of difficulties in designing clinical studies that use

cannabinoids. From the studies reporting the use of cannabinoids in MS patients

with spasticity, the somewhat better designed studies failed to demonstrate

objective improvement. Therefore, convincing evidence that cannabinoids are

effective in MS is still lacking58.

Much of the evidence that cannabinoids could help spasticity symptoms is

anecdotal. The recent CAMS study in multiple sclerosis patients compared oral

cannabis extract and �9-tetrahydrocannabinol with placebo in 667 patients

with stable multiple sclerosis and muscle spasticity in 33 UK centres over a

15 week period. The primary outcome measure was a change in the Ashworth

scale. Treatment with cannabinoids did not have a beneficial effect on spasticity,

but there was evidence of a treatment effect on patient-reported spasticity

and pain59.

8.7.2 Intrathecal baclofen

The technique of placing baclofen at its site of action in the spinal cord has

really taken off in the last ten years with the introduction of programmable

electronic pumps. The main indication is for people with paraplegia and

tetraplegia, who are unable to tolerate or respond adequately to oral antispastic

drugs. The development of intrathecal baclofen has followed that of intrathecal

morphine for unremitting cancer pain60. The treatment consists of the surgical

fitting of a pump in the anterior abdominal wall attached to a subcutaneous

catheter tunnelled around the trunk and inserted into the spinal canal at about

the L2/3 level. The catheter is then placed up to a level between D8 and D10.

This allows baclofen to be delivered in the spine at higher concentrations than

would be possible with oral administration and without the expected CNS

side effects61.

It is particularly useful in both brain and spinal cord injured patients, who do

not have residual functioning, but the pump settings can also deliver doses in a

highly specific manner to allow ambulant people to balance the weakening effect
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of baclofen against the spasticity required for weight support and joint mobility.

The appearance of electronic programmable pumps has made a great difference to

the ease of pump management for both patients and their medical attendants

by allowing the delivery of the drug in one of many ways. They can deliver a

single bolus or provide a continuous infusion of baclofen throughout the day.

A phasic response may also be employed to deliver a different dose at different

times of day by programming the pump’s built-in computer. This gives a very

precise antispastic control to achieve patient functioning, but some degree of

compliance is required for this, as potential complications exist. Mechanical faults

and human error in setting up the pump are known and baclofen is a CNS

depressant and thus overdosage can lead to respiratory depression and coma,

which may be fatal unless rapidly treated62. Deaths have also been reported due to

overdosage due to faulty dosing calculation63. Mechanical pump failure has been

reported, but this is now improving with better technology64. Complications of

the surgery are also becoming less common, but CSF collection and leaks and

headaches are occasionally seen65.

8.7.3 Chemodenervation

Phenol nerve blockade

Chemical neurolysis describes a destructive process of a nerve. Both alcohol

and phenol have been used in this way, but the former is not greatly employed in

the UK or USA. It is different from the ion channel blockade of local

anaesthetics66. Intrathecal 2�5 per cent phenol was first described to carry out

regional blockade67,68 and has enjoyed a little revival. Motor point injections were

then used to reduce the morbidity associated with spinal injections, but were time

consuming and had a variable effect. As a result, a perineural injection was

developed using a 3�6 per cent aqueous solution, which has allowed groups of

muscles to be blocked, when more proximal nerves are injected. This provides an

initial local anaesthetic effect, which is later followed by blockade 1 hour later as

protein coagulation and inflammation occur69. Wallerian degeneration then

occurs later on before healing by fibrosis starts after about 4�6months. This leaves

the nerve with about 25 per cent less function than before, but does not

disadvantage people with little or no residual function, as a mild progressive

denervation can be beneficial in reducing spasticity70. Khalili et al. first pioneered

nerve blockade71 and re-growth of most axons is seen with preservation

of g-neurons70. This means that, unlike BoNT, phenol can reduce spasticity

without reducing strength to the same extent. The effect is concentration and

volume dependent72 and concentrations above 3 per cent are more likely to result

in histological change73.
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The indications for use are as an alternative to BoNT or surgery in the treatment

of focal problems and has about the same efficacy as BoNT74. The effect can last

for 4�6 months, which is slightly longer than that of BoNT and the renewal of

muscle overactivity is probably due to nerve regeneration75. It can also be a useful

addition to BoNT in allowing a wider distribution of chemodenervation, as

described above. It is not really a first line alternative because of its potential for

harm. The main problems are that it takes time to give and therefore can only be

done where suitable facilities exist. As it can cause tissue necrosis, great care is

required to give as little phenol as possible. Placement of the needle is therefore

critical. Nerves are located by stimulation at 1�2Hz and a muscle twitch responds

to it. When the stimulus intensity is <1mA, the needle is optimally placed and the

smallest amount of phenol is injected perineurally so that the muscle stimulation

ceases. The patient feels a burning sensation, whichmay be unpleasant76. Themain

problems occur later with vascular problems, reported as producing local oedema

and venous thrombosis77. This can produce a localized tissue necrosis, which may

take considerable efforts to treat. Dysaesthesia is perhaps one of the most

distressing complications and will occur if the phenol is placed in proximity to

sensory nerve fibres. As a result, only certain nerves are recommended for phenol

chemoneurolysis. These are the obturator nerve (purely a motor nerve), which will

treat adductor and gracilis spasticity and the musculocutaneous nerve, which

supplies the biceps brachii, brachialis and coracobrachialis muscles. It has a small

sensory component, for which gabapentin is very effective in treating. It is worth

giving the patient a prescription for this drug, as one gives the phenol, so that

patients can start treatment the moment they notice the complication. The tibial

nerve may also be treated in experienced hands for triceps surae spasticity by

blocking the nerve in the popliteal fossa. The nerve has separate sensory andmotor

bundles and the latter can be isolated after training. Although phenol is cheap and

a lot cheaper than BoNT, its total cost is about the same as that of BoNT, if the

clinician’s time (it may take up to 45�60 minutes to perform a nerve block

compared to a few minutes for a BoNT injection) and the need for more

specialized facilities are taken into account. To this must be added the considerable

cost of gabapentin and the potential cost of ulcer treatment. On top of this is, of

course, the human misery of these complications.

Five per cent intrathecal phenol in glycerin is given on infrequent occasions for

the management of paraplegia. With the patient lying on one side and with the

foot of the bed down, 1�2ml are instilled via a lumbar puncture needle.

Afterwards, the patient lies on his or her side for 2�4 hours. The phenol is heavier

than CSF (specific gravity 1.25 compared to 1.007 for CSF) and the phenol will

sink distally. The patient may notice a tingling sensation. One to two days later,

the procedure is repeated with the patient lying on the other side. Alcohol, on the
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other hand, is lighter than CSF and the foot of the bed should be raised to an angle

of 25�. The procedure is only indicated for people with progressive disease, who

are refractory to other antispastic treatments and who have no ambulatory

function. It is also only indicated for those already rendered incontinent, as the

phenol will otherwise lead to permanent urinary and faecal incontinence.

Terminally-ill MS patients are the main group of patients for whom this treatment

is given, when they have severe spasticity and do not have the ability or resilience to

cope with intrathecal baclofen treatment. In addition, the surgical placing of a

pump designed to last for 8 years has to be counterbalanced by the risks to the

patient and logistics of living with a pump. The block is usually painless, as

the phenol exerts a local anaesthetic effect and the procedure can be repeated

as required.

8.7.4 Botulinum toxin

Doctors who wish to inject BoNT must be trained, as gaining the necessary skills

requires time and commitment. The placing of the injection accurately is

straightforward, but to get good results does require careful thought and

planning. BoNT has a great propensity to seek neuromuscular junctions, but

placing the toxin as near as practical to them may achieve better results and may

possibly allow a smaller dose of the drug to achieve the same clinical outcome.

A sound knowledge of anatomy is therefore necessary. Dilution is also an

important factor and more dilute solutions have a greater ability to be taken up in

neuromuscular junctions. A recent study showed a good response in the

neuromuscular junction uptake of BOTOX� when 5ml dilutions (20Uml�1)

were injected in a four point pattern in biceps brachii muscle compared to 1ml

dilutions (100Uml�1). These were both compared to motor point injections

of 1ml dilutions (100Uml�1)79. Three preparations of botulinum toxin are com-

mercially available in clinical practices in Europe and the USA and their

differences have been highlighted in Chapter 5. These differences are perhaps

most easily seen in spasticity and dystonia treatment and some studies have

highlighted the inappropriateness of trying to find a fixed dosage ratio. It is better

for a clinician to learn the effect of a 100U BOTOX� or 400U Dysport� or 5000U

Myo/Neurobloc on, say, a biceps brachii muscle. A muscle chart is shown in

Appendix 8.1.

In addition, the drug should be placed in different locations of the muscle to

obtain an optimal effect. It is unwise to inject more that 50U BOTOX� or 200U

Dysport� or 2500U Myo/Neurobloc in any one site, as too much local denerva-

tion may occur with saturation of the nearest neuromuscular junctions78.

Appendix 8.1 gives a list of dosages for individual muscles.
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8.7.5 Muscle location

Electromyography and muscle stimulation

The use of electromyography (EMG) guidance and muscle stimulation is

generally favoured to locate muscles accurately for injection. This is not necessary

for large, superficial, easily visible muscles, but is advisable for smaller and deep

muscles and particularly applies to arm and forearm and lower leg muscles and

small inaccessible muscles around the jaw. The aim is to record muscle action

potentials and their interference pattern on muscular activation. This can

sometimes be difficult to interpret in view of mass synergies in spasticity and

either active contraction of the muscle or passive movements will inform the

injector of correct placement. EMG guidance is particularly useful in flexor

digitorum profundus and extensor digitorum communis muscles, which are

organized in muscular fascicles supplying each digit. Correct placement of the

needle can therefore allow neuromuscular blockade for each fascicle and thereby a

very accurate result. Observing muscle action potentials ensures that the needle is

in a muscle, but cannot always correctly identify which muscle. This is particularly

so in small muscles. The combination of this with muscle stimulation makes for a

more accurate assessment and gives the injector confidence of the actual location

of the needle.

The procedure is carried out using a hollow Teflon-coated EMG needle with

a sideport for syringe attachment. Motor point stimulation can also be carried

out to activate small intramuscular fascicles, but this is time-consuming. Its

advantage, however, is that it places the toxin as closely as possible to the

motor end plate, the binding area, but increased effectiveness has not been

shown in human studies. Animal studies would support a relationship between

dose-related diffusion and the muscle response80 and it is now important to study

humans. At the present time the avid binding of toxin to a presynaptic nerve

terminal would not necessarily make this vital for clinical practice. Motor

stimulation has been used primarily for nerve blockade and the immediate

expected response can authenticate the accuracy of the procedure. It is possible

that accurate localization through EMG guidance and muscle stimulation can

reduce the dose of toxin. This is obviously important for patients with progressive

disorders, such as MS, and for patients requiring repeated injections. In this way,

costs will be contained and the chance of antibody-mediated non-responsiveness

will be decreased. Again there is no direct evidence of this and opinions for and

against the technique have been based on a small number of patients in an

uncontrolled situation81,82. However, motor point injection with phenol takes

longer to do and the increased procedure time taken should be included in the

comparison of costs.
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8.7.6 Computerized tomography and ultrasonography

Routine computerized tomographic (CT) radiography location of muscles is not

justifiable from a safety point of view in view of the accuracy of the above

techniques. Ultrasound, on the other hand, has a useful place in locating both

superficial and deep muscles. It is safe, non-invasive and does not distress patients.

It is accurate, but does require the injector to learn the technique and to orientate

him or herself to the expected findings. Alternately, a radiographer/radiologist is

required, which increases both the cost and technical organization of the

procedure.

8.7.7 Clinical scenarios for botulinum toxin treatment

A description of some common injected muscles with their points of origin and

insertion and action are now studied.

Spastic shoulder and upper arm

The typical hemiplegic arm is adducted and internally rotated at the shoulder,

flexed at the elbow, pronated in the forearm and flexed at the wrist and hand.

Treatment should therefore be aimed at reversing this pattern. With increasing

spasticity, contractures occur at the shoulder and elbow and difficulties arise in

maintaining axillary hygiene. The clinical findings are due to overactivity in all

groups, but particularly the subscapularis muscle, the pectoralis group and to a

lesser extent the latissimus dorsi muscle. Injection of these muscles is indicated

followed by physical therapy. Pronator teres and pronator quadratus muscles are

responsible for the pronation deformity, but one should not forget the

contribution of brachialis muscle. Elbow flexors are powerful and are essentially

three in number. The first action of biceps brachii is to supinate the forearm before

flexing the elbow. Brachioradialis flexes in a neutral position and brachialis has

a pronatory contribution in flexion. If biceps alone is injected with BoNT, the

tendency to supinate will be reduced and the forearm will be more likely to

pronate, which of course is the reverse of the rehabilitative aim. Therefore,

injecting both biceps and brachialis is useful and will take 80�120U and

60�100U BOTOX� respectively. Alternately, a musculo-cutaneous nerve block

with phenol will achieve as good a result.

The clawed hand and flexed wrist

The flexor muscles in this deformity exert a greater influence than the extensors,

which results in flexion deformities of the wrist and small joints of the hand, as well

as pronation of the forearm. Flexor carpi radialis and ulnaris muscles are

responsible for flexion of the wrist and the lumbrical muscles for flexion of

the fingers at the metacarpophalangeal joints. The flexor digitorum superficialis
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muscle flexes the fingers at the proximal interphalangeal joints and the flexor

digitorum profundus muscle is responsible for flexion of the terminal phalanges.

It is important to differentiate between the action of these muscles as the first step

in planning accurate treatment. Thereafter, getting to know the surface anatomy

is helpful. Good hand function is impossible with a thumb in palm deformity,

i.e. an adducted flexed thumb in the palm and it is important to assess this. The

deformity is caused by overactivity in the opponens pollicis muscle and thumb

flexion is due to a combination of flexor pollicis longus and brevis muscle

shortening. Referral to Appendix 8.1 will help the injector find the right muscle to

inject, its location and the range of dosage for adults. In patients with coarse hand

function, it is sometimes better to leave a flexed stiff thumb terminal digit, as this

will assist pincer grip.

Hip flexor and thigh adductor spasticity

Scissoring of the legs is a common feature in non-ambulant severely disabled

people with paraplegia, due either to MS or spinal cord injury. Those affected,

usually obligate wheelchair users, are not able to stretch their legs sufficiently to

overcome hip flexor and adductor muscle shortening. With time, they become

flexed at the hip and knee and may develop windswept deformities, where one leg

becomes adducted and the other abducts. This is due to flexion deformities

exerting a gravitational influence and gives rise to difficulties with perineal

hygiene, dressing and with transfers. Patients often have considerable pain.

Injecting the adductor muscles with BoNT is useful in patients with true adductor

spasm, but is not the sole treatment of choice for many people. It is necessary to

address hip flexor spasticity and shortening in addition. The psoas major and

rectus femoris muscles are the two main flexors responsible for this. It also

prevents patients being unable to stand erect and it is most important to deal with

either of these muscles prior to the adductor group. Testing psoas is carried out by

the Thomas test, where fully flexing of one hip anteverts the pelvis. If the

contralateral psoas is shortened, the knee on that side will also flex and the degree

of fixed flexion deformity can be measured by the principle of parallel angles. This

manoeuvre is then carried out on the other leg. The length of the rectus femoris

can be measured through the Duncan�Elie test with the patient lying prone. If the

muscle is short, the patient will be unable to flex the knee fully without the bottom

rising off the bed and the angle at the greater trochanter can be measured.

However, many paraplegic patients find prone lying impossible and one can feel

the tension of the shortened upper tendon of the muscle when the hip is extended.

If one then abducts the leg and flexes the knee over the side of the couch, the lower

leg would normally drop to 90�. If it cannot, then the shortening can be similarly

measured.
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The psoas major muscle arises from the lateral aspect of the vertebral bodies

from T12 to L5, but the muscle is thin at T12 and L1 and lies posterior to the

kidney. It is thus wise to avoid injecting here, but the muscle is thick and well

rounded between L2�5. The lumbo-sacral plexus is closely applied at the L5 level

and it is probably advisable to steer clear from this area as well. The muscle is thus

injected with 50U BOTOX� (200U Dysport�) at L2, L3 and L4 to a total of 150U

BOTOX� (600U Dysport�) per muscle. Below L5, the muscle joins the iliacus

muscle at the pelvic brim and the two form the iliopsoas tendon to insert into the

lesser trochanter. The psoas rather than the iliacus is responsible for providing the

power to hip flexion. A considerable effect is achieved by injecting at L2, L3 and L4,

which deals with hip flexor spasticity more than adequately. The most sensitive

outcome measures for hip and thigh spasticity treatment are hip flexion deformity

angle changes (as demonstrated by the Thomas test) and the stride length and

walking speed (tested by a 10m walking time) in ambulant patients and by a

modified Ashworth scale in non-ambulant patients. Injecting the rectus femoris

muscle is straightforward, as the muscle is easily identified. The muscle arises from

the anterior inferior iliac spine and passes down the middle of the anterior thigh in

front of the vastus intermedius muscle. It joins the other components of the

quadriceps femoris muscle to insert into the tibial tubercle via the quadriceps

and patellar tendons. About 100U BOTOX� (400U Dysport�) is a reasonable

dose, but the patient should be warned that knee stability may be transiently

altered for a couple of weeks after the procedure. This is due to mild weakening of

the muscle.

Talipes equino-varus foot

A common feature of a spastic lower limb is an inverted plantar-flexed foot and it

is important to demonstrate that this is due to spasticity rather than to imbalance

between plantar flexor/inverter and dorsiflexor/everter muscles before treating it.

BoNT will not be effective if the deformity is simply due to weakness. Where

spasticity is the major feature, injecting the tibialis posterior and the posterior calf

muscles is used to achieve a straight foot for weight bearing or to fit an orthosis.

It thus facilitates standing transfers and allows the patient to stand on a flat foot,

which is essential for safe walking. If the patient cannot achieve proper base of

support, because the foot itself is flexed and inverted, it is necessary to inject the

short toe flexors (flexor digitiorum and hallucis brevis muscles). The best outcome

measures are the range of active and passive dorsi- and plantar-flexion at the ankle

and walking speed in ambulant patients. It is often necessary to inject all the

muscles, but differentiation between the contribution from the gastrocnemius

and soleus muscles and the achilles tendon contracture is easy clinically

and electromyographically and expertise comes with practice. Because the
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gastrocnemius muscle arises for the posterior aspect of the femoral condyles,

flexing the knee effectively lengthens themuscle. One would therefore expect to see

a greater dorsiflexion at the ankle. If the angle of passive dorsiflexion remains the

same, either the soleus or the achilles tendon is short. In the case of the latter, the

soleus feels soft and relaxed and the tendon can be palpated. The muscles can

be found electromyographically or through ultrasound. Muscle action potential

patterns are different in the type I fibres of the soleus and the mixed type I and II

fibres seen in the gastrocnemius.

8.8 Post-injection care

The treatment of spasticity is enhanced by a programme of physical treatment

after BoNT injections or nerve blockade83 and physiotherapy in the form of

stretching and strengthening is thus required for a period following the procedure.

It has also been noted anecdotally, that the effect of a single dose of BoNT-A can be

prolonged beyond its action duration and repeat injections, which are necessary

for MS patients, can be reduced to a minimum. Limbs should be stretched to a

functional position, but should not be traumatized, as this will provide a

nociceptive stimulus to increase spasticity in non-injected muscles. Therapy

should be given every day for a period of at least 4 weeks, but the benefit, dura-

tion and optimal regimen require scientific evaluation. Similarly, there is

anecdotal information, that, to be effective, stretching should be carried out

for several hours every day. Clearly, this cannot be done on a one-to-one basis

and splinting/casting can provide a stretch for several hours. Occupational

therapists have taken responsibility for this treatment. Night resting casts are

particularly valuable, as they achieve this purpose, but do not interfere with daily

activities.

Follow-up is important to identify whether or not the treatment objectives have

beenmet and to plan further treatment. As has been stated above, it is important to

identify those muscles requiring injection at the start of the treatment episode and

to re-inject 3 to 4 months, if necessary, after the first. At each follow-up, the

relevant outcome measures should be recorded and it is worth having a separate

page in the clinical notes for this purpose, noting the date of the injection, the

muscles injected and the outcome measures used. Multiple sclerosis patients, like

others with chronic spasticity, may require repeated injections and it is important

to have at a glance clear documentation of what has been previously done. A trend

may thus be observed to aid further management. Good documentation is

important tomake the best of follow-up assessments and an example is attached in

Appendix 8.2.
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8.8.1 Organization of services for botulinum toxin treatment in spasticity

The optimal configuration of services will vary in different places, and flexibility is

important. They will usually revolve around specialist rehabilitation units,

neurology or stroke services or departments of medicine for the elderly.

Requirements include:

1. Clinician(s) trained in spasticity management in general, with specific

additional training in botulinum toxin treatment. This is probably best

achieved by a combination of specific courses and apprenticeships with

direct instruction and supervised practice.

2. An active physiotherapy and occupational therapy service, with roles in

selecting patients for treatment and arranging or delivering targeted

physiotherapy after injection, and ensuring appropriate provision of orthoses.

There should be good links with physical therapy departments in referring units

elsewhere.

3. Orthopaedic advice should be available.

4. Many injections can be performed in dedicated outpatient clinics. These allow

more convenient and cost-effective assessment and follow-up by multi-

disciplinary teams, minimal wastage of BoNT, and easier access to equipment

such as EMG to help with injections, plus availability of nursing staff trained to

assist in the sometimes awkward patient manoeuvring required.

5. A ward or even a roaming service may be needed: many patients with spasticity

are difficult to transfer to a clinic. A portable EMG device may be required.

6. Services should consider avoiding or minimizing the use of more than one of

the available BoNT preparations in order to avoid the risk of confusion over

doses.

7. Many patients like to have their next appointment for review and usually

treatment at a pre-arranged interval, especially if their response is fairly

predictable. Those with an unpredictable or long-lasting response may prefer

self-referral when their last injections are wearing off. BoNT clinics should

attempt to accommodate both: although patient-initiated appointments may

be difficult to fit in, this strategy generally acts to reduce the number of

injection sessions.

8. In future it may be possible for predictable injections to be given in the

community by trained staff.

9. A clearly defined mechanism for paying for the toxin and the service. Ad hoc

arrangements can be financially risky for host institutions.

8.8.2 Outcome measures

Outcome measurement in spasticity is controversial because of the huge array of

available tools. Most clinicians do not actually measure the outcomes of their
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interventions in terms of the change to the neurogenic component of the upper

motor neuron lesion. They more often measure the change in either the

biomechanical consequence of the spastic limb (at impairment level) or the

functional change (activity) of the goal of treatment. The main problem here is

that the accepted measure of spasticity, the Ashworth score, does not actually

measure what it purports to do. It does not follow Lance’s definition andmeasures

limb stiffness rather than velocity-dependent resistance84. The Tardieu Scale85 and

the Wartenburg Pendulum Test86, on the other hand, do a better job, but are

more unwieldy to use in clinical practice. Figure 8.4 demonstrates the complexity

of the resistance to passive motion and increased tone.

Clinicians seek validation of the scales that they use and end up employing a

mixture of neurophysiological and mechanical measures to quantify the resistance

to passive stretch, which is the sum of the neurophysiological change and altered

muscle properties and function.

Ashworth scale

This scale is based on the assessment of resistance to stretch when a limb is pas-

sively moved (Table 8.8). It was originally validated for patients with MS and was

validated by Ashworth88. Its reliability is questioned by the subjectivity required by

the observer to carry out the test and by the fact that it measures multiple aspects of

limb stretch. However, it is in general use and has good inter- and intra-rater

reliability89. Its validity in its general application to spasticity assessment, however,

is not. The original Ashworth scale is only validated for measuring spasticity in the

lower limb90. In addition, it does not distinguish between increased neurogenic

muscle tone and mechanical limb stiffness. Despite this, it has nonetheless become

the measure against which all other measures are compared. Based on the fact that

resistance to passive movement (as performed during the Ashworth scale) is

influenced by various factors, Lance’s definition is not addressed despite the

validity of the scale as a measure of that resistance. Measures of resting posture and

Figure 8.4 Resistance to passive motion (after Johnson87).
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passive range of motion do not depend on stretch reflex activity, which is the

element that needs to be measured91. The major modification was proposed to

differentiate between mild and moderate spasticity, as discrepancies appeared in

clinical judgement at the lower end of the original scale. Bohannon validated the

scale in elbow flexion in post-stroke patients and attempts have been made to

widen the validity92. A grade 1þ was added and the top of the scale was reduced

from 5 to 4. The essential weakness in the scale remains that Grade 0 is not a floppy

limb and that there is no reference to normality.

Further examination of this area of clinical practice has prompted new

directions91,93. Gregson et al. showed good inter-rater and intra-rater reliability

of the Ashworth scale with the Medical Research Council (MRC) scale for muscle

power for wrist, elbow and knee flexor function, but less good association for the

ankle94. They quite rightly warn of making assumptions about the scale when

measuring foot dorsi- and plantar flexion. A straight comparison between the

modified Ashworth andMRC scales is somewhat difficult, as the former behaves as

a nominal measure, whereas the latter is ordinal. A better comparison may have

been between the original scale, which does not have the difficulties in the context

of differences between grades 1 and 1þ. One of the difficulties is that neither scale

covers the whole range of tonus. Normal is zero and neither takes hypotonia into

account as a calculation and both are at best ordinal measures. In addition, there is

no definition of what constitutes a slow stretch, although a maximum angular

velocity of 80 per cent has been proposed before reflex activity alters muscle

resistance95.

Table 8.8. Description of the Ashworth and Modified Ashworth Scales

Score Ashworth (Ashworth 196488) Modified Ashworth (Bohannon and Smith 198792)

0 No increase in tone No increase in tone

1 Slight increase in tone giving

a catch when the limb is moved

in flexion/extension

Slight increase in tone giving a catch, release and

minimal resistance at the end of range of motion

(ROM) when the limb is moved in flexion/extension

1þ Slight increase in tone giving a catch, release and

minimal resistance throughout the remainder

(less than half) of ROM

2 More marked increase in tone, but

the limb is easily moved through

its full ROM

More marked increase in tone through most of the

ROM, but limb is easily moved

3 Considerable increase in tone � passive

movement difficult and ROM decreased

Considerable increase in tone � passive movement

difficult

4 Limb rigid in flexion and extension Limb rigid in flexion and extension
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Tardieu scale

The measurement of the velocity-dependent catch or the clasp-knife effect is

demonstrated by other means. Tardieu described one such in 1954, which went

somewhat unnoticed, but interest in it has recently been resurrected85. Its modi-

fication96 was later validated and measures the angle at the point of resistance to

a rapid velocity stretch when the overactive stretch reflex produces a ‘catch’

appears97. Both the dynamic and static muscle length and joint range of movement

are assessed and the technique is described below (Table 8.9). Inter- and intra-

rater reliability studies are already underway in order to define the best conditions

under which to carry out the examination98.

It is carried out by stretching a limb passively and the angle at the point of

resistance is noted. This is performed during as slow a movement as possible (V1),

under gravitational pull (V2) and at a fast rate (V3). The examiner will feel a catch

in amuscle under the influence of an overactive stretch reflex. Five levels have been

described at the point of this catch to capture the quality of the muscular reaction.

In essence the scale assesses dynamic and static muscle length as well as joint

range of motion. The inter- and intra-rater reliability is generally good98, but the

technique does require training to achieve this.

Other measures of spasticity

So why are we measuring tone and why is it important? In clinical practice,

measures of disability are the most useful to quantify and relate to the patient’s

rehabilitation aims. Spasticity is but one component that has to be dealt with and

the outcomes of rehabilitation depend on issues relating to other impairments, to

activity and to participation. Clinicians must be clear about what they are doing

and realize that global disability scores, such as the Functional Independence

Table 8.9. The Tardieu Scale85

Stretch velocity

Y angle (dynamic

range of motion)

Quality of muscle reaction

course of passive movement

V1 Slow as possible R2 Slow velocity 0 No resistance

V2 Speed of limb falling

under gravity

Passive joint range of

motion or muscle length

1 Slight resistance

2 Clear catch at precise angle, then

release

V3 Fast as possible R1 Fast velocity 3 Fatiguable clonus at precise angle

Movement through full

range of motion

4 Unfatiguable clonus at precise

angle

5 Rigid limb and joint
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Measure, are unlikely to change following a BNTX injection into forearm flexors

for a spastic hand in a stroke patient, in which there is no intrinsic function.

An easy-to-measure tool is needed, whereas in research a standardized testing

protocol is required to follow the definition of the condition as closely as possible.

The Ashworth scale fails in this, but remains a useful bedside clinical measure.

Pandyan et al. thus support the use of this scale as an ordinal measure of resistance

to passive movement85. For research purposes the Wartenburg pendulum test

follows the definition and gets round the complex variables that occur in the alpha

motor neurons of agonist and antagonist muscles during passive movements.

In this, the leg moves under gravity and the observer measures the pendular

activity of a spastic limb as it relaxes. It is best carried out on the lower limb, for

it is not so reliable for other limb segments. Rymer and Katz conclude, however,

that biomechanical measures correlate most closely with the clinical state, as

extending a limb against passive resistance may be related more to the visco-elastic

properties of the soft tissues than to spasticity99. EMG activity and the motor unit

magnitude correlate well with the torque and ramp and hold displacement around

the elbow100.

Clinical measures

Many scales bear little resemblance to what is happening to the patient, which is

of course most relevant to clinical practice. Several studies have reported a

decrease in spasticity (as measured by the Ashworth scale), pain, muscle spasms,

carer burden, etc101�104. Most health services, however, wish to see amore tangible

benefit in functional terms from what is regarded as expensive unproven

treatment and look to see functional changes in patients. This is somewhat

fallacious in view of individual characteristics and efforts have now been made to

find a suitable outcome measure to demonstrate functional change, which is more

applicable to this treatment. Bhakta et al. described some change in their

functional assessment tool102, but Brashear et al. devised a new scale in an

attempt to show a more specific functional change in relation to BoNT treatment

in upper limb spasticity105. They described a Disability Assessment Score (DAS),

which looked at four domains (pain, hygiene, dressing and limb position),

each with a four point subjective assessment of degree of difficulty for the

patient and patients chose the item that most reflected their treatment aims.

This was termed the Principal Intervention Target and a significant change

was seen following treatment with BoNT. Physiotherapy was not assessed in

these patients and more prolonged changes may have accrued. This highlights

one of the difficulties in spasticity studies. Spasticity demands multi-facet

treatment strategies, which have to be abandoned in randomized controlled

studies. The DAS was later validated and represents a useful additional tool
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in this area. Unfortunately, it is difficult to apply to anywhere but the upper

limb106. A number of other clinical tools are available and goal attainment is

most relevant. If a patient is being treated with BoNT for pain in a clawed hand

after a stroke, the best outcome in that patient is to see a reduction in pain. There

are a number of validated measures for this in the visual analogue and the

Likert Scales107.

Functional aspects are therefore important to measure, but one of the

problems is that functional change with treatment may be dependent on factors

other than the spasticity. Few studies have shown a global correlation with

the Ashworth score and the measurement of function, as in the Rivermead or

Fugl�Meyer Motor Assessment scores107, is best correlated with other impair-

ment measures, like the spasm frequency score, adductor tone, pain score, etc.

Therein lies the dilemma. We will probably have to keep on using the Ashworth

scale in the clinical setting, but realize its limitations and always combine

management of the patient with a functional outcome measure in relation to

the rehabilitation goal.

The Action Research Arm Test has been used to measure functional activity in

the arm in response to BoNT treatment108 and has allowed researchers to make

some sense of the part played by BoNT. Although there is a large placebo effect in

receiving an injection of BoNT, it does reduce spasticity. It does not necessarily

reduce the force-generating capabilities at the joint. The (modified) Ashworth

scale is unable to measure clinically important changes in spasticity. Improve-

ments in function observed in a chronic stroke population raises the question

whether the effects of BoNT in treating spasticity are underestimated and whether

early intervention using the toxin may augment its efficacy109. We also know that

BoNT is effective and safe in treating acute muscle shortening and preventing

contracture formation, even in the most ill patients15. This will undoubtedly lead

to further confidence in its use.

Other measures have a particular use in physiotherapy practice and contri-

bute to the overall picture of change following treatment. The walking speed

(measured by a 10m walking time), the stride length and joint goniometry

are useful in measuring change in hip and thigh spasticity in spastic diplegics110.

Pain has been addressed above and the Jebsen Taylor Hand test demon-

strates improvement in dexterity and isolated finger movement, whereas the

Berg Balance scale evaluates what it suggests107. The final thought is that clini-

cians tend to measure what they feel is the most relevant aspect of treatment.

Just as we need to ask the patient and family their view of the goal, we probably

ought to involve more in the measurement process too. The patient satisfac-

tion score on a 10 cm visual analogue scale is very useful in identifying whether

the targets were met in the patient’s perspective and is useful when everyone
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is sure on expectations. The patient and physician global scores also address this

aspect.

8.8.3 Evidence for the use of BoNT in spasticity

Many publications have gone over the scientific basis for using BoNT in spasticity

management111,112 and this section will simply update them rather than go

over the subject again. In most randomized controlled trials (RCTs), the effects of

BoNT are compared with placebo over a single injection cycle. The outcomes are

generally positive and support the use of the drug, but they do not necessarily

reflect what is important in clinical practice. In addition, data from RCTs are less

convincing than those from open studies for a variety of technical reasons, which

perhaps reflects the difficulties in finding good outcome measures for spastic

patients113. Clinical experience tells us that BoNT can reduce spasticity and

improve voluntary movement and active function in selected patients. Again,

RCTs have had difficulty showing active functional improvement, despite the clear

ability of BoNT to reduce spasticity and this is, to a large extent, due to poor

methodology, especially in patient selection and injection protocols and the

choice of outcome measures. Motor dysfunction is usually caused by weakness

(and other ‘negative’ features of upper motor neuron syndrome) rather than by

muscle overactivity. Clinical trials therefore need to take this into account in

designing trials114,115.

There is good evidence that BoNT has clinical benefit in treating the mechanical

effects of spasticity. Future research strategies should now concentrate on

its longer-term use, the as yet unresolved technical issues of how to get the best

out of this new treatment and, of course, its cost-effectiveness. Brashear et al.

showed very well the benefits of BoNT over a 12-week cycle in terms of Ashworth

score, Disability Assessment score and patient and physician global rating scale105.

Of the 126 patients (64 in the treatment group and 62 in the placebo group),

122 completed the study. Of these patients, 111 then entered an open-label

phase and were followed up for 42 weeks106. This was the first long-term study

of BoNT in a stroke population. One patient did not receive BoNT and the 110

who did, carried on treatment under clinical conditions. They had up to four

further treatments and the value of this study is clear. All 110 were entered for the

first cycle, 96 were entered for the second, 81 for the third and 26 for the fourth.

First, there were significant improvements from baseline across all the measures

at each treatment cycle and this remained constant, whether the patient was

injected only once or four times. Second, there was considerable variation in the

length of response to the injection and a beneficial effect lasted for over 24 weeks

in 7.4 per cent of patients. The average number of treatments was 2.72 in this

42-week period. Overall, the patients were observed for 54 weeks and the safety
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profile of the drug remained, nomatter howmany treatments were given. This not

only supports previous short-term work101�103, but sets the scene for further

long term studies to look more at the overall impact on patients’ activity,

functioning and participation, as well as on the impact to service provision.

There has been some work in studying the combination of BoNT and

physical treatments, but most have run into problems standardizing treatments.

However, some have produced evidence to show the increased benefit of BoNT to

the physical management of spasticity. Muscle stretching may improve the

therapeutic effect of BoNT and vice versa116, but this needs to be established in

a RCT. Standing and walking have improved following BoNT19,117. BoNT was

compared to casting and to standard physiotherapy within a few days of a brain

injury. Active treatment (BoNT+ casting) had a better outcome than standard

treatment and there were no adverse events in the BoNT patient group15.

Biomechanical changes may thus be prevented in the longer term by treating

patients enthusiastically at such an early stage. Further studies will need to be

done to show these benefits in functional terms, but BoNT and casting in

combination has real potential.

There is now evidence for the effect of BoNT in all acute and chronic spastic

conditions and the common thread is that the drug has a peripheral action,

thereby negating the different effects of the aetiology. In summary, it is now certain

that BoNT does reduce spasticity, as measured by the Ashworth score, pain,

spasms and the symptoms associated with all of these. These include some local

functional goals, such as hygiene and relieving carer burden for dressing,

positioning, etc. as measured by the Disability Assessment score. One of the real

beneficial aspects of BoNT is its safety profile and all of the RCTs and open studies

make specific comment on this. Adverse events are small in number and only

minor. Even in very ill patients, it was safe and it also contributed to a protective

effect of anti-spastic treatment in preventing the immediate effects of limb

deformity early on after severe brain injury15.

Collecting evidence for the effectiveness of BoNT in managing spasticity is

necessary112 and the UK Department of Health recently called for applications for

a longer-term study of the effectiveness and cost-effectiveness of BoNT in post-

stroke spasticity. Studies are currently underway to demonstrate the place of the

drug in comparison to oral agents in stroke and brain injury and this correlates

with the reality of physicians making the choice between these two treatment

strategies for their patients118. This placebo-controlled double-blind study of

BoNT vs. tizanidine vs. placebo tablets and placebo injection will attempt to

define a strategy for antispastic treatment early on in stroke and brain injury

rehabilitation. This also needs to be done for chronic neurological disease to

support the initial attempt by Hyman et al.119
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8.9 Conclusion

The contribution of BoNT in spasticity management is now well recognized.

The trick in clinical management is to use it intelligently and know when

and when not to use it. Table 8.10 highlights some of the advantages and

disadvantages.

It must be remembered that BoNT is a useful short-term means of improv-

ing patients’ function and the distressing features of spasticity. This is against

the background of a long term condition, for which a long term management

strategy is required.
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Hyperhidrosis

DeeAnna Glaser1 and Stephanie Benson2

1Department of Dermatology, Saint Louis University School of Medicine, St Louis, MO, USA
2University of Colorado, School of Medicine, Denver

9.1 Introduction

Sweating is a normal physiological response to increasing body temperature and

is an important mechanism in releasing heat produced from endogenous and

exogenous sources. The heat regulatory center is located in the brain within the

hypothalamus, particularly involving the pre-optic and anterior nuclei. These

sections of the brain monitor core body temperature through the blood stream,

and the body’s response to increasing temperature is to release heat through sweat.

Sweating is controlled by the sympathetic nervous system through its pregan-

glionic and postganglionic pathways. Nerve fibers exit the pre-optic or anterior

nuclei and descend ipsilaterally through the spinal cord until they reach the

intermediolateral column, where they leave the cord and enter the sympathetic

chain. The postganglionic fibers leave the chain and join the peripheral nerves until

they reach the sweat gland1. The neurotransmitter for the sympathetic nervous

system is generally norepinephrine; however, the neurotransmitter mainly

involved in the sweating process is acetylcholine. Other chemical mediators

found in the neuromuscular junction during sweating include vasoactive intestinal

peptide, atrial natriuretic peptide, galanin, and calcitonin gene related peptide2.

Three glands are important in the creation of sweat: the eccrine, apo-eccrine,

and apocrine glands. They are located superiorly in the subcutaneous fat at the

junction of the dermis and subcutaneous fat. Between two and fourmillion eccrine

glands are found within the skin, and their function is to secrete water while

conserving sodium chloride for electrolyte maintenance. The eccrine gland

consists of a secretory coil and a duct. The secretory coil has a layer of serous

and mucous cells which produce the precursor of sweat1,3. It also contains

a cholinergic responsive myoepithelial cell that provides support for the coil and

assists in the secretion of water and sodium chloride into the duct. The basal cell

Clinical Uses of Botulinum Toxins, eds. Anthony B. Ward and Michael P. Barnes. Published by
Cambridge University Press. � Cambridge University Press 2007.
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within the duct is responsible for the majority of sodium chloride reabsorption

thereby producing a hypotonic solution on the skin. Although the eccrine sweat

glands continually produce secretions, they are further stimulated by heat,

exercise, anxiety, or stress3,4. Up to 10 liter of sweat can be produced in a day

under severe heat stress, but the normal rate is 0.5�1.0ml /min1,5. The sweating

rate within individuals depends on the local concentration of acetylcholine and the

number of active sweat glands in the area1. Males sweat more than females, and

it is thought that males either have more active glands or their response is greater

to autonomic or endocrine stimuli6.

The apo-eccrine gland was discovered in a patient with axillary hyperhidrosis

and is known to develop in puberty from eccrine-like precursor glands. It is larger

than the eccrine gland, has a long duct, and opens directly onto the skin. It

responds to acetylcholine and produces a clear fluid secretion; it may secrete up to

ten times more fluid than the eccrine gland. Its function is unknown, but patients

with hyperhidrosis tend to have more of these glands than those without the

condition1.

Apocrine sweat glands open into the hair follicle, are concentrated in the axillae

and perineum, and become functional around puberty. The glands have three

layers of cells that are rich in protein and deficient in lipid. They lack myoepithelial

cells in the duct. The glands respond to adrenergic stimuli, epinephrine more than

norepinephrine, and their pulsatile secretions produce an odor when combined

with bacteria on the skin. They do not function in thermoregulation but are

thought to function as chemical attractants, signals, or markers1,3,7.

9.2 Hyperhidrosis

Dysfunction of sweating may occur within any portion of the system. Problems

may occur in the hypothalamic nuclei, with pre- and post-ganglionic fibers, with

secretion of the neurotransmitter, or secretion by the sweat gland or the sweat

duct2. Hyperhidrosis is the condition of excessive sweating beyond that required

to maintain physiologic homeostasis. The amount of sweating necessary to be

considered excessive is not clearly defined, is variable between individuals, and has

not been standardized.

Hyperhidrosis may be generalized or focal, bilateral and symmetric or

unilateral, primary or secondary in origin. Generalized hyperhidrosis affects the

entire body while focal hyperhidrosis occurs in discrete sections of the skin.

Generalized hyperhidrosis is usually secondary in nature and the differential

diagnosis is extensive (Table 9.1). Infections such as tuberculosis or malaria, and

myeloproliferative disorders such as leukemia and lymphoma can result in

significant sweating. The use of medications has also been implicated and drugs
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include propranolol, physostigmine, tricyclic antidepressants, opioids, serotonin

reuptake inhibitors, naproxen, acyclovir, gluoxetine, and venlafaxine2,5,8,9.

Focal or localized hyperhidrosis may result from a secondary process, such as

tumors or lesions of the central or peripheral nervous system (Table 9.1). Very rare

causes include eccrine nevus, pachyonychia congenita, and nail�patella syndrome

(POEMS). Ross’ Syndrome, caused by the deterioration of the sympathetic system,

produces classic symptoms of anhidrosis, tonic pupils, hyporeflexia, and localized

hyperhidrosis of the trunk2,9�11.

This chapter will focus on idiopathic hyperhidrosis. Primary localized

hyperhidrosis, most commonly referred to simply as ‘hyperhidrosis,’ is character-

ized by excessive sweating of small regions of the skin, such as the axilla, palms,

soles, or face. The onset is usually in adolescence (usually under 25 years of age),

although it can begin early in childhood, especially the palmar-plantar variants9.

The disease manifests as bilateral and relatively symmetric sweating, often with

cessation during sleep (Table 9.2). The differential diagnosis for hyperhidrosis is

large and secondary causes must be considered, especially when the hyperhidrosis

is generalized, asymmetrically distributed or has a late onset9,12. A detailed history

and examination is the first step with careful detail to the review of symptoms.

Table 9.1. Forms of hyperhidrosis. Hyperhidrosis can be primary or

secondary, generalized or focal5,8,9

Generalized Focal/Regional

Fever Primary focal hyperhidrosis

Infections Intrathoracic tumors

Malignancy and tumors Atrioventricular fistula

Thyrotoxicosis Rheumatoid arthritis

Pheochromocytoma Spinal cord disease or injury

Hypoglycemia Stroke

Diabetes mellitus Syringomelia

Diabetes insipidus Ross syndrome

Hypopituitarism Localized unilateral hyperhidrosisa

Prinzmetal angina Gustatory sweating/Frey’s syndrome

Endocarditis Cold-induced hyperhidrosis

Gout Eccrine nevus

Medications

Menopause

Anxiety

Drug withdrawl

aAlso referred to as unilateral circumscribed idiopathic hyperhidrosis.
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The type and extent of further testing is based on the findings from the history and

physical examination.

The incidence of hyperhidrosis was thought to be 0.6�1 per cent, but recent

studies found that hyperhidrosis is common with a prevalence of 2.8 per cent13. It

most commonly presents within the second or third decades, and the prevalence is

similar in men and women. A family history is discovered in up to 30�50 per cent

of family members16. Although many patients sweat on a continuous basis

throughout the day, most report that they suffer from the sudden onset of profuse

sweating. There can be trigger factors such as emotional stress; stress at work or in

the public; higher environmental temperatures; or stimulants such as caffeine; it

can also occur without any explanation when patients are cool, comfortable, and

calm15. Less than half of those afflicted seek care and guidance from physicians

with only 38 per cent discussing their condition with a health care provider13.

Hyperhidrosis has a negative impact on many aspects of patients’ daily

living � physically, psychologically, and occupationally. Skin that is continuously

exposed to moisture can become irritated and macerated, allowing for secondary

infections but this plays no role in making the diagnosis of primary hyperhidrosis,

nor is it necessary for treatment initiation14.

The greatest impact of hyperhidrosis is the significant reduction in the quality of

life and the alterations it has on daily functioning. Many patients lack confidence,

feel depressed, and refrain from meeting new people. Others avoid intimate

activities. Often people with hyperhidrosis will not maintain public service

positions due to embarrassment and the frequent need to change clothing. Many

will not shake hands with others because of the excessive amount of sweat on their

hands. Some work from home so their peers do not see their disorder. Patients

report limitation at work due to their symptoms and some will spend more than

Table 9.2. Diagonis of primary focal hyperhidrosis

Criteria for establishing the diagnosis of primary focal hyperhidrosis

Focal, visible excessive sweating of at least 6 months duration

No apparent secondary cause

At least two of the following characteristics

• Bilateral and relatively symmetric

• Impairs daily activities

• Frequency of at least one episode per week

• Age of onset less than 25 years

• Positive family history

• Cessation of focal sweating during sleep
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60min daily to treat their disease16. Using the Dermatology Life Quality Index

(DLQI) as a measure of disease burden, patients with hyperhidrosis rate 8.8�18

as compared to patients with psoriasis who average 4.51�13.9 on the DLQI

scale13,17�22.

9.3 Measuring hyperhidrosis

The Minor starch iodine test is a simple way to detect the presence of sweat. After

the area to be studied is dried thoroughly, iodine solution is painted over the

affected area, and a starch powder such as corn starch is applied. With the

interaction of sweat, the area turns a purple�black color (decolorized iodine

solutions do not perform the colorimetric change properly and should not be

used). While the Minor iodine starch test is useful in the clinic to localize areas of

sweat production, it is not a quantitative test. For iodine-sensitive patients,

Alizarin or Ponceau red dye and starch can be used. The pink powder turns to

a bright red color when wet23,24. The Ninhydrin sweat test is another variant

that can be used25, but regardless of which test is performed, they all achieve a

colorimetric outline of the sweating area.

Gravimetric assessment identifies the amount of sweat produced during a given

time. The technique involves applying pre-weighed filter paper to the affected

area (typically 5min) and then measuring the production of sweat by reweighing

the filter paper. Evaporation must be prevented from occurring26. There is

no standard or validated quantity that separates hyperhidrosis from euhidrosis,

although it can exceed 30 times that of normal non-hyperhidrotic individuals.

Hund suggests a minimum of 100mg/5min for men and 50mg/5min for

women to identify axillary hyperhidrosis. A study of 60 patients demonstrated that

the mean axillary sweat production was 346mg/5min for men and 186mg/5min

for women (healthy control subjects had values of 72 and 46 respectively6).

Likewise the mean palmar gravimetric measurement was approximately

300mg/5min27.

A third method used to measure disease severity is the use of quality of life scales

and questionnaires. Several tools are available, but two of the more commonly

used scales are the DLQI and the HyperHidrosis Impact Questionnaire (HHIQ),

which help to quantify the impact, burden and disease severity22. A newer tool,

the hyperhidrosis disease severity scale (HDSS) is based on one question that

the patient can answer in the office (Table 9.3). Moderate to strong correlations

with the HHIQ, DLQI, and gravimetric sweat production make this a valuable

and simple tool to use in the clinical setting. The HDSS is responsive to treat-

ment with a one-point HDSS improvement being associated with approximately
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a 50 per cent reduction in sweat production. This validated scale can aid in

selecting patients appropriate for therapy and for assessing effectiveness of the

treatment28.

9.4 Therapy

Many treatments are available for hyperhidrosis, but none are effective in

everyone. Therapy should be tailored to the needs of the individual based on

factors such as age and health status of the patient, location of disease, occupation

and lifestyle.

Antiperspirants are used as first line medical treatment and are thought to

function by decreasing eccrine sweat secretion through blockage of the distal

secretory ducts20. Over-the-counter (OTC) antiperspirants contain 1�2 per cent

salt concentrations and do not routinely provide relief from true hyperhidrosis.

Prescription strength antiperspirants containing increasing salt concentrations up

to 20�30 per cent can be more effective than OTC products. Aluminum salts are

typically used, particularly aluminum chloride solutions, like Drysol� and

Xerac�18. The higher salt concentrations improve the efficacy of the antiperspirant

and the likelihood of side effects. The antiperspirant should be applied to the

affected area, which has been completely dried. Nightly application is recom-

mended since decreased sweating occurs at night. Continuous use is required

as the beneficial effect is sustained for a limited time20,29. Some patients will find

relief with this treatment but most will not due to lack of efficacy or intolerability.

Common side effects of high strength antiperspirants are skin irritation, erythema,

dryness, pruritus, and even fissures9,18.

Systemic anticholinergic drugs such as glycopyrronium bromide, glycopyrro-

late, atropine, or oxybutynin provide the patient with a generalized acetylcholine

blockade30. Their use can result in many adverse effects, and patients frequently

experience dry eyes, dry mouth, and urinary retention at the doses required to

achieve euhidrosis. Few patients are able to tolerate the systemic treatments well or

Table 9.3. Hyperhidrosis disease severity scale

‘Which best describes the impact of sweating on

your daily activity?’

1 Never noticeable, never interferes

2 Tolerable, sometimes interferes

3 Barely tolerable, frequently interferes

4 Intolerable, always interferes

180 D. Glaser and S. Benson



are willing to live with these effects and the drugs have very limited clinical

usefulness. However, this class of therapy is most applicable for patients with

hyperhidrosis affecting several areas of the body.

Iontophoresis is the second line treatment for palmar and plantar hyper-

hidrosis. The procedure is easily performed on the hands and feet but is technically

challenging and impractical for the axilla, face and other areas of the body. The

hands or feet are placed in a tap water solution, charged with an electrical current.

It is thought that either the electrical current changes the ability of the pores

to secrete sweat or ions enter the pores and physically block the secretion of

sweat18,31,32. Initially, iontophoresis requires treatment every 48 hours but, once

euhidrosis is achieved, therapy can be tapered to 1�2 treatments per week to

maintain clinical benefit. Treatments will take approximately 20min to treat the

hands or feet and 40min to treat all four extremities. Side effects are relatively

minimal but include mild discomfort during the treatment, and erythema and

vesicle formation32. Sometimes anticholinergic medications are placed into the

solution for added benefit, but systemic anticholinergic side effects may then

be seen.

En bloc excision of the axillary vault is rarely performed today due to the

resulting scarring, contractures, and decreased range of motion18. Liposuction and

curettage can be used alone or in combination to treat axillary hyperhidrosis. The

eccrine units are suctioned or scraped away, although ensuing fibrosis may also

play a role. The surgery is ‘blinded’ and the outcome is technique dependent33,34.

Side effects include bruising, pain, and tenderness and only partial reduction in

sweating.

Endoscopic thoracic sympathectomy (ETS) offers a more permanent answer

but is not universally accepted. The sympathetic chain is interrupted using

cautery, excision or clipping the T2, T3, and sometimes the T4 ganglion. This

provides immediate anhidrosis and the success rate for palmar disease is

95 per cent. The recurrence rate is approximately 6.6 per cent, although the

percentage of relapse increases with time19,35. The benefit is much less when

treating axillary hyperhidrosis with up to 65 per cent of these patients exper-

iencing a recurrence of their hyperhidrosis35. ETS is not performed for plantar

hyperhidrosis due to the increased likelihood of inducing sexual dysfunction with

a lumbar sympathectomy9.

The major issue surrounding ETS is the potential for patients to develop

compensatory sweating, especially of the trunk, abdomen, back and thighs. It can

develop within 6 months after surgery and the occurrence or severity is

unpredictable. Many patients report that this adverse effect is actually worse

and more devastating than the original symptoms36. The incidence varies depend-

ing on series but approximately 60�70 per cent of patients seem to develop
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compensatory hyperhidrosis after ETS35,37,38. Other complications of ETS include

Horner’s Syndrome, gustatory sweating, ptosis, pneumothorax, hemothorax,

excessive dryness, and those related to any surgical procedure19,39.

9.5 Botulinum toxin

Since excessive sweating is mediated by acetylcholine and botulinum toxin

modulates the release of acetylcholine, it is the logical choice to alter the amount of

sweat secreted by the body’s sweat glands. The chemodenervation with botulinum

toxin is localized, reversible, and can be long-lasting. Botulinum toxin A

(BoNT-A) has been most extensively studied and used clinically for the treatment

of hyperhidrosis, but there are a few publications related to the use of botulinum

toxin B (BoNT-B) as well. Previous chapters have reviewed these toxins in detail.

The basic principle for using botulinum toxins to treat excessive sweating is to

first identify the area involved with a test such as the Minor’s Starch Iodine test.

Since the sweat glands are located at the junction of the dermis and subcutaneous

tissue, botulinum toxin is most effective when placed there in a deep intradermal

injection. It is important to avoid injecting deeper structures such as muscle to

prevent unwanted affects on the underlying muscles and for optimal interaction at

the neuro-eccrine interface. The injections are generally placed 1�2 cm apart to

allow for diffusion of the toxin to the entire area. This technique decreases the total

number of injections needed while maximizing coverage of the drug and

preventing ‘skipped’ areas. Although the technique is similar to treat all areas of

the body, the more commonly treated sites will be covered in more detail.

9.6 Axillary hyperhidrosis

Perhaps no area has been as extensively studied as the axilla. Numerous studies

have shown the beneficial effect of BoNT-A, including large multicenter ran-

domized, placebo-controlled trials in Europe and the USA20,26,40�45. Naumann

et al. reported on 320 patients entering the European double-blind, randomized

study evaluating BOTOX� in the treatment of axillary hyperhidrosis40. Either

50U of BoNT-A or placebo were injected into each axilla. Three hundred and

seven patients completed the study. At 4 weeks, 94 per cent of the BoNT-A

group had responded compared with 36 per cent of the placebo group (measured

as ¸50 per cent reduction from baseline of spontaneous sweat production).

By 16 weeks the response rates were 82 per cent and 21 per cent respectively.

Long-term data collected over 16 months in an extension study confirmed

that repeated injections of BoNT-A produced similar outcomes with signifi-

cant reductions in the mean sweat production. The mean duration between
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BoNT-A treatments was approximately 7 months44. Patient satisfaction after

treatment was consistently high and their quality of life improved.

Similar results were recorded in a large phase III multicenter, double-blind,

placebo-controlled North American trial of 322 patients. In this study, subjects

were randomized to receive either 50U BoNT-A, 75U BoNT-A or placebo in each

axilla. The hyperhidrosis disease severity scale was the primary efficacy measure

with gravimetric measurements being secondary41. Success was seen in 75 per cent

of patients in both treatment groups compared with 25 per cent in the placebo

group (defined as ¸2 point reduction in HDSS), while 80�85 per cent of the

treated patients had 475 per cent reduction in their baseline sweat production.

Patients requiring more than one treatment in the 12-month period had similar

results with their repeated injections. Like the European trial, the durability of the

treatment with BoNT-A was excellent with the median duration in the treatment

groups being approximately 7 months. Treatment satisfaction was very high

(85%) and there were no significant differences in any of the parameters between

the two treatment groups.

The efficacy of Dysport� has been shown in a multicenter trial of 145 patients26.

One axilla was treated with 200U and placebo was used for the contra-lateral

axilla. After two weeks, the placebo arm was revealed and those axillae received

100U BoNT-A. Axillary sweating decreased immediately in all axillae, and the

result was maintained for 6 months. Of the patients involved, 98 per cent said they

would recommend this therapy for others.

Although studies have consistently shown that 50U of BOTOX� per axilla

provides safe and durable results over an average of 7 months, there is some debate

whether higher doses of BoNT-A can provide prolonged duration. One small

open-label study utilizing 200U BoNT-A in each axilla of 47 patients achieved

improvement for 29 months in one patient and 19 months for 22 patients. The

first relapse in this series occurred at 7 months. Likewise, 250U of Dysport� in

each axilla resulted in prolonged benefit in a small study of 12 patients. Seven

remained symptom-free for 12 months, and 9 months for three patients29.

Currently, the standard dose in the USA and that listed in the package insert

for BOTOX� is 50U per axilla, which achieves excellent results, high patient

satisfaction, and helps to keep costs at a minimum.

To optimize treatment, the area of axillary involvement should be identified so

that the BoNT-A can be concentrated into the affected region. A starch iodine test

is easy to perform using simple povidine�iodine swabs. The key is to thoroughly

dry the region before beginning the procedure. The axilla does not need to be

shaved prior to performing a starch iodine test or injecting BoNT-A. The BoNT-A

is injected into the deep dermis at the dermal-subcutaneous level and is placed

1.5�2 cm apart. Because of the thin skin in the axilla, a wheal may be seen with
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each injection. An average of 10�15 injections is required but may vary depending

on the size of the hyperhidrotic area46. Pain is minimal and the procedure is very

well tolerated. In the event that a starch iodine test cannot be performed, or is

equivocal, the physician should treat the hair-bearing skin in the manner

described above. Should symptoms not be alleviated within two weeks, the

patient can return to the office and a starch iodine test may help to locate any

active areas. Patients should be retreated when the sweating returns at a level of

concern for the patient or when the HDSS score is 3 or 4. Some clinicians have

patients use a topical therapy twice a week when the sweating starts to return

to extend the time interval between injections and help to keep costs down47.

Side effects noted in the studies include painful injection, hematoma, headache,

muscle soreness, increased facial sweating, some compensatory sweating, and

axillary pruritus4,26,40,42�44,48.

9.7 Palmar hyperhidrosis

Botulinum toxin injections are useful in the treatment of palmar hyperhidrosis.

No large-scale studies have been published but multiple small studies have

demonstrated its ability to establish anhidrosis and clinical improvement in

patients’ symptoms (Table 9.4). There are several challenges with palmar BoNT-A

treatment, including that of optimal dosing, control of pain during injection and

potential side effects, especially muscle weakness.

The optimal dose is not known and the issue is complicated by large variations

in hand size. Published data is present on doses as low as 50U per hand49 and as

high as 200U50. Some authors have suggested using a defined dose per injection

with Swartling’s group using 0.8U cm�2 and Naumann’s group using 2U injected

every 1.5 cm on the palm but three injections per fingertip pad and two injections

Table 9.4. Anesthesia techniques used for palmar

injections

Topical anesthesia

Nerve blocks

Intravenous regional anesthesia (Bier’s block)

Cryoanalgesia Dichlorotetrafluoroethane

CryAc liquid nitrogen

Cold packs or ice bath

Machine-assisted cold air

General anesthesia or sedation anesthesia

Vibration
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into each of the middle and proximal phalanx using 1�2U per injection51.

It is unclear whether or not larger doses add to the duration of symptom relief

or increase the risk of muscle weakness. When Wollina used 200U per hand in

10 patients, his relapse time varied from 3 to 22 months50. Saadia studied

24 patients; 11 received 50U BoNT-A per hand and 13 received 100U per hand.

There was higher patient satisfaction reported in the high-dose group, but

he found no difference in the duration (measured as a percentage of the palm

area sweating) between the two doses. There were more patients with hand and

finger weakness in the high-dose treatment group49. Until larger studies help to

address this issue, a good starting point is 75�100U BOTOX� per hand with

adjustments being made as needed based on the size of the hand and past

responses.

Another challenge with palmar therapy is the shorter duration of response when

compared with axillary or facial injections. Responses range from 3�12 months.

The reason is unknown but may be related to a smaller diffusion radius in thicker

palm skin and compartmentalized areas of the phalanges, the higher number of

cholinergic nerve endings or a differential recovery rate between the nerves of the

palm and those in the axilla. Backflow of the drug upon injection may also play

a role52.

Injection of the hand can be painful due to the density of nerve receptors and the

large numbers of injections that are required. Pain during injection of the palms is

much greater with patients reporting an average pain of 68.1+ 31.8 for palms vs.

29.9+ 24.5 for axillary treatment (visual analogue scale 1�100)21. Several

methods of pain control have been tried (Table 9.5), although a few patients

will not require any anesthesia. Topical anesthetics and ice packs do not tend to

provide adequate control53,54. The use of more intensive cold exposure can be

used; submersion of the hand in an ice bath, the use of dichlorotetrafluoroethane

or liquid nitrogen and machines to emit chilled air may have benefit55,56. The use

of a dermojet to inject BoNT-A was found to be less painful than standard needle

injections, but was much less effective in controlling the hyperhidrosis and not

recommended as a useful tool to treat palms57.

Nerve blocks are one of the more common methods of anesthesia used for

injecting the palms and, since special equipment is not required, they can be

performed in the office51,54,58. The palm is innervated by three nerves that can be

anesthetized at the level of the wrist. The median nerve is blocked by injecting

between the palmaris longus and flexor carpi radialis tendons at the proximal

crease of the volar wrist. The ulnar nerve is located beneath the flexor carpi ulnaris

tendon. The needle should be inserted on the radial side of the tendon toward the

ulnar styloid process. The superficial branch of the radial nerve can be blocked by

injecting in the ‘anatomic snuff box’ or at the base of the thumb. The landmarks

185 Hyperhidrosis



Ta
b
le

9
.5
.S

tu
d
ie
s
o
f
b
o
tu
lin

u
m

to
xi
n
s
in

p
a
lm

a
r
h
yp

e
rh
id
ro
si
s

A
u
th
o
r

Y
ea
r

D
es
ig
n
/C
o
n
tr
o
ls

N
o
.

P
re
p
ar
at
io
n

B
o
N
T
-A

an
d

d
o
se
/h
an
d

W
ea
k
n
es
s

N
av
er

9
0

1
9
9
9

O
n
e
p
al
m

tr
ea
te
d

9
4

B
o
N
T
0
.8
U
cm

�
2

6
6
%

la
st
in
g
2
d
ay
s�

2
m
o
n
th
s

O
th
er

p
al
m
,
n
o
R
x

(m
ea
n
1
7
0
U
)

V
ad
o
u
d
-S
ey
ed
i6
3

2
0
0
1

B
o
th

p
al
m
s
tr
ea
te
d

2
3

B
o
N
T
5
0
U

0
%

S
aa
d
ia
4
9

2
0
0
1

H
ig
h
d
o
se

vs
.
lo
w
d
o
se

2
4

B
o
N
T
1
0
0
U

N
¼
1
3

7
7
%

h
ig
h
d
o
se

B
o
N
T
5
0
U

N
¼
1
1

4
5
%

lo
w
d
o
se

W
o
ll
in
a5

0
2
0
0
1

B
o
th

p
al
m
s
tr
ea
te
d

1
0

B
o
N
T
2
0
0
U

0
%

G
la
se
r6
2

2
0
0
1

T
h
re
e
gr
o
u
p
s:
d
if
fe
re
n
t
d
il
u
ti
o
n
,
in
je
ct
io
n
p
at
te
rn

4
3

B
o
N
T
6
0
U

al
l
gr
o
u
p
s

2
3
%

m
ea
n
<
3
w
ee
k
s

S
o
lo
m
o
n
9
1

2
0
0
2

B
o
th

p
al
m
s
tr
ea
te
d

2
0

B
o
N
T
1
6
5
U

2
1
%

�
6
w
ee
k
s

L
o
w
e2

7
2
0
0
2

O
n
e
p
al
m

tr
ea
te
d

1
9

B
o
N
T
1
0
0
U

5
%

la
st
ed

<
2
w
ee
k
s

O
th
er

p
al
m

p
la
ce
b
o

S
ch
n
id
er

2
5

1
9
9
7

O
n
e
p
al
m

tr
ea
te
d

1
1

D
ys

1
2
0
U

2
7
%

la
st
in
g
2
�5

w
ee
k
s

O
th
er

p
al
m
,
p
la
ce
b
o

S
ch
n
id
er

2
0
0
1

B
o
th

p
al
m
s
tr
ea
te
d

2
1

D
ys

2
3
0
U

4
3
%

la
st
in
g
4
�8

w
ee
k
s

M
o
re
au

9
2

2
0
0
3

O
n
e
p
al
m

B
o
N
T

8
B
o
N
T
m
ea
n
6
9
U

2
5
%

B
o
N
T
(1
5
�2

1
d
ay
s)

O
th
er

p
al
m

D
ys

D
ys

m
ea
n
2
8
3
U

5
0
%

D
ys

(8
�3

0
d
ay
s)



are accentuated by having the patient gently flex the wrist and approximating the

thumb and index finger. The use of a short, beveled, small-gauge needle such as

a 30-gauge, is important to minimize trauma to the underlying nerves and

vessels58. If the patient feels pain during a nerve block, it must be assumed that

the needle has entered the nerve, and should be withdrawn several millimeters. The

author prefers to use 1 per cent lidocaine without epinephrine and inject 2�4 cm3

of solution around each nerve. Risks of a nerve block include infiltration of the

nerve with subsequent neural injury and vascular puncture.

Intravenous regional anesthesia (IVRA), also known as a Bier’s block is

effective53. An anesthetic such as prilocaine is injected intravenously following

the application of a tourniquet cuff on the forearm. First ex-sanguination of the

extremity is achieved with an Esmarch bandage and then an electronic double

cuff is used. Complete anesthesia can be obtained in 20min using 40�60ml

of 0.5 per cent prilocaine for most patients. The total tourniquet time for

IVRA ranges from 50�80min and is well tolerated. Due to the risk of toxic

cardiovascular and central nervous system reactions, blood pressure and

electrocardiograms are monitored during the IVRA and for about 30min after

the procedure59.

A growing number of physicians are using vibratory anesthesia for palmar

injections. The theory is that the nervous system is unable to perceive fully two

different types of sensory inputs simultaneously60. A hand-held vibrator is applied

to the volar and dorsal surface of the hand near the site of BoNT-A injection. This

requires an assistant and there is some ‘movement’ of the patients’ hand with the

vibration. One vibrator can be used on the volar aspect but does not diminish the

pain as much as the use of two (personal experience). Neither technique results in

a pain-free injection, but rather a diminishment of perceived pain. A study by

Sherer found that pain threshold is significantly higher during vibration compared

to pre- or post-vibration, and that vibration applied distal to the site of pain

provided better analgesia than vibration applied proximal to the site of pain61.

Weakness of both the hand and fingers is possible, but is usually minor and

of limited duration. The incidence varies upon the series but ranges from

0�77 per cent of patients. The most common area of weakness is the thenar

eminence and can be measured in the thumb-index pinch whereas gross strength

or grip strength is not affected49,62. Rarely, patients report numbness, tingling, or

decreased dexterity. Injections of BoNT-A should be administered in the dermal

layer, especially over the thenar eminence to limit the chance that the toxin will

come in contact with the muscle layer. Subepidermal injections may however,

increase the incidence of hematoma63.

In an attempt to prevent muscle weakness, Zaiac advocates the use of the ADG

needle, a device designed for the injection of collagen64. He found that the average
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depth of the eccrine glands in 10 consecutive palmar biopsies was 2.6mm. By

adjusting the needle to a length of 2.6mm, and using a total of 60�70U BoNT-A

per palm, he had no weakness in 10 consecutive patients64. Likewise, Almeida

uses an adapter to shorten her 7mm 30-guage needle to measure 2.5�3.0mm for

palmar injections54,65.

9.8 Plantar hyperhidrosis

Very little has been published on botulinum toxin treatment for plantar

hyperhidrosis. Like the palms, there is no consensus on the optimal dose; the

injections are painful, and the duration of response is variable. Naumann used

42 and 48U of BOTOX� to treat two soles by injecting 3U (0.15ml) into each

2	 2 cm squares66. Blaheta’s group used 100U per sole (100U/5ml sterile saline)

in a study of eight patients with severe plantar hyperhidrosis67.

A starch iodine test will delineate the hyperhidrotic area, which can extend up

the sides and even the dorsum of the foot. BoNT-A should be evenly distributed

every 1�2 cm using a small gauge needle and injecting into the deep dermis at the

level of the dermal�adipose junction. Technically injections of the plantar surface

can be more challenging due to the thickness of the stratum corneum in some

areas, especially if calloused. The physician will have to adjust for the variations in

depth to accurately place BoNT-A into the appropriate cutaneous level.

The need for pain control has to be addressed similar to palmar injections. IVRA

can provide sufficient anesthesia of the sole and has been reported to be effective

when administering BoNT-A to the foot. In a small series of eight patients, IVRA

was found to be more effective than a peripheral nerve block in reducing the pain

of BoNT-A injections67.

Adequate plantar anesthesia can also be obtained with nerve blocks, generally

performed at the level of the ankle. The tibial nerve is blocked by injecting at the

level of the medial malleolus posterior to the posterior tibial artery (between

the Achilles tendon and the medial malleolus). A second injection is performed at

the lateral ankle between the Achilles tendon and the superior border of the lateral

malleolus to provide blockade of the sural nerve52. Rarely, the dorsum of the foot

may need to be treated for some patients and the superficial peroneal nerve can be

blocked. A dose of 3�5ml 1 per cent lidocaine without epinephrine is injected at

each site.

Vadoud-Seyedi reported on the role of the Dermojet in plantar hyperhidrosis,

treating 10 patients with 50U BoNT-A in 5ml saline per foot. Fifteen to twenty

sites were injected per foot and no analgesia was utilized. The injections were

tolerated well by all patients. One developed a localized hematoma but no
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weakness or other complications were noted. The duration of benefit lasted

3�6 months, although 20 per cent of patients reported that the treatment had no

effect on their condition. The starch iodine test revealed absence of plantar

sweating in both of these patients for approximately 3 months68.

9.9 Facial hyperhidrosis

Facial hyperhidrosis has two distinct clinical pictures. The first presents as

excessive sweating of the forehead with or without involvement of the scalp.

Some patients with craniofacial hyperhidrosis also have excessive sweating of

the nose, chin, cheeks or upper lip. Gustatory sweating or Frey’s syndrome is

a common complication after surgery or injury in the region of the parotid gland.

It most likely stems from aberrant regeneration of the secreto-motor para-

sympathetic neurons that normally innervate the parotid and salivary glands69.

Gustatory sweating can also occur in diabetics with nephropathy or neuropathy70.

All respond to BoNT-A, with gustatory sweating responding for very long periods

of time.

There is a paucity of literature published on craniofacial hyperhidrosis. Kinkelin

et al. injected a mean of 86U of BOTOX� (3 units per injection site) over the

forehead at equidistant locations (1�1.5 cm) in 10 men with frontal hyper-

hidrosis71. To prevent drooping of the eyelids, the injections were kept 1 cm above

the eyebrow and injections were performed intracutaneously. Five patients had

partial disability in frowning of the forehead, limited to a maximum of 8 weeks.

There were no cases of ptosis. Satisfaction was excellent or good in 90 per cent of

the subjects. This effect was maintained for 5 months in nine patients71. Tan and

Solish report that symptoms return in an average of 4½ months after treatment

of the forehead21.

Böger treated 12 men suffering from bilateral craniofacial hyperhidrosis with

Dysport injections of 0.1 ng per injection72. Half of the forehead was treated using

a total of 2.5�4 ng injected equidistantly over one-half. A total of 25�40 injections

were administered intradermally to the treatment area. At 4 weeks the patients

were re-evaluated and the other side of the face was injected in the same fashion.

Decreased sweating was seen within 1 to 7 days after injection and lasted

a minimum of 3 months. One patient experienced anhidrosis for 27 months.

Side effects were limited to temporary weakness of the frontalis muscle (100%),

with 17 per cent experiencing slight brow asymmetry that lasted 1�12 months.

There was no relationship between the dose and the strength of the side effect.

One patient did not respond initially to 3 ng but had a partial response upon

re-treatment with a higher dose.
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The treatment of Frey’s syndrome requires small doses of BoNT-A and provides

long lasting relief. It is crucial that the affected area be mapped out and the

sweating may need to be stimulated by having the patient eat something; sour

candy can be very useful. Typical doses used are 1�2U injected every 2 cm

(Table 9.6). Therapy is well-tolerated although some patients will have weakness of

the mimic muscles when injections are placed too close to the corner of the mouth.

Treatment of gustatory sweating complicating diabetes with BoNT-A provides

symptomatic relief up to 6 months. Restivo used Dysport� 5U/2.25 cm2 (mean of

8.3 injections per patient) in 14 patients with diabetes related gustatory sweating.

No adverse effects were noted except an occasional cutaneous hematoma at the site

of injection70.

It is unclear why the duration of benefit is so long when treating gustatory

sweating. There is some evidence that higher doses of BoNT-Amay provide longer

durations of symptom relief 73, but even with relatively small doses, the duration of

effect is outstanding and can be longer than 3 years74. The varying lengths of time

seen may be related to different susceptibilities of sweat glands or the specific

etiology of the condition14,69. Laskawi describes three potential mechanisms75:

1. the sweat gland function may be partially or completely abolished in the long

time during which they were denervated;

Table 9.6. The use of BoNT-A in the treatment of gustatory sweating (Frey’s syndrome)

Author Year Drug and Dose N Duration Side effects

Naumann93 1997 BoNT 1�2U/2.25 cm2 45 46 months Small hematomata 11%

Mean 21U

Bjerkhoel94 1997 BoNT 17.5�62.5U 15 413 months Mimic muscle corner

of mouth 6%Mean 37U

Laskawi75 1998 BoNT 2.5U/4 cm 19 17.3 months mean None

Average 31U

Laccourrege76 1998 BoNT 2.5U/2 cm 14 43�9 months Weakness upper lip 14%

25�88U

Eckardt95 2003 BoNT 16�80U 33 412 months None

Kyrmizakis69 2004 BoNT 2.5U/3�4 cm2 11 416�23 months None

15�52U

Guntinas-Lichius73 2002 Dysport� 40 8 months None

148U mean (N¼ 20) 16 months

248U mean (N¼ 20)

Beerens96 2002 Dys 67.5�150U 13 3�24 months Paresis at corner

of mouth 15%Mean 100U

BoNT¼BOTOX�; Dys¼Dysport�.
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2. once chemically denervated, autonomic nerve fibers are regenerated feebly or

not at all;

3. post-surgical and post-traumatic changes locally in the tissue may compromise

the regeneration of axon terminals.

There is one report of a patient with Frey’s syndrome that developed clinical

resistance to Dysport�. Her first treatment in 1999 with 620U Dysport� lasted

only 4 months and a frontalis muscle test to the drug was negative. 13 500U

BoNT-B was injected with recurrence of symptoms at 9 months76. Also, there is

a report of a patient with torticollis that was immunoresistant to BoNT-A after

2 years. This Frey’s syndrome patient was successfully treated with BoNT-F,

although the benefit lasted only 3½ months24.

9.10 Other indications

Inguinal hyperhidrosis affects 2�10 per cent of individuals with primary

hyperhidrosis. It usually develops in adolescence and may be associated with

excessive sweating of other body sites. It can be debilitating for patients.

Intradermal injections of BoNT-A can control the symptoms for 6 months or

more77. Before treatment can begin, the affected area must be identified with

a starch iodine test. BoNT-A is injected in a typical fashion, using 2�3U BOTOX�

every 1�2 cm. The total recommended dose is 100U but 60�80U may be used

for less severe cases.

Compensatory hyperhidrosis is the most common complication of endo-

scopic transthoracic sympathectomy, ranging from 44 per cent to 91 per cent of

patients reported to develop the problem following surgery. Its development is

unpredictable, irreversible, and can be even more severe than the original

hyperhidrosis. Treatment has been particularly difficult but two reports note

success treating compensatory hyperhidrosis with BoNT-A. Huh used 300U

Dysport� to treat the chest and abdomen area after localizing the disease with

a starch iodine test. He diluted each 100U with 10 cm3 of saline and injected

0.1ml into each square centimeter. The effects gradually reduced but remained

for 8 months78. Belin and Polo treated a patient with severe compensatory

hyperhidrosis of the upper abdomen with good results in the treated areas36.

Unfortunately this man’s compensatory sweating was from the nipple line

down to his knees and the entire area was not treated due to the extensive

surface area.

Chromhidrosis is a rare disorder characterized by the excretion of colored or

pigmented sweat. It is most commonly confined to the face or axilla but has been

noted on the chest, abdomen, thighs, and groin areas. The colored sweat may be
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black, blue, green, or yellow. Several etiologies have been implicated. In true

eccrine chromhidrosis water soluble pigments are thought to be excreted by the

eccrine glands. In pseudo-eccrine chromhidrosis, compounds on the skin surface

mix with normally colorless eccrine sweat. Suspected chromogens include dyes,

colored chemicals or microorganisms such as Corynebacterium. Apocrine

chromhidrosis results from lipofuscin granules.

This disorder has been successfully treated with BoNT-A. Matarosso used 15U

of BOTOX� into the affected area of each cheek which measured 3 cm in diameter

for a total of 30U. He injected 3U of toxin intradermally at 1 cm intervals. Within

48 hours his patient had a marked reduction in the amount of discharged black

sweat79.

Botulinum toxin can be used to treat almost any localized or focal area of

hyperhidrosis. Several case reports describe success with various rare forms of

hyperhidrosis11,80. The key is to follow the basic principles of localizing the area

affected, injecting in the correct dermal plane and avoiding the underlying

musculature. The dosing will need to be adjusted based on the surface area. A good

starting point is to use 2�3U of BOTOX� every 1�2 cm. Repeating the starch

iodine test 2�3 weeks after treatment can help to localize untreated areas that may

require additional injections.

9.11 Botulinum toxin type B

Botulinum toxin type B use has been primarily limited to the treatment of

cervical dystonia and there are only a few reports of its use for treating

hyperhidrosis81. Injection of BoNT-B can induce focal anhidrosis; the response

being dose-dependent. Birklein found that a threshold dose of 8U lead to

anhidrotic skin spots 44 cm after 3 weeks. The duration was prolonged for

3 months when 15U were injected, and for 6 months when 125U BoNT-B were

injected82.

Despite its ability to induce anhidrosis, the use of BoNT-B is limited by the

occurrence of systemic adverse events81. Dressler reported that 100U BOTOX�,

2000U Neurobloc� and 4000U Neurobloc� are equally effective in blocking

axillary hyperhidrosis based on a study of 19 patients. The extent of improvement

was similar, approximately 16 weeks. The onset of action was earlier in the

BoNT-B treated side, but there was greater discomfort in the BoNT-B treated side

compared to the BoNT-A treated axilla. In addition, one patient developed severe

dryness of the mouth starting 1 week after the injection and which lasted for

5 weeks. The subject also developed accommodation difficulties and conjunc-

tival irritation that lasted for 3 weeks. Likewise, when patients were treated with
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5000U Neurobloc� in each axilla for primary focal hyperhidrosis, excellent

reduction in sweating was achieved but the incidence of side effects was high and

included dry mouth (52%), headache (10%) and sensory motor symptoms of the

hand (10%)83,84.

A patient with palmar hyperhidrosis was treated with 2500U Neurobloc� (Elan

Pharmaceuticals, San Francisco, CA) in each palm for a total dose of 5000U. The

hyperhidrosis stopped within 24 hours but 2 days after the injection he developed

bilateral blurred vision, indigestion, dry sore throat and dysphagia85. The largest

study to date using BoNT-B to treat palmar hyperhidrosis included 20 subjects86.

Three quarters of the patients were treated with 5000U Neurobloc� per palm and

one quarter of the subjects received placebo but were allowed to cross over into

treatment at one month. The duration of action ranged from 2.3�4.9 months.

Adverse events were common with 90 per cent of treated patients experiencing

dry mouth or throat. Other complications reported were indigestion (60%),

excessively dry hands (60%), muscle weakness (60%), and decreased grip strength

(50%).

Lower dosing may be the key to reducing the high incidence of side effects.

A small pilot study of four patients with axillary hyperhidrosis were safely injected

with 2500U Neurobloc� subcutaneously into each axilla. Excellent results were

seen in 75 per cent of the subjects and fair results in 25 per cent. No motor or

distant autonomic side effects were seen but after 3 months the axillary sweating

recurred87. BoNT-B is effective in reducing sweat and may be used to treat focal

areas of hyperhidrosis. However, because of the incidence of systemic side effects

using BoNT-B and the high safety profile using BoNT-A to treat focal

hyperhidrosis, to date, BoNT-A is the neurotoxin of choice.

9.12 Complications

Complications unique to a given body site has already been covered. Two more

global complications to be addressed are that of compensatory sweating secondary

to the treatment with botulinum toxin, and the development of resistance to

therapy during the treatment of hyperhidrosis. Since primary focal hyperhidrosis

is a disease of long duration, both deserve consideration.

Compensatory sweating is a common sequela of ETS. Following treatment

with other modalities, including botulinum toxins, some patients do report

a perceived increase in sweating from other body parts. This may be attributed

only to a new or heightened awareness of the problem once the focus of attention

has been removed from the primary treated area. One study specifically

addresses the issue of compensatory hyperhidrosis following BoNT-A therapy88.
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Seventeen patients were treated with BoNT-A and followed for 6 months. Eight

different body sites were monitored bilaterally to record any evidence of

compensatory sweating. There was no significant increase of sweating in any

nontreated area.

The possibility of antibody production with resulting immunoresistance

has been a concern with the use of BoNT-A. There have to date been no published

reports of resistance developing secondary to treatment of hyperhidrosis, but

data from three large clinical studies of patients treated with BoNT-A for axillary

hyperhidrosis are awaited. Serum samples were obtained at baseline, prior to

each treatment, and at the study exit. The subjects had received 1�4 different

treatments; maximum BoNT-A exposure being 600U. Of the 931 post-

treatment samples that were sufficient to analyze, one (0.1%) had neutralizing

antibodies present and fourteen (1.4%) were inconclusive. The one patient

who tested positive for toxin neutralizing antibodies demonstrated a clinical

response to treatment at the time of testing and subsequent testing did not indicate

the presence of antibodies. With the new batches of BoNT-A, there does not

appear to be any real risk of immunoresistance developing. Treatment of

hyperhidrosis requires relatively small doses and long intervals between treatment

sessions.

9.13 Future directions

The use of botulinum toxins has revolutionized the treatment of hyperhidrosis.

Compared with other treatments, it is unmatched in its efficacy, ease of

administration, and patient satisfaction. Further work is needed to optimize the

dose, dilution, and injection pattern. Development of quick, safe, and effective

pain control is needed for the treatment of more tender areas such as the palms

and soles. Plantar hyperhidrosis has been successfully treated using a dermojet to

deliver BoNT-A without the use of analgesia63. New delivery devices are already

being researched to help provide the most comfortable and efficient therapy.

Kavanagh and colleagues have successfully used a small iontophoresis machine to

deliver BoNT-A to two patients with severe palmar hyperhidrosis, sparing them

the injections89. Research is ongoing looking at the clinical applications of

different botulinum serotypes. Perhaps combination therapy will prove useful.

New research is underway to identify the genetic pattern of the disease, which may

give further clues to possible therapies.

For the present, botulinum toxin treatment is a valuable, well-tolerated therapy

for hyperhidrosis. Hyperhidrosis is socially disabling, occupationally disruptive,

and emotionally debilitating. Botulinum toxin injections can be delivered safely in
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the office and provide the much needed relief for the many who suffer with

hyperhidrosis.
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10.1 Introduction

The terms drooling, hypersalivation and sialorrhoea have been used inter-

changeably in scientific jargon. Drooling and sialorrhoea can be considered as

synonymous, both indicating ‘unintentional loss of saliva from the mouth’,

perhaps being more profuse in drooling. They usually refer to difficulty in

swallowing, either because of pharyngeal muscle weakness, or of reduced

spontaneous swallowing or incoordination, leading to excessive pooling of

saliva in the anterior mouth and consequent spillage. Hypersalivation (or absolute

hypersalivation) is an ‘abnormally increased production of saliva’, and does

not necessarily lead to drooling, if swallowing is efficient. Drooling is sometimes

simply referred to as ‘relative hypersalivation’.

10.2 Background and clinical description

Saliva performs a number of functions: it facilitates swallowing, keeps the

mouth moist and teeth clean, conveys molecules to stimulate the taste, and

has digestive and antibacterial functions. Normal daily salivary production

is about 1�2 l (0.5�1.5ml /min). The majority of daily salivary production is

secreted by the parotid and submandibular glands; the parotids account for

about 20 per cent of all saliva production, whilst the submandibular glands

produce about 70 per cent (Table 10.1). Sympathetic impulses modulate the

output of preformed components, including amylase and lysozyme, from

salivary cells.

The swallowing reflex normally prevents drooling. Swallowing is a complex task

requiring intact neuromuscular coordination: the mean number of swallowing

actions per hour is 25.

Clinical Uses of Botulinum Toxins, eds. Anthony B. Ward and Michael P. Barnes. Published by
Cambridge University Press. � Cambridge University Press 2007.
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10.2.1 The salivary glands

The parotid gland is located dorsally and laterally to the mandible. Most of the

gland lies superficially and can be easily detected using ultrasound anterior to the

tragus, inferiorly to the zygomatic arc and behind the posterior margin of masseter

muscle. Posteriorly, the gland overlaps the sternocleidomastoid muscle and

anteriorly the masseter muscle. The inferior tip of the gland extends into the neck.

The facial nerve enters the deep surface of the parotid gland and thereafter divides

into the temporal and cervicofacial branches. Both further subdivide into five

terminal branches within the gland parenchyma (Figure 10.1). The parotid duct

opens into the oral cavity opposite to the upper second molar tooth. The parotid

glands are made of serous cells, and therefore secrete a watery saliva containing

ptyalin, particularly as a response to specific stimuli (e.g. smell or sight of food).

The submandibular glands lie behind the descendent branch of the mandible

(Figure 10.2). They are rather superficial and can be easily found with ultrasound,

when approached from the neck. The submandibular glands encompass mixed cell

types (serous and mucinous). They are responsible for most of the basal secretion

rate and, because of the anterior position of Wharton’s duct, for the production

of most of the spilled saliva.

The sublingual glands lie under the floor of the mouth. They are predominately

mucinous, and rather secrete viscous saliva, acting as a lubricant for the oral cavity.

The salivary glands are controlled by the autonomic nervous system.

Parasympathetic or sympathetic stimulations produce saliva, but acetylcholine-

mediated muscarinic parasympathetic stimulation predominates, leading to the

production of a watery saliva. Sympathetic impulses modulate the output of

preformed components, including amylase and lysozyme, from salivary cells1.

Absence of both nerve impulses causes atrophy of the salivary gland parenchyma.

In the parotid gland, parasympathetic stimulation originates in the inferior

salivatory nucleus, and enters the gland on the auriculotemporal nerve, whereas

Table 10.1. Role of the salivary glands in the production of saliva

Salivary glands

Relative

contribution Quality

Parotid �20�25% Watery, containing ptyalin;

stimulus-induced

Submandibular and

sublingual

�60�70% Submandibular: mixed

(watery and viscous);

sublingual: viscous; basal

Minor glands: lingual,

labial, buccal and palatal

�5�10% Mixed (watery and viscous);

basal
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sympathetic innervation lies around the carotid artery. In the submandibular

gland, parasympathetic innervation originates at the superior salivatory nucleus,

and enters the gland via the corda tympani and lingual nerves; instead, the

sympathetic plexus innervating the gland lies around the facial artery.

Figure 10.1 Anatomicalillustration of the position of parotid and submandibular gland, with surface

reperi, lateral view. Branches of the facial nerve are also shown. Modified from Ref. 59.

Figure 10.2 Anatomical illustration of the position of parotid and submandibular gland, with surface

reperi, neck view. Modified from Ref. 59.
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10.2.2 Drooling

Drooling is normal in young infants; it usually subsides by 18 months as result

of physiologic maturity of the orolingual motor function. Drooling beyond 4 years

of age is considered abnormal, although otherwise normal children may occa-

sionally achieve complete saliva control only in the early teens2. Children

who drool in the early stages may improve as dental age and oral musculature

mature.

Absolute hypersalivation is quite rare. Transient hypersalivation follows

physiological stimuli (i.e. smell or sight of food). Hypersalivation can be due to

lesions or foreign bodies placed into the mouth, to rabies infections or mercurial

poisoning. It can also be a pharmacological side effect of some antiepileptic drugs,

or of atypical neuroleptics (such as clozapine). In the case of clozapine, it has been

suggested that hypersalivation occurs in as many as 74 per cent of patients;

however, the pathophysiology of clozapine-induced sialorrhoea remains unclear,

as no differences in average saliva flow have been demonstrated. Hypersalivation is

also observed in a rare autosomal-recessive disorder known as familial dysauto-

nomia that exclusively affects children of Jewish Ashkenazi origin. In this case it

may be the result of a combination of impaired swallowing and progressive

autonomic neuropathy, leading to denervation supersensitivity and salivary

hyperfunction1. Similarly, in familial amyloid polineuropathy, which also affects

the autonomic nerves, an increased secretion after gum chewing has been found

and also attributed to denervation supersensitivity. Finally, a common cause of

transient hypersalivation is gastro-oesophageal reflux.

Relative hypersalivation (or drooling) primarily results from infrequent or

improper swallowing, dysfunctional voluntary oral motor activity, inadequate lip

closure, or forward head posture. It can be seen in association with a wide number

of neurological disorders in which swallowing and motility of the lower face

musculature are variably affected.

Sialorrhoea occurs in about 50 per cent of patients with amyotrophic lateral

sclerosis (ALS); 20 per cent of them have continuous and troublesome

drooling3�5.

From 40 to 80 per cent of patients with parkinsonism may have difficulties

with sialorrhoea at some point in their disease course6,7. It has been hypothesized

that hypersalivation in Parkinson’s disease (PD) may occur as a consequence of

the involvement of autonomic ganglia, as Lewy bodies have been found therein.

Most probably, however, drooling in these patients is not caused by increased

salivation, but rather by disturbed swallowing mainly resulting from akinesia;

indeed, it has been demonstrated that PD patients have normal and often reduced

salivation when compared to age-matched controls8. Moreover, the forward

flexion of head and trunk are likely to contribute to sialorrhoea.
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Other neurological disorders that can be associated with drooling are

myopathies, myasthenia gravis, multiple sclerosis, post-stroke, and post-traumatic

encephalopathy with involvement of bulbar muscles.

Children with neurological disorders such as cerebral palsy (CP), neuromus-

cular diseases, autism, language disorders or mental retardation may drool.

It has been reported that 10�37.5 per cent of children with CP have significant

enough drooling problems as to interfere with their daily life. In a prevalence

study conducted on children with CP afferent to special schools, it has been

reported that 58 per cent of them had drooling, which was severe in 33 per cent,

moderate in 9 per cent and mild in 6 per cent9. Studies in children with CP

showed normal pharyngeal and oesophageal phases of deglutition, with a marked

dysfunction in the oral phase, specifically in the initial suction stage, which

hampered initial swallowing10. Lack of adequate strength in lip closure is also

correlated to dribbling in children. Oral and pharyngeal sensory disturbances

or central interruption of normal swallowing reflexes may play a role too. Absolute

hypersalivation does not occur in children with CP10.

Sialorrhoea may also be secondary to sensory dysfunctions in the larynx or to

surgical procedures in the upper aerodigestive tract, all resulting in dysphagia.

Following oropharingeal surgery, sialorrhoea, albeit transitory, may interfere with

wound healing by leading to fistula forming.

Frey’s syndrome consists in sweating from the face skin after an appropriate

gustative stimulus; it is consequent to abnormal cholinergic reinnervation of

denervated cutaneous sweat glands. It can occur as a complication of parotid gland

surgery or after sympathetic denervation due to autonomic neuropathies (such as

diabetes)11.

Persistent drooling is socially stigmatizing and may affect interpersonal

relationship and self-esteem, because of unpleasant smells and unhygienic appear-

ance. Drooling leads to problems with articulation, feeding, swallowing, and

work activities. In addition to irritation and ulceration of perioral skin, in some

cases associated with infections, excessive drooling can cause aspiration, choking

and ab-ingestis pulmonitis. Children and intellectually disabled patients often

experience a sizeable improvement in their social behaviour and mood after

reduction of drooling after a specific treatment of sialorrhoea.

Evaluation of drooling

Saliva production is influenced by a number of factors, such as the time elapsed

from or required to complete feeding, time of the day, concomitant medication,

talking, and stressful circumstances. Some different methods have been proposed

to measure drooling and evaluate treatment efficacy.
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Subjective methods to evaluate drooling are provided by the Visual Analogic

Scale (VAS) (Figure 10.3), the Drooling Frequency Scale (DFS), the Drooling

Severity Scale (DSS) and the Drool Rating Scale (DRS)12, which are based on

observations performed by the patients or by their caregiver. These subjective

evaluations largely rely on the patient’s expectations, mood, and general

conditions.

Semi-quantitative methods, aimed at measuring the daily production of saliva,

include counting the number of paper handkerchiefs or the number of napkins

changed in the course of the day, with evaluation of the degree of moistness

(i.e. from 1¼ dry to 3¼ soaking wet). These methods, too, depend on subjective

interpretations and variable behaviour, such as the judgement on cloth wetness

or the decision on when to change them13.

Saliva production at a given time can be measured by inserting dental cotton

rolls into the mouth for a short period of time (e.g. from 2 to 5min). The quan-

tity of saliva produced will result from the difference between the weight of the

wet and dry rolls or from the volume of saliva collected after centrifugation of the

rolls. These evaluations should be performed at the same time of the day and in

standardized conditions. The patient should be in the upright position, having

not drunk or eaten since 1 hour before assessment; measurements should be

performed after an initial swallow of saliva. In addition, specific collecting systems

have been engineered. These rely on cup-like collection devices that can be

connected to a system of calibrated test tubes, to measure the total volume of saliva

produced10. Objective methods account only for the moment of the evaluation,

not taking into account daily and weekly fluctuations in saliva production,

mechanical and gustatory stimuli, emotional state or body posture. The influence

of daily variability can be reduced by performing repeated measurements, possibly

on different days.

Finally, ultrasound evaluation of the gland appearance and size or salivary gland

scintigraphy (using [99mTc]pertechnetate) could help define changes in gland

volume, consistency and activity after treatment3. These methods are not fully

reliable and standardized and do not give any information on the functional

impairment brought about by drooling.

Figure 10.3 This visual analogic scale (VAS) scores the evaluation performed by the patient himself or

the caregiver; one extreme indicates the best possible condition and the other is the worst

possible condition. The scale line is 10-cm long.
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None of the methods described here are truly satisfactory: two or more of these

evaluations should be performed in combination to reach an accurate estimate

of treatment efficacy, ideally combining at least one subjective and one objective

measure. This view is supported by a number of studies that failed to demonstrate

a direct correlation between objectively measured saliva reduction and the

reported subjective improvement. This discrepancy is explained not only by

the inadequate accuracy of the measuring tools, but also by the fact that drooling,

and most of the subjective impact of it, is only partially related to the absolute

flow of saliva, as it greatly depends on the performance in swallowing and on the

efficacy of the oral musculature.

10.3 Alternative treatments

Several treatments have been used over time to treat drooling. Oral treatment

as well as local and surgical interventions have been proposed. Benefit is most

likely to be achieved in young children, where maturation of oral function may

occur, and in adults with relatively mild problems of salivary control.

10.3.1 Anticholinergic drugs

Various anticholinergic drugs have been used to treat sialorrhoea. These drugs act

by reducing cholinergic activity that stimulates secretion of saliva, but are usually

ineffective at low doses. Higher dosages, instead, often produce unacceptable

systemic side effects, such as confusion, memory impairment, hallucinations,

insomnia and sedation, blurred vision, exacerbation of acute angle glaucoma,

urinary retention, constipation, and cardiac arrhythmia. Moreover, this symp-

tomatic treatment only produces a temporary relief. Anticholinergic drugs can

be given orally, sublingually, transdermally, subcutaneously, intramuscularly,

or intravenously.

Glycopyrronium bromide (glycopirrolate) is a quaternary anticholinergic

that is thought to be less likely to cross the blood�brain barrier, thus producing

fewer central effects. The sparse studies performed in adults and children have

agreed that the benefit of orally administered glycopirrolate is generally in

the range of 70�90 per cent of improvement at doses up to 2mg daily (or up to

0.4mg/kg/day in children)13�15. However, reported side effects are behavioural

problems, urinary retention and constipation. These occurred even at lower

doses and were more pronounced in children than in adults and often led to

discontinuation of the treatment16. Topical application of glycopirrolate has

been proposed for the treatment of Frey’s syndrome, with infrequent mild

adverse events17.
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Studies on benztropine mesylate and trihexyphenidyl, reported inconsistent

data on efficacy and side effects. It has been suggested that, at least in children

with CP, trihexyphenidyl is more indicated than other oral drugs because of

its potential benefit on dystonia associated to CP. This anticholinergic drug can

be started at the dose of 0.02�0.04mg/kg/day, and slowly increased on need.

Transdermal scopolamine has been used to treat drooling, but the results were

inconsistent. It is not infrequent to observe allergic reactions to the self-adhering

skin patch. Moreover, chronic treatment with scopolamine has been associated

with dizziness, blurred vision, psychosis or confusion. A different route of admin-

istration has been attempted in three patients with drooling who were treated by

local nebulization of 800 mg of scopolamine. Benefit without side effects has been

reported, but a short-lived effect and the need for repeated prolonged applications

through a mouth mask make this treatment uncomfortable18.

Significant improvement on subjective evaluation, despite a non-significant

objective reduction of saliva flow, has been achieved in seven patients with

sialorrhoea secondary to parkinsonism, treated with sublingual atropine twice

daily. Two of them, however, experienced worsening of hallucinations7. Sub-

lingual atropine was also effective in controlling clozapine-induced sialorrhoea19.

10.3.2 Surgical treatment

Various reports have suggested that over 80 per cent of patients undergoing

a surgical procedure would benefit from surgery. It has been demonstrated that,

at least in children, neuromuscular oral impairment and the severity of drooling

are inversely related to postoperative improvement20,21. Surgical interventions

are invasive and irreversible, and are therefore inadequate in young children,

elderly patients with poor general conditions or when sialorrhoea is a tempo-

rary feature. In children, surgical treatments should be postponed until full

dental development has been reached9. Those who undergo surgical procedure

without additional risks are generally young, otherwise fit, patients. A number

of studies have pointed out the complications that can occur during surgery

and the potential long-term side effects, such as dental caries, salivary glands

calculi or a number of symptoms due to excessive dryness of the mouth (burning

sensations, fissuring of commissures, tongue paraesthesias). Finally, it should

also be taken into account that few surgeons have adequate experience or are

willing to engage themselves in these rather uncommon procedures.

Surgical treatment can be directed to each of the salivary glands or to the

excretory ducts in different combinations. Excision of the parotid glands can

be complicated by facial nerve palsy or by Frey’s syndrome (see above); the latter

occurs in up to 96 per cent of patients, as demonstrated by the starch iodine

testing (Minor test). Excision of the submandibular gland can be associated
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with ligation22 or rerouting of the parotid duct (so-called Wilkie’s procedure).

Benefits have been reported in up to 80�100 per cent of patients, but side effects

are common (up to 30 per cent, including wound dehiscence, duct stenosis or

cyst, oral/dental problems, septic parotitis, xerostomia). Furthermore, excision of

the submandibular gland can be complicated by permanent (up to 7 per cent)

or temporary (up to 36 per cent) damage to the marginal mandibular nerve or

by damage to other nerves, such as the lingual or the hypoglossal.

Salivary duct transposition consists in rerouting of the ducts and orifices to

the pharynx to bypass the oral phase of deglutition. A reasonably efficient pha-

ryngeal phase is needed in order to avoid the risk of aspiration. Submandibular

salivary duct transposition is the most common type of surgery20,21,23�25.

This procedure is commonly complicated by unwanted events, such as lateral

neck cyst or a mucous retention pseudocystis of the sublingual ducts and gland

(ranula), which could eventually require additional surgery. Duct obstruction,

gland infection or transient airway obstruction have also been reported21,24.

Transient swelling of the cheek, the mouth floor or of the submandibular region

is a common finding after this type of surgery and can last for several weeks.

Recently, the transposition of parotid duct orifices using vein grafts has been

introduced. This procedure is still anecdotal and requires high surgical compe-

tence and a microsurgical approach26.

Surgical ligation of the parotid excretory ducts involves the danger of gland

swelling and abscess formation, because of a congestion of the secretory product.

The efficacy of this procedure, when performed alone, is controversial27. The

four-duct ligation (bilateral parotid and submandibular duct ligation) can be

efficacious and less invasive than gland excision27,28.

Transtympanic neurectomy produces a parasympathetic denervation of the

parotid gland. Sialorrhoea control by approximately 75 per cent has been reported

in the immediate, while long-term studies show a high failure rate. It is usually

performed in association with a division of the corda tympani, inevitably causing

loss of taste in the anterior two-thirds of the tongue.

10.3.3 Radiotherapy

Radiation-induced xerostomia is a well-known side effect of radiotherapy

delivered to the head and neck region. The serous acinic cells of the salivary

tissue are the target of radiation injury. Very few reports in the literature refer

to the use of this technique for treating sialorrhoea. In a report on 31 cases of

sialorrhoea of different origin, referred to radiotherapy after failure of medical

treatment, an initial satisfactory response (complete to partial, but with drooling

not interfering any longer with social activities) was achieved in 82 per cent of

patients29. In 64 per cent of cases, benefit was maintained for a mean follow-up
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period of 39 months. Response rates were higher with electrons than with

orthovoltage, and when larger fields (including both submandibular glands

and the whole of parotids) were used. Twenty-six per cent of the patients reported

acute side effects (oral candidiasis, skin reactions, mucositis), while 13 per cent

reported permanent side effects (troublesome thick secretions and temporo-

mandibular joint fusion). In another series, including only patients with

sialorrhoea due to ALS, benefit was achieved in all the patients, but symptoms

sometimes recurred after a few months. Reported side effects were erythema and

burning of the skin, sore throat, nausea, and thicker secretions, all of which

receded from a few hours to 4 weeks5.

The elderly and those in poor general conditions, or with limited life

expectancy, can be offered radiation therapy. This treatment, however, should

be avoided in children, because of the risk of inducing malignancies or impeding

a normal growth, thereby leading to facial asymmetry or osteonecrosis.

10.3.4 Occupational, physical, and speech therapies

It has been suggested that facilitation of mouth closure can effectively decrease

drooling. Exercises, stimulation programmes or the intraoral appliance of training

devices have been proposed to improve the strength of lip seal and deglutition

mechanisms30,31. Intraoral appliances are not suitable for children under the age

of six, in whom presumably dentition is not fully completed. Vibration and/or

icing have been used to improve sensation and movement. Behavioural modifi-

cation programmes use a conditioning technique with auditory or visual signals

as cues to prompt swallowing (biofeedback). The target end-points of these

programmes are the child’s awareness of drooling and his ability to swallow on

command, which correlate with the overall treatment outcome. These techniques

are time-consuming and require full cooperation, in addition to the integrity

of the neuromuscular system in the facial district. Success largely depends on

the intellectual ability and motivation of the patient. Motor rehabilitation

should be aimed to enhance head control, improve muscle tone, and stabilize

the relation of body position.

10.3.5 Acupuncture

Tongue acupuncture has been proposed as a treatment of alternative medicine for

children with drooling. Five of the 40 points thought to correspond somatoto-

pically to specific skills or body regions are usually addressed. Thirty sessions are

normally required for a total course of 6 weeks. Good results, according to

subjective evaluations, have been obtained in 10 children. Improvement of

drooling still persisted over 6-month follow-up32.
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10.4 Botulinum toxin

10.4.1 Introduction

Autonomic symptoms of the cranial district and particularly dry mouth have

been observed in the majority of patients with human botulism. In 1822 Justinus

Kerner, analysing 155 cases of food-borne botulism, made the first accurate

description of botulinum toxin (BoNT)-induced autonomic failure. Kerner

also developed the idea of a possible therapeutic use of the substance causing

botulism, not only for muscular hypercontractions, but also for units of

hyperhidrosis and hypersalivation33.

Two BoNT serotypes (BoNT-A and BoNT-B) are available in the clinic; their

relative potency has not been univocally assessed and therefore direct comparisons

have a limited value. The possible use of BoNT for the treatment of sialorrhoea was

first considered by Bushara, who proposed to inject BoNT type A into the parotid

glands in patients with ALS34. However only in the last few years has BoNT type A,

and very recently also type B, been used for this purpose.

10.4.2 Efficacy

BoNT inhibits acetylcholine release in nerve terminals not only at the

neuromuscular junction, but also in the sympathetic and parasympathetic

ganglion cells and in postganglionic parasympathetic nerves. This action is

exerted by blocking the fusion of acetylcholine-containing vesicles with the plasma

membrane. In animals it has been demonstrated that in the parotid and

submandibular glands BoNT-A inhibits the release of acetylcholine from the

synaptic vesicles into the synaptic cleft, resulting in reduced function of

parasympathetic controlled glands. In rats treated in just one parotid gland the

acinar volume is increased in the treated gland, probably as a result of retention of

the excretion products in the cell bodies. The increased number of acinar cells

observed in the contralateral gland could be due to a reactive enhancement of

saliva production. This phenomenon has not been observed after treatment of the

submandibular glands35. Studies in dogs have demonstrated that BoNT types

A and D significantly decrease the production of saliva from the submandibular

gland through an anticholinergic, rather than toxic, effect36. BoNT-B produces

similar effects at the neuromuscular junction and autonomic terminals, acting on

a different intracellular target. The blockade of nerve terminals by BoNTs is

irreversible; the clinical effects, however, are temporary as new nerve terminals

sprout giving rise to new connections.

Anticholinergic side effects seem to be more common with BoNT-B. Trials on

patients with cervical dystonia treated with BoNT-B have reported an increased

incidence of dysphagia and dryness of the mouth37,38. These adverse events
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increase with increasing dosage37 and account for up to 44 per cent of the cases

treated with 10.000 NeuroBlocTM38. The most frequent side effects reported with

BoNT-B are dryness of the mouth (76%), impaired accommodation (36%),

irritation of the conjunctiva (20%), reduced sweating, swallowing difficulties,

heartburn, constipation, difficult bladder voiding, head instability, dryness of

nasal mucosa or thrush39�41. BoNT-A is from 10 to 50 times more potent than

BoNT-B as a treatment of the motor symptoms of dystonia, although it is only

2.5�20 times more potent than BoNT-B when sudomotor blockade is consi-

dered41,42. It appears that BoNT-B is clearly more potent in blocking sudomotor

nerves than motor neurons in humans, probably due to a different affinity for

the BoNT serotypes of cholinergic synapses of the autonomic and motor systems.

A higher affinity of BoNT-B for the autonomic than somatic motor nerves could

account for the higher frequency of autonomic side effects observed in patients

treated for dystonia with BoNT-B. It is therefore hypothesized, albeit not yet

confirmed, that less unwanted weakness of surrounding muscles could occur

following injections of BoNT-B into the salivary glands.

Treatment of salivary drooling with BoNT has proven promising, especially

when compared to other available treatments. Parotid was the initially targeted

gland, mainly because it is easily reached. This gland, however, accounts for only

about 20 per cent of all saliva production. Since the submandibular glands

produce most of the saliva, the simultaneous or sequential combined treatment of

the parotid and submandibular glands has been attempted. In cases in which only

the parotid glands are injected, the remaining viscous secretions of the

submandibular and sublingual glands is sufficient to protect against the unwanted

effects due to dry mouth4. Still, when the parotid and submandibular glands are

both injected, dry mouth is uncommon, because the basal secretion of the

remaining salivary glands is sufficient. Treatment of submandibular glands alone

is far less effective than combined treatments12. No detailed reports are available

concerning injection of BoNT in the sublingual glands. It has only beenmentioned

that dysphagia occurred in half of four patients who received direct injections

into the sublingual glands without benefiting in any reduction of sialorrhoea43.

Salivary flow is reduced after BoNT treatment, but the secretion of salivary

components is not, because BoNT does not affect adrenergic innervation44.

The clinical efficacy of the BoNT is appreciable within 7 days and anyway within

2 weeks after treatment. The duration of the effect has not always been accurately

measured and seems to vary between 6 and 30 weeks (Tables 10.2 and 10.3).

Therefore, the injections must be repeated periodically. An inverse correlation has

been reported between the amount of drooling before treatment and the duration

and the scale of clinical benefit12,45; this may suggest that BoNT doses need to

be tailored on each patient. The reported duration of efficacy following BoNT
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treatment of sialorrhoea is longer than that following treatments for focal dystonia

or spasticity and is similar to that of hyperhidrosis. The reason for this difference

is unclear at present; one possibility is that this effect may be related to a different

rate for the synthesis of the synaptic proteins inhibited by BoNT in the autonomic

nerves compared to somatic motor nerves. In addition, re-sprouting in autonomic

nerve endings has not been observed to date46. It has been hypothesized that

autonomic innervation may have a trophic function on glands, that would be lost

following BoNT treatment47, but histological findings on sweat glands after BoNT

treatment do not reveal gland atrophy46.

There are only three published studies on BoNT-B injections for

drooling43,48,59. The reported magnitude and duration of efficacy and the

frequency of side effects are similar to those reported in trials using BoNT-A.

BoNT treatment has been successfully used also to treat clozapine-induced

hypersalivation49 and Frey’s syndrome50,51. In this latter condition, it has been

administered subcutaneously.

Results of BoNT treatment largely depend on the accuracy of injection

placement into the glands, on the dose used, on the choice of glands to inject

(based on their relative role in salivary secretion), on the patient’s condition and

on the underlying pathology59. Some studies failed to demonstrate objectively

a significant saliva reduction, despite subjective improvement. This discrepancy

could be explained by a placebo effect, since only three controlled studies have

been conducted43,45,52, or by limitations in the accuracy of the outcome measures.

The variety of dosages, of toxin brands, of assessment methods, and of the causes

of drooling make it very difficult to compare the available studies. In general

terms, most studies reported that the overall benefit was reasonably good and

capable of improving the patients’ quality of life (Tables 10.2 and 10.3).

10.4.3 Injection techniques

BoNT injections are made percutaneously into the parotid or into the

submandibular gland. One pilot study has attempted to deliver BoNT directly

through Stenson’s duct, but this retrograde approach has produced unacceptable

side effects53.

In most of the studies, the injections have been performed without guidance,

but recent evidence suggests that a better outcome can be obtained when

ultrasound guidance is used. This allows us to accurately reach the gland

parenchyma, compensating for the anatomical variability of gland location

observed in different patients. Ultrasound guidance is an essential aid to avoid

vascular structures and branches of the facial nerve. It has been suggested that

electromyographic guidance could prevent inadvertent injection into the masseter
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muscle, but this procedure can be difficult, painful and time-consuming, while

comparable results can be obtained with ultrasound guidance alone.

The parotid gland can otherwise be targeted considering the surface anatomical

reperi (as shown in Figure 10.4). The cholinergic innervation is equally distrib-

uted within the gland, and there is no need to target any specific area. The aim

of the treatment is to reach the entire gland volume; for this purpose usually

2�3 injections are performed. The preferred injection points are:

(1) in the space between the mandibular ascendent branch, the anterior border

of mastoid process and the adjoining upper part of SCM muscle;

(2) preauricularly, between the posterior margin of the masseter muscle, the

tragus and the mandibular corner, or

(3) between the mandibular ascendent branch and the posterior margin of the

masseter muscle.

If the injections are placed inmore than one site, at least one should be in the gland

body, while the others could be in the tail or in the region above the masseter

muscle.

The submandibular glands are targeted considering, as anatomical reperi,

the margin of mandibular descendent branch (as shown in Figure 10.5). BoNT can

be injected in a single site per each gland.

Injection depth in parotid glands can vary, according to the site chosen. Studies

on BoNT-A diffusion show its ability to disseminate beyond fascial planes.

Figure 10.4 Suggested injection points for the parotid gland.
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When ultrasound guidance is used, delivering the toxin in the middle of the gland

can minimize the risk of diffusion, yielding a more favourable dose�response

relationship. We suggest using a 55mm 22G needle; a depth of 30mm can be

necessary to reach the centre of the gland. When the injections are made without

guidance, the depth should be kept around 10�15mm, in order to avoid nervous

and vascular structures within the gland. Extra-fascial parotid injections have also

been proposed4.

The patient can be placed supine, with the head turned on one side to treat the

parotids and with the head in a backward tilt to treat the submandibular glands.

It is good usage to provide appropriate antisepsis and to withdraw the syringe

plunger, thus ensuring that the needle has not penetrated any vessel. The diluted

toxin should be injected slowly within the gland.

10.4.4 Dosage guidelines

For the parotid gland the reported doses of BoNT-A vary between 5 and 40

BOTOX�U, usually diluted in 2ml of saline, or 20�150 Dysport�U (Table 10.2).

The reported doses of BoNT-B were 1000NeuroBloc
TM

U in each parotid gland.

The total dose was injected in one or up to three sites. In the submandibular

glands doses of 5�15 BOTOX�Uwere used in each gland in three studies, whereas

78.75 Dysport�Uwere injected in one study and 250NeuroBloc
TM

Uwere used in

two study. In all these studies, the injectionswere placed in a single site (Table 10.2).

Figure 10.5 Suggested injection points for the submandibular gland.
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In order to prevent the potentially serious side effect of dysphagia in patients

with bulbar symptoms it is prudent to initially begin treatment with a lower dosage

(i.e. between 5 and 10 BOTOX�U) in each parotid gland, depending on the

amount of drooling. If these are ineffective, higher dosages can be used in the

parotid gland or the submandibular glands may be additionally injected.

Some authors attempted to determine if any features could predict the outcome

of treatment. At least in adults, weight does not influence the efficacy following

a fixed dose48; some authors have suggested the adjustment of dosage in children

in consideration of the low weight and the smaller dimensions of the targeted

glands2. This does not apply to adults where the efficacy of BoNT depends entirely

on its local action without any appreciable weight influence.

10.4.5 Side effects

Side effects are related to injection site, the dosage and dilution of the toxin used,

along with the patient’s general conditions. Occurrence of side effects is usually

higher in patients with poor physical conditions (i.e. patients with ALS in the late

stages). Ultrasound guidance greatly increases the safety of the treatment, and

helps avoiding vascular and nerve structures, as well as the masseter muscle. The

most frequent potential side effect of this treatment is excessive dryness of the

mouth; this has been reported only in few patients and has always been mild and

short-lasting. In keeping with this, potential aftermaths of this side effect (such as

salivary duct calculi or dental caries) have never been reported. A theoretically

relevant complication could be dysphagia, due to diffusion to nearby bulbar

muscles; this, however, has been reported in just one patient, who experienced

mild worsening of a pre-existing dysphagia54. Chewing can also be weakened, due

to diffusion of BoNT to themasseter muscles; this has been reported in two studies

in which the injections were made without guidance54,55. Excessive weakness of

a masseter muscle can induce dislocation of the temporo-mandibular joint.

Damage to the facial nerve or the facial artery that cross the parotid are

theoretically possible complications that have never been reported, even when the

injections were performed without guidance. This could be due to the common

use of short and thin needles (less than 25G), that penetrate the parotid only

superficially. Infection of the salivary gland or of the salivary duct or local

haematomas are also possible, theoretical, complications. Surprisingly, increase of

sialorrhoea has been reported twice (in an adult and a child); this is possibly due to

the occurrence of mild dysphagia and consequent further reduction of swallow-

ing3,56. Pain at the injection site is frequently reported, particularly when

larger needles are used. In children, local anaesthesia with anaesthetic cream is

useful (Table 10.3); general anaesthesia has also been anecdotally used57, but is

rarely necessary. Other reported side effects following BoNT injection are
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gait worsening, diarrhoea or neck pain43; these are unlikely to be related to

the treatment, but rather to the underlying pathology. In our experience, the

frequency of side effects is very low when patients are in good general condition

and ultrasound guidance is used.

10.5 Conclusion

BoNT is an efficacious treatment of drooling, especially when it is administered

in more than just one salivary gland. The safety of this treatment can be increased

by using ultrasound guidance. The reduction of saliva flow in a patient with

hypersalivation can increase dental caries and requires an adequate dental

supervision if the treatment is prolonged in time.

In order to fully appreciate the success of BoNT treatment, the underlying

pathology and the diverse individual issues are to be taken into account.
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Appendix: Rating scales for drooling

Drooling frequency scale

1 Never drools

2 Occasional drooling Not every day

3 Frequent drooling Every day but not all the day

4 Constant drooling Every day

Drooling severity scale

1 Dry Never drools

2 Mild Only lips wet

3 Moderate Lips and chin wet

4 Severe Clothing soiled

5 Profuse Clothing, hands and tray moist and wet

Drooling rating scale

Pre-injection

Salivation

1 Normal

2 Pooling in mouth

3 Minimal drooling

4 Moderate drooling

5 Constant drooling

Bib or shirt changes in a day as a result of excessive drooling

1 None

2 1 bib or shirt change a day
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Drooling rating scale (Cont.)

3 2�3 bib/shirt changes a day

4 4�5 bib/shirt changes a day

5 6 or more bib/shirt changes a day

Drooling while eating

1 None

2 Minimal, does not interfere with eating

3 Moderate, slight interference with eating

4 Moderate-severe, obviously interferes with eating

5 Severe, prohibits eating

Drooling at night

1 None

2 Minimal, lips slightly moist

3 Moderate, lips and chin wet, pillow slightly moist

4 Moderate to severe, pillow obviously wet

5 Severe, pillow saturated, clothing wet

Choking or severe coughing episodes

1 Never

2 Has happened only once or twice

3 Happens occasionally

4 Happens often

5 Happens every/almost everyday

Noisy breathing or ‘gurgling’ caused by excess saliva

1 Never

2 Occasional (1 episode/week to 1 episode/day)

3 Frequent (42 episodes/day)

4 Constant

Degree of skin irritation (face/neck) from drooling

1 None

2 Slight redness, occasionally

3 Slight redness, always

4 Moderate redness, always

5 Severe redness, occasional breakdown

Halitosis (bad breath)

1 None

2 Slight halitosis

3 Moderate halitosis

4 Moderate-severe halitosis

5 Severe halitosis
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Patient self-confidence secondary to drooling

1 Drooling does not affect confidence

2 Drooling causes a slight embarrassment

3 Drooling causes moderate embarrassment

4 Drooling causes severe embarrassment

Public response to patient and drooling (please reflect)

1 Normal, do not shy away

2 Minimal, slightly reluctant to have physical contact with the patient

3 Moderately reluctant to have physical contact with the patient

4 Moderate-severe, seem extremely reluctant to touch the patient

5 Severe, will not even touch the patient

Ease in caring for patient related to drooling

1 No problem

2 Slight inconvenience

3 Moderate inconvenience

4 Severe inconvenience

How limiting is the patient’s drooling on doing activities outside the home?

1 None

2 Very mild

3 Mild

4 Moderate

5 Severe

Overall, how much of an inconvenience is for the caregiver the excessive saliva and/or drooling

of the patient?

1 Not bothered at all

2 Bothered a little

3 Bothered more than a little, but not a lot

4 Bothered a lot

5 Extremely bothered

Overall, how bothered is the patient as a result of excessive drooling

1 Not bothered at all

2 Bothered a little

3 Bothered more than a little, but not a lot

4 Bothered a lot

5 Extremely bothered

Post-injection

Overall, how has the drooling been since the BOTOX� injection?

1 Markedly worse

2 Moderately worse

3 Slightly worse

4 No change
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Drooling rating scale (Cont.)

5 Slightly improved

6 Moderately improved

7 Markedly improved

If you have seen an improvement, how has it improved for you?

How would you rate your level of satisfaction with treatment for drooling?

1 Markedly dissatisfied

2 Moderately dissatisfied

3 Mildly dissatisfied

4 Mildly satisfied

5 Moderately satisfied

6 Markedly satisfied

Would you undergo botulinum toxin injections again?

1 Yes

2 No
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Botulinum toxin type A for the prophylactic
treatment of primary headache disorders

David W. Dodick
Mayo Clinic College of Medicine, Scottsdale, Arizona, USA

11.1 Introduction

Migraine is a chronic neurovascular disorder that afflicts 8�15 per cent of the

world’s population and is the most common primary headache disorder in clinical

practice. In the United States there are an estimated 28 million migraine sufferers,

with women being affected three times as often as men1. It is characterized by

severe headaches and is often associated with nausea, vomiting, heightened

sensitivity to sound and light, and focal (paresthesias, visual scintillations) and

global (impaired concentration) neurological dysfunction. Migraine is considered

to be one of the top 20 causes of disability due to chronic diseases, and severe

migraine has been judged by the World Health Organization to be as disabling as

quadriplegia, psychosis, and dementia2.

Most sufferers are in their most socially active and productive years (25�55)1.

Not only is migraine painful and disabling for the sufferer, but it exerts a

significant economic burden on society. It causes 112 million bedridden days

each year and costs $14 billion in reduced productivity and missed workdays3.

The economic burden of migraine is comparable with that of diabetes4 and higher

than that of asthma5.

Even among migraineurs who consult a physician, many are not satisfied with

their therapy and report that prescribed medications are not always optimal.

Triptan medications, the most effective acute therapy for migraine attacks,

are only effective in improving the pain and associated migraine symptoms,

such as photophobia and nausea, in up to two thirds of patients6. There is a

significant need to develop more effective therapies for migraine prevention

because 35 per cent of migraineurs suffer from two to three severe attacks per

month, whereas 25 per cent suffer from more than four attacks per month6.

Clinical Uses of Botulinum Toxins, eds. Anthony B. Ward and Michael P. Barnes. Published by
Cambridge University Press. � Cambridge University Press 2007.
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Furthermore, up to 14 per cent of patients with migraine develop chronic daily

headache (transformed migraine 415 headache days per month), and a high

baseline headache frequency (41 attack per week) appears to be one of the most

important risk factors for this progression7. Of the more than 4 per cent of the

United States population that suffers from chronic daily headache, acute headache

medication overuse, and treatment resistance are frequent associated features8.

Patients with frequent, disabling, or refractory migraine should be consid-

ered for prophylactic treatment. Current United States guidelines recommend

preventive therapy in one or more of the following situations:

(1) frequent headaches;

(2) recurring migraines that significantly interfere with daily routine;

(3) failure of, a contraindication to, overuse of, or adverse events (AEs) with acute

migraine therapies;

(4) cost of acute and preventive therapies;

(5) patient preference; and

(6) the presence of uncommon migraine conditions, including hemiplegic

migraine, basilar migraine, migraine with prolonged aura, or migrainous

infraction9.

Although numerous therapies are currently available for the prevention and

treatment of migraine, most of these agents have significant side effects.

Commonly used agents for migraine prophylaxis include b-adrenergic blockers,
calcium channel blockers, tricyclic antidepressants, and anticonvulsants. Moder-

ate to severe adverse events (AEs) are not uncommon with the available prophy-

lactic medications. b-Blockers are known to produce a wide array of AEs,

including drowsiness, fatigue, lethargy, sleep disorders, and depression. AEs

typically associated with the calcium channel blockers include constipation,

peripheral edema, and weight gain10, whereas the tricyclic antidepressants

commonly are associated with a variety of AEs, including sedation, weight gain,

dry mouth, constipation, dizziness, mental confusion, palpitations, blurred vision,

and urinary retention. The AEs associated with antiepileptic drugs are unique to

each medication, but the most common AEs include nausea, vomiting, and

gastrointestinal distress10. Because of the AE profile and limited efficacy of

currently available preventive therapies, there is a need for novel and improved

prophylactic therapies.

The modest efficacy and side effect profile are major reasons why prophylactic

therapy is underutilized in migraine sufferers. Data from the American Prevalence

and Prevention Study, a large population-based study in the United States,

demonstrated that of the more than 40 per cent of migraine patients who should

be considered for prophylactic therapy (according to frequency and disability

criteria) [less than 5 per cent suggests have ever received] a prophylactic drug11.
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The need therefore for more effective and well tolerated prophylactic medications

is a treatment priority in this field over the next decade.

11.2 Botulinum toxin type A for the treatment of headache: mechanism

of action

Botulinum toxin type A (BoNT-A) is a focally administered neurotoxin that

inhibits the release of acetylcholine at the neuromuscular junction12. It is used

therapeutically in disorders characterized by muscle hyperactivity, including

dystonia and movement disorders, spasticity, cerebral palsy, and gastrointestinal,

and urological disorders13. Although not currently indicated, BoNT-A also has

been safely used for hyperkinetic disorders such as tremor, autonomic disorders

such as hyperhidrosis, and cosmetically troublesome hyperfunctional facial lines

(crow’s feet and forehead lines).

The analgesic effect of BoNT-A has long been observed in the treatment of

dystonia and spasticity14. This led to further investigation of BoNT-A for other

painful conditions, including migraine and tension-type headaches. Although the

analgesic mechanism of action is still under investigation, preclinical in vitro and

in vivo evidence demonstrates that BoNT-A inhibits the release of nociceptive

mediators such as glutamate, substance P, and calcitonin gene-related peptide

(CGRP) from nociceptive fibers, suggesting that BoNT-A may have direct

antinociceptive action distinct from its neuromuscular activity14�16. Presumably,

through a peripheral mechanism, BoNT-A has also been shown to inhibit central

sensitization of central trigeminovascular neurons17 which is felt to be integral to

the development, progression, and maintenance of the headache associated with

migraine18. Central sensitization is also considered to be a potential mechanism

underlying the development of chronic daily headache in patients withmigraine18.

These findings led to several clinical trials the results of which have suggested that

BoNT-A may be an effective and safe prophylactic headache medication in the

treatment of migraine19,20. The results of three large-scale, uncontrolled, retro-

spective studies involving 1011 patients with a variety of episodic and chronic

headache disorders provided further evidence for a potential role for BoNT-A

in the prophylaxis of headaches21�23.

11.3 Episodic migraine

Episodic migraine is distinguished from transformed migraine by having a

frequency of headaches less than 15 days per month. The results from placebo-

controlled studies evaluating the efficacy of BoNT-A in patients with episodic

migraine are mixed. The first double-blind, placebo-controlled randomized
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clinical trial was published by Silberstein and colleagues19. In this study,

123 patients who had experienced between two and eight moderate-to-severe

migraine headaches over a 3-month period were randomized to receive a single

injection of either placebo, low dose (25U), or high dose (75U) BoNT-A. This

single dose was injected into multiple sites of pericranial muscles during the

injection visit. Injections were performed anteriorly, in the frontalis, glabellar

region and temporalis muscle. At the end of the 3-month follow-up period post

injection, the low dose BoNT-A group experienced a mean decrease of 1.88

moderate-to-severe migraines compared to the placebo group (P¼ 0.042).

Furthermore, patients in the low-dose group had a significant reduction in the

incidence of migraine-associated vomiting compared to placebo (P¼ 0.012). The

high dose BoNT-A group, however, did not have a significant effect on migraine

pain and associated symptoms. In fact, at the higher dose, there was an increase in

adverse events (AEs). The authors suggest that the lack of BoNT-A activity at this

higher concentration may actually be due to a lower number of migraine

headaches at baseline compared to the low dose BoNT-A group19. In this trial

BoNT-A was well tolerated with no AEs observed in the low dose group compared

to placebo.

Barrientos and Chana also conducted a randomized, placebo-controlled trial

that evaluated the efficacy and tolerability of BoNT-A as prophylaxis for episodic

migraine20. Thirty patients with a history of two to eight migraine attacks per

month were enrolled and randomized to receive placebo or 50U of BoNT-A

injected in 15 pericranial muscle sites. During the 3-month study, when compared

to baseline, patients treated with BoNT-A experienced fewer attacks at day 30 (3.7

vs. 5.8, P< 0.02), day 60 (3.2 vs. 5.8, P< 0.2), and day 90 (2.5 vs. 5.8, P< 0.01).

In contrast, no significant reduction from baseline was observed in the placebo

group. Severity, and duration ofmigraine attacks were also significantly reduced in

the BoNT-A group compared to placebo. At the end of the 3-month study, the

BoNT-A treated group reported a significant decrease in the use of NSAIDs and

triptan medications compared to placebo for acute headache treatment. This

supports the previous clinical data that BoNT-A is effective and well tolerated for

preventive migraine treatment.

A small double-blind, placebo-controlled study of BoNT-A conducted by Brin

and colleagues further support the efficacy of BoNT-A in migraine24. In this trial,

56 subjects having a history of two to six migraines per month were randomized

into four groups receiving:

(1) BoNT-A in frontal/temporal regions;

(2) BoNT-A frontal/placebo temporal;

(3) placebo frontal/BoNT-A temporal; and

(4) placebo in frontal/temporal regions.
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Migraine frequency was reduced by a median of 1.8 headaches/month in

BoNT-A treated groups (Groups 1�3) compared with a median reduction

of 0.2 headaches/month in the placebo group (Group 4). This study however

is limited by its small population size.

In contrast, Evers and colleagues evaluated the efficacy of BoNT-A in 60 patients

who were randomly assigned to receive either placebo in the frontal and neck

muscles; 16U botulinum toxin A in the frontal muscles and placebo in the neck

muscles; or 100U BoNT-A in the frontal and neck muscles25. In both treatment

groups, 30 per cent of patients showed a reduction of migraine frequency in the

third month by at least 50 per cent compared with baseline. In the placebo, group

25 per cent of the patients showed such a reduction (P¼ 0.921). There were no

significant differences between the three study groups with respect to reduction of

migraine frequency, number of days with migraine, and the number of total single

doses to treat a migraine attack. In the post hoc analysis, the reduction of all

accompanying symptoms was significantly higher in the 16U treatment group

compared with the placebo group. In the 100U treatment group, significantly

more adverse events occurred compared with the placebo group. All adverse

events were mild and transient. This study did not show any efficacy of BoNT-A in

the prophylactic treatment of migraine. Only migraine associated symptoms were

significantly reduced in the 16U but not in the 100U treatment group. The

authors recommended that future studies focus on the efficacy of botulinum

toxin A in specific subgroups of patients, on the efficacy of repetitive injections,

and on other injection sites.

11.4 Chronic daily headache

Chronic daily headache (CDH) refers to a group of headache disorders that are

defined in part by the presence of headache on more than 15 days per month for

more than 3 months. Approximately 4 per cent (�12 million) of the population

worldwide experience daily or near-daily headaches26�30. It has been estimated

that approximately 70�80 per cent of patients presenting to headache clinics in

the United States are suffering from CDH, of whom the vast majority suffer from

transformed migraine31. The disability and impact associated with this disorder is

substantial and touches almost every aspect of the patient’s life. These patients

experience significantly diminished health-related quality of life and mental

health, as well as impaired physical, social, and occupational functioning32�34.

In addition, for a significant number of patients with CDH, the clinical course is

often complicated and perpetuated by the overuse of acute headache medica-

tion35. The management of patients with CDH represents one of the major

challenges for practicing clinicians. The use of prophylactic medications for CDH
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is supported mainly by open-label studies. A few controlled studies have been

performed; however, these studies do not account for symptomatic medication

overuse or concomitant prophylactic medication as major confounders, or do not

provide specific diagnoses for patients with CDH36�40.

A number of studies have recently reported on the efficacy of BoNT-A in the

treatment of patients with chronic daily headache. Ondo and colleagues

conducted a randomized, double-blind, placebo-controlled, parallel clinical trial

that examined the effect of BoNT-A treatment on patients with chronic daily

headache including chronic tension headache and transformed migraine41. Sixty

patients who experienced chronic headache more than 15 days each month were

enrolled and randomized to receive, based upon the ‘follow the pain’ rationale,

either 200U of BoNT-A or matching placebo and at 12 weeks and, if the patient

consented, a second open-label BoNT-A injection. Following the first injection,

patients treated with BoNT-A had significantly fewer headache days from weeks

8�12 compared with placebo. In addition, 10 per cent of patients treated with

BoNT-A reported a dramatic improvement and 24 per cent reported a marked

improvement compared with 3 and 7 per cent respectively in the placebo-treated

group. At week 24, patients who had received two BoNT-A injections had

significantly fewer headache days over the second 12-week period than those

receiving one injection (40 vs. 19 days, P< 0.05).

The therapeutic value of BoNT-A in the prophylaxis of headaches in migraine

patients with chronic daily headache has been further investigated in an

exploratory phase 2, randomized, double-blind, placebo-controlled study in

355 patients with CDH42. The injection sites and dosage employed in this study

are outlined in Figure 11.1. The results of this study demonstrated that BoNT-A,

at 105�260U, was safe and well-tolerated. Furthermore, BoNT-A produced

beneficial effects relative to placebo on most efficacy parameters assessed, and

statistically significant differences relative to placebo were observed for some

parameters. Despite the observation of consistent numerical advantages for

BoNT-A over placebo in this study, the prospectively-defined primary efficacy end

point was not met; however, the secondary and other prospectively-defined

efficacy end points were achieved. This suggested that further analysis of the

efficacy data was warranted to determine whether consistent statistically

significant advantages were present in specific patient subgroups.

In this exploratory phase 2 study, approximately one third of patients were

receiving one or more other headache prophylactic therapies. Yet, these patients

still qualified for the study by having 16 or more headache-days per the 30-day

baseline period. The discontinuation of concurrent prophylactic therapy was not

required by the study protocol. The fact that patients taking a prophylactic

treatment in this study still reported 16 or more headache-days may be seen as an

234 D.W. Dodick



indication of a distinct refractory subpopulation. Thus, in order to determine the

impact of BoNT-A alone, the data were analyzed for the subgroup of patients in

this study who were not receiving prophylactic therapy43.

Of the 355 patients randomized in the study, 228 (64%) were not taking

prophylactic medication and were included in this analysis (117 received BoNT-A,

111 received placebo injections)43. The mean frequency of headaches per 30 days

at baseline was 14.1 for the BoNT-A group and 12.9 for the placebo

group (P¼ 0.205). After two injection sessions, the maximum change in the

mean frequency of headaches per 30 days was �7.8 in the BoNT-A group

compared with only �4.5 in the placebo group (P¼ 0.032), a statistically

significant between-group difference of 3.3 headaches. The between-group

difference favoring BoNT-A treatment continued to improve to 4.2 headaches

after a third injection session (P¼ 0.023). In addition, BoNT-A treatment at least

halved the frequency of baseline headaches in over 50 per cent of patients after

three injection sessions. Statistically significant differences between BoNT-A and

placebo were evident for the change from baseline in headache frequency and

headache severity for most time points from day 180 through day 270. Only five

patients (four patients receiving BoNT-A treatment; one patient receiving

placebo) discontinued the study due to adverse events and most treatment-

related events were transient and mild to moderate in severity. The results of this

subgroup analysis appeared to indicate that BoNT-A is an effective and well-

tolerated, stand-alone prophylactic treatment for migraine patients with CDH.

Thus, the efficacy and safety profile of BoNT-A demonstrated in this analysis

suggest that BoNT-A is an effective, well-tolerated prophylactic treatment in

patients with CDH who are not using other prophylactic headache treatments.

Figure 11.1 Anterior injection sites.
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Furthermore, the results also suggest that assessment of the frequency of headaches

is a sensitive measure of efficacy in this patient population and that future studies

to confirm these findings are needed.

11.5 Chronic tension-type headache

Given the relief of pain associated with intramuscular injections of BoNT-A for the

treatment of dystonia and spasticity, BoNT-Amight be expected to effectively treat

tension-type headache. When injected into contracted muscle, current data

suggests that BoNT-A modifies the sensory feedback loop to the central nervous

system by blocking intrafusal fibers, resulting in decreased activation of muscle

spindles45. This effectively alters the sensory afferent system by reducing the traffic

along Ia spindle afferent fibers. Unfortunately, the results from controlled studies

does not support the use of BoNT-A in patients with tension-type headache.

In a recent placebo-controlled study, 40 patients were randomized to receive

BoNT-A (maximum 100U) or placebo (saline) in muscles with increased

tenderness46. After 12 weeks there was no significant difference between the two

treatment groups in decrease of headache intensity on VAS (�3.5mm, 95 per cent

confidence interval (CI)�20 toþ13), mean number of headache days (�7%; 95%

CI �20 to þ4), headache hours per day (�1.4%; 95% CI �3.9 to þ1.1), days on

which symptomatic treatment was taken (�1.9%; 95%CI�11 toþ7) and number

of analgesics taken per day (�0.01%; 95% CI �0.25�0.22). There was no

significant difference in patient’s assessment of improvement after weeks 4, 8,

and 12.

In another prospective, multicenter, randomized, double-blind, placebo-

controlled trial, 112 patients with chronic tension-type headache were injected

with 500 mouse units of botulinum toxin (Dysport�) or placebo into multiple

pericranial muscles using a fixed-dose, fixed-site approach47. Injections weremade

following a fixed scheme and not adjusted to the patient’s symptoms. There were

no significant differences between the two groups when evaluating the area under

the headache curve of 6 weeks before and 12 weeks after the treatment as the main

effect measure. There were also no differences between the two groups on multiple

secondary effect measures such as the number of days with headache, the number

of days with intake of analgesics, the duration of the nocturnal sleep, and the Beck

Depression Inventory score.

11.6 Tolerability

The clinical dose of BoNT-A commonly used for headache therapy is between

25�260U, which is 30�120 times below the toxic limit48. Most of the trials
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published have reported mild and transient AEs. In a placebo-controlled double-

blind trial, Silberstein and colleagues found that while no serious AEs occurred,

some patients receiving BoNT-A injections experienced transient minor AEs

including blepharoptosis, diplopia, and injection site weakness19. The authors also

found that the injection of high doses of BoNT-A (75U) resulted in a dose-

dependent increase in the side effect profile of BoNT-A. Similarly, in the Mathew

study, where dosages ranged from 105�265U, the incidence of adverse events was

higher in the BoNT-A group (BoNT-A, 76.1%; placebo, 63.1%; P¼ 0.033)42. The

incidence of muscular weakness, neck pain, blepharoptosis, and skin tightness was

significantly greater in the BoNT-A treatment population, as compared to

placebo; however, for most adverse events, the incidence did not differ

significantly between treatment groups. Most adverse events were transient and

mild to moderate in severity.

11.7 Injection strategy

The most common sites of injections include the glabellar (procerus and

corrugator), frontal, temporal, and sometimes the occipital regions (Figures

11.1�11.3). BoNT-A is administered either at fixed injection sites; at sites of pain

or tenderness (‘follow the pain’); or a combination of both44. The total dosage of

toxin, the number of units per site of injection, dilution of toxin, and sites of

injection varied widely, however, between studies and among investigators.

The total dosage ranged from 25 to 300U over several injection sites.

The fixed-site approach consists of bilateral injections, even if the patient has

strictly unilateral headaches. The muscles injected are the procerus, corrugators,

frontalis, and temporalis. Follow-the-pain injection sites are identified by

history (‘Where does it hurt when you have a headache?’ and ‘Show me with

your hands where the pain is’) and by examination of the cervical paraspinal,

shoulder girdle, and temporomandibular musculature. These sites include the

temporalis, occipitalis, trapezius, splenius capitus, suboccipital, and cervical

paraspinal muscles.

For patients with migraine or migrainous headache features by history,

treatment with a fixed-site approach may be required for successful results.

When only a follow-the-pain approach is used in patients with migraine or

migrainous headache, two problems arise: first, a poor cosmetic outcome; and

second, the headaches may shift to the previously unaffected side. Even in these

cases, cosmetic effects in the frontal region need to be obtained, but asymmetric

injections can be given in the temporalis, occipitalis, splenius capitus, cervical, and

subcervical paraspinal muscles. The doses injected in the cervical-shoulder girdle
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muscles are low to prevent any possible weakness, which could cause headache.

Patients need to be assessed carefully for associated cervical dystonia, which

requires injection of the dystonic muscles.

Current available data do not seem to indicate a dose�response benefit.

There is a need for further randomized, placebo-controlled clinical trials to

Figure 11.3 Posterior injections using a follow-the-pain strategy.

Figure 11.2 Posterior injections using a follow-the-pain strategy.
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identify the optimal dosing regimen and injection sites for BoNT-A. Some data,

however, including the recently reported controlled studies in patients with

CDH, report greater efficacy with repeated dosing42,43. Until results of large, well-

conducted trials are available, optimal method of BoNT-A delivery remains

unresolved.

11.8 Conclusion

The efficacy and safety profile of BoNT-A suggest that it is an effective,

well-tolerated prophylactic treatment in migraine patients with CDH who are

not using other prophylactic headache treatments. The data also suggest

that assessment of the frequency of headaches is a sensitive measure of efficacy

in this patient population and that future studies to confirm these findings are

needed. The data at this time do not support the efficacy of BoNT-A for the

treatment of episodic migraine or chronic tension-type headache. Further

studies are needed to evaluate subgroups of migraine sufferers with frequent

headache. Optimal dosing and injection regimens are not yet known. Dosages as

low as 25 units are effective, and adverse side effects, which are often mild to

moderate and transient, appear to be dose-dependent. A combination of fixed

anterior injections with a follow-the-pain approach appears to be optimal, but

further controlled studies are necessary to determine the most effective injection

regimens.
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Botulinum toxin in the management
of back and neck pain

Áine Carroll
The National Rehabilitation Hospital, Dun Laoghaire, Co. Dublin, Ireland

12.1 Introduction

Musculoskeletal problems are the most common cause of disability in the UK1.

Most literature regarding spinal pain concentrates on acute or chronic low back

pain rather than neck and thoracic spine pain. Pain from the spinal region, e.g.

neck and the low back, is a major health problem in the industrialized world2�5.

Although spinal pain is common, its aetiology remains obscure. The association

between symptoms, imaging results and anatomical or physiological changes,

is weak. Despite often exhaustive investigations, up to 85 per cent of patients with

low back pain, will find no definite causal diagnosis5. Similar findings apply

to neck and shoulder pain6.

The most common site of spinal pain is the lower back. Neck pain appears

to be almost as frequent, while thoracic pain is less prevalent3,4. Neck symptoms

are often poorly differentiated from pain in the shoulder region and the two are

therefore often combined3. Low back pain and neck pain frequently occur

together.

In developed countries, in excess of 70 per cent of the population can expect

to experience back pain at some time in their lives 2,3. Each year, 15�45 per cent of

adults suffer from back pain, and one in 20 people present to a hospital with a new

episode. Low back pain presents most commonly between the ages of 35 and

55 years3. The vast majority of patients suffer from pain, which is usually moderate

or severe and is generally benign. In most, the episode of back pain is acute and

resolves spontaneously within 6 weeks. However, in approximately 20 per cent,

the pain may persist or relapse over the following year7.

The Clinical Standards Advisory Group (CSAG) was set up in 1991 as an

independent source of expert advice to the UK Health Ministers and to the NHS

on standards of clinical care for, and access to and availability of services to
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NHS patients. In October 1992 CSAG was asked by the Health Ministers to ‘advise

on the standards of clinical care for, and access to and availability of services to,

NHS patients with back pain’. Its recommendations were published in 1994,

together with the government’s response8. The CSAG found that at the time of the

survey, 6 per cent of employed people with back pain lost at least one working

day secondary to the back pain in the previous four weeks9. This is equivalent to

1.9 per cent of all employed people losing at least one day in 4 weeks, and includes

0.3 per cent who were on sick leave for the entire 4 weeks. The estimate of total

working days lost in Britain is 52 million days (with 95% confidence intervals of

35�69 million days).

They also found that half the total days lost due to back pain are due to the

85 per cent of people who are off work for short periods (less than seven days), and

half by the 15 per cent of people who are off work for longer than one month.

The longer a person is off work with back pain, the lower their chance of returning

to work. After six months there is about a 50 per cent chance of returning to work;

this has fallen to about 25 per cent at 1 year and 10 per cent by 2 years.

12.2 Costs

The CSAG estimated that the annual cost of managing back pain to the National

Health Service (NHS) is £481 million a year (range £356�£649 million). Non-

NHS costs (such as private consultations and prescriptions) add an additional

£197 million to the bill. The costs of social security benefits is estimated at app-

roaching £1.4 billion with the price of lost production as a result of sick leave being

estimated at £3.8 billion9. This breaks down to an annual NHS cost to a purchasing

authority of 250 000 people of £2.2 million (range £1.6�£2.9 million). Thus, in

a typical general practice (GP) with five GPs and 10 000 patients, the cost of such

patients is approximately £88 000 per annum (range £65 000�£118 000).

12.3 Clinical management

It is clear therefore that it is in the interest of the individual and society as a whole

that back and neck pain are treated efficiently and effectively to reduce the socio-

economic burden of such conditions. There are guidelines available from the UK

Royal College of General Practitioners and also the UK Department of Health to

assist in the management of patients with back and neck pain, covering history,

examination, radiographic investigations and treatment10. Koes et al. in 2001

compared national clinical guidelines for the management of low back pain in

primary care from 11 different countries. They concluded that the comparison
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of the clinical guidelines showed that diagnostic and therapeutic recommen-

dations were generally similar. They found that updates of the guidelines were

planned in most countries, although so far produced only in the UK. They felt

that new evidence might lead to stronger conclusions and enable future guidelines

to become more concordant12.

12.4 Treatment

The aim of treatment is to relieve pain and return patients to their normal activ-

ities as soon as possible. It is clear from the CSAG that the time scale of manage-

ment is important. There is clear evidence that the longer the duration of back pain

and of time off work, the less successful the outcome of treatment and the lower

the chance of getting back to work. Therefore, the first six weeks are crucial in

reducing the development of chronic pain and disability.

Any treatment strategy depends on establishing a working diagnosis. Back pain

can be divided into those patients with pain associated with serious spinal path-

ology (around 1 per cent), nerve root compression (up to 4 per cent), and those

with mechanical or ‘simple’ low back pain (around 95 per cent).

Laboratory and imaging studies, performed as indicated, provide information

that can be useful in establishing a diagnosis and developing a treatment plan in

a patient with acute back pain. If no significant improvement in symptoms is

noted after 4�6 weeks of treatment, the physician should reassess the patient.

To avoidmisdiagnosis and unnecessary or inappropriate treatments, the physician

may then want to refer the patient to a spine specialist.

There is an abundance of research to guide in themanagement of acute low back

pain and to a lesser extent neck pain. Research, however, is lacking to advise in the

management of chronic spinal pain.

12.5 General guidance

12.5.1 Reassurance

People with acute simple low back pain should be reassured that the condition

is not serious and should resolve quickly13.

12.5.2 Bed rest

This was once a mainstay of management but has been found in recent times to

not be of benefit or indeed to be detrimental.

Bed rest for 2�7 days is worse than placebo or ordinary activity12. It is less

effective than alternative treatments for pain relief, rate of recovery, return to daily
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activities, or days lost from work14. Prolonged bed rest may lead to debilitation,

chronic disability, and increasing difficulty in rehabilitation. There is insufficient

evidence to recommend bed rest in people with chronic low back pain15.

12.5.3 Activity modification

Patients should be advised to remain active. Current evidence suggests that staying

active accelerates recovery from the acute attack and leads to reduced chronic

disability and less time off work16,17. There is currently insufficient evidence on the

effect of this advice in people with chronic low back pain. Additional advice

on improving posture, taking exercise, lifting, bending, sitting, driving, and choice

of mattress may be helpful18. Patient education about low back pain is recom-

mended if the treatment programme is to succeed19.

12.5.4 Medication

Simple analgesia

Simple analgesics such as paracetamol are first line in the management of acute

spinal pain. They provide symptomatic relief during the days or weeks in which

natural recovery is expected. Paracetamol is more effective when used regularly

than as required for reducing low back pain. Long-term use is not well established

in chronic pain11.

Nonsteroidal anti-inflammatory drugs (NSAIDs)

These tend to be the pharmacological mainstay of treatment in acute spinal pain20,

they are appropriate for second-line use in the absence of contraindications and

when simple analgesia alone is inadequate. The efficacy of NSAIDs in chronic low

back pain has been assessed by only a few trials and the methodology was too

different for the data to be pooled. The evidence to support their use is therefore

limited11.

Compound analgesics

Combinations of paracetamol and weak opioids may be effective alternatives when

paracetamol or NSAIDs alone do not provide adequate pain control, although no

quality studies compare their relative efficacy in acute spinal pain. Codeine is the

agent of choice to be taken with paracetamol, as there is more established risk:

benefit data available to support its use over other weak opioids22. Compound

analgesics are often associated with an increased incidence of adverse effects.

Separate prescriptions of paracetamol and codeine are preferred, to facilitate

titration of the most effective and safe analgesic dose to match the individual’s

requirements21.
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Strong opioids

Strong opioids, e.g. morphine, appear to be no more effective in relieving acute

spinal pain than other analgesics such as paracetamol and NSAID. Strong opioids

have many adverse effects, including drowsiness, decreased reaction times, and

potential physical dependence. The use of strong opioid analgesics in the

management of chronic, nonmalignant, low back pain is controversial because

of the risk of addiction. It is therefore not endorsed23.

Muscle relaxants

Muscle relaxants have been shown to effectively reduce acute low back pain and

muscle tension, and improve mobility24. There is limited evidence from the liter-

ature to support use of muscle relaxants in neck pain25. Their efficacy in reducing

acute low back pain is fairly well established26 and they may provide relief in acute

episodes16. Diazepam is the most widely prescribed. Muscle relaxants have signif-

icant adverse effects, including drowsiness and potential physical dependence,

even after relatively short courses. For these reasons they should only be used in

people who have significant spasm. The optimal course length is 3�7 days, and for

a maximum of 2 weeks. Comparisons of effectiveness with NSAIDs have been

inconclusive.

Antidepressants

Antidepressants as analgesics are not licensed for this purpose in the UK although

they are widely prescribed for this purpose. There are currently no randomized

controlled trials of their use in acute spinal pain and therefore insufficient evidence

of their relative efficacy is available11,16. A recent systematic review of the effect of

antidepressants (from different classes) on chronic low back pain filtered out nine

randomized placebo-controlled trials that included 504 people27. The systematic

review found that people treated with antidepressants demonstrated a small but

significant improvement in pain severity (standardized mean difference 0.41; 95%

CI þ0.22 to þ0.61) but there was no statistically significant improvement in the

ability to perform activities of daily living (standardizedmean difference 0.24; 95%

CI�0.21 toþ0.69). The benefit of tricyclic antidepressants (TCAs) in chronic low

back pain remains controversial, but an initial 1-month trial of therapy may be

worth considering26,28,29.

Anticonvulsants

Anticonvulsants such as carbamazepine and gabapentin are sometimes used in the

management of chronic pain but no trial data is available to support their use in

chronic low back pain.
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12.5.5 Physical therapy modalities

Superficial heat (hydrocolloid packs), ultrasound (deep heat), cold packs, and

massage are useful for relieving symptoms in the acute phase after the onset of low

back pain. These modalities provide analgesia and muscle relaxation. However,

their use should be limited to the first 2�4 weeks after the injury. The use of deep

heat may be subject to a number of restrictions30.

No convincing evidence has demonstrated the long-term effectiveness of

lumbar traction31 and transcutaneous electrical stimulation32 in relieving symp-

toms or improving functional outcome in patients with acute low back pain.

Therapy should emphasize the patient’s responsibility for spine care and injury

prevention.

Lumbar corsets and supports

Lumbar corsets and supports are used in the prevention and treatment of non-

specific low back pain. There is limited evidence that lumbar supports are more

effective than no treatment. However, a recent systematic review found the meth-

odological quality of comparative studies to be poor and consequently the effect

of lumbar supports remains unclear33.

Back schools

Back schools, where groups of people with back pain receive education and skills

(e.g. exercises), supervised by a specialist. There is conflicting evidence on the

effects of back schools in people with acute or chronic low back pain. However,

in occupational settings back schools have been found to be more effective than

no treatment in people with chronic low back pain34.

Behavioural therapy

There is limited evidence that cognitive, operant, and respondent behavioural

therapy improved pain relief compared with certain other interventions in acute

low back pain35. In people with chronic low back pain, evidence has found that

behavioural therapy has a moderate effect on pain and a mild effect on disability

compared with no treatment35. There is conflicting evidence on the effectiveness

of behavioural therapy compared to other treatments.

Multidisciplinary programmes

These intensive physical and psychosocial programmes involve a variety of dif-

ferent health professionals and aim to improve function and help people to cope

with their symptoms. Limited evidence has found that multidisciplinary reha-

bilitation led to a faster return to work36. In people with severe chronic low

back pain, multidisciplinary intervention improved pain relief, functional status,
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and return to work moderately more than traditional inpatient rehabilitation

or usual care, up to 1 year.

Evidence for the benefit of other osteopathic or chiropractic treatments is

inconclusive. Only registered members of a recognized professional association

should carry out these treatments.

12.5.6 Epidural, facet joint, and local injections with anaesthetics and/or steroids

These interventions have been evaluated in chronic low back pain. Because of

a lack of well-designed trials, there is insufficient evidence to demonstrate whether

they are effective. The evidence to support the use of facet joint injections appears

to be particularly limited37,38,39.

12.5.7 Percutaneous radiofrequency neurotomy

Chronic pain following whiplash injury has been treated with percutaneous

radiofrequency neurotomy to denature the nerves innervating the painful joint.

One small open trial found complete relief from pain in 71 per cent of patients40

but the procedure has been unsuccessful in treating low back pain.

12.5.8 Indications for surgical evaluation

Research comparing the outcomes of conservative and surgical management of

back pain have revealed no clear advantage for surgery41. Patients with acute low

back pain that have ‘red flags’ on history and examination should undergo

immediate surgical evaluation. Patients with suspected cauda equina lesions

require immediate surgical investigation. Surgical evaluation is also indicated in

patients with deteriorating neurological deficits or intractable pain that is resistant

to conservative treatment.

12.5.9 Surgical interventions

Intervertebral disc herniation causing nerve root impingement is one of the more

common indications for surgical intervention, although most patients respond

to conservative therapy without surgery42. Therefore, a trial of conservative

noninvasive treatment, followed by surgical intervention in nonresponders, is

recommended. Many patients continue to experience some degree of pain

postoperatively. Patients with spinal stenosis may require decompressive lami-

nectomy to decrease direct pressure on neural elements. Finally, spinal fusion is

performed on some patients with medically refractory mechanical low back pain,

without obvious structural cause, to immobilize segments of the spinal column

and to alleviate pain presumably caused by movements of these segments43.
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However, this procedure cannot be considered the definitive treatment for

mechanical low back pain; in some patients, back pain becomes even more severe

after surgery44.

12.5.10 Other Recognized Modalities

Other therapies for chronic low back pain include facet joint anaesthetic and

steroid injections, radiofrequency, and thermocoagulation of the intervertebral

disc45,46. More rigorous study is needed to identify the subsets of patients who

might benefit from such procedures, as well as the efficacy of the various

modalities.

Botulinum toxin

Recently, botulinum toxin has emerged as a treatment option in the management

of various musculoskeletal disorders and should be considered as a treatment

option in those patients who have not responded to a more conventional

approach46�64.

Botulinum toxin is a neurotoxin produced by the anaerobic bacillusClostridium

botulinum. The bacteria produces seven serologically distinct toxins that are

potent neuroparalytic agents. Although the seven neurotoxins are antigenically

distinct, they possess similar molecular weights and have a common subunit

structure consisting of a heavy chain and a light chain joined by a disulphide

bond65. All serotypes interfere with neural transmission by blocking the release of

acetylcholine (ACH), which is the principal neurotransmitter at the neuromus-

cular junction. After synaptic transmission is blocked by botulinum toxin, the

muscles become clinically weak and atrophic.

Botulinum toxin appears to have a beneficial effect in various pain conditions,

and this effect seems to be separate from the effects caused by neuromuscular

transmission blockade. There are several hypotheses as to how botulinum toxin

might exert its analgesic effect, including direct effects on muscle nociceptors,

influence on sensitizing mediators, alteration of afferents derived from muscle

spindles, physiological changes in reflex and synergistic movements, direct and

secondary autonomic effects, and induced neuroplasticity in the central nervous

system (CNS)66. Whether these mechanisms work in isolation or in combination

is a matter for conjecture and may be related to the specific condition generating

the pain, in addition to the behaviour and possibly the genetics of the patient.

Botulinum toxin in low back pain

To date, there is only one published randomized, placebo-controlled study of

botulinum toxin type A for treatment of back pain46,47. Other data have been

presented showing variable results for the use of type A for treatment of back pain,

some failing to show statistical significance of efficacy48,49. However, it is difficult
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to extrapolate results across studies due to small sample sizes, differing method-

ologies, and varying back pain pathologies. As yet, there have been no randomized,

placebo-controlled studies investigating the use of botulinum toxin type B in back

pain. Current research suggests a positive role for botulinum toxin in the man-

agement of back pain but larger, more rigorously designed studies using similar

methodologies and outcome measures are required to better clarify its efficacy.

Foster et al. in 2001 conducted a randomized, double-blind study investigating

the effect of administration of type A into the paravertebral muscles of patients

with chronic low back pain46. Thirty-one adults with low back pain of more than

6 months’ duration and no acute lesions on magnetic resonance imaging (MRI)

were enrolled in the study. They were randomized to receive type A (n¼ 15) or

normal saline (n¼ 16). A physiatrist performed physical examinations and rated

pain levels, and a neurologist performed all injections, which were administered

at the site of the predominant pain at five paravertebral levels. Injections of 40U of

type A (0.4ml of 100Uml�1) or 0.4ml of saline was given at each level. Each

patient was assessed before treatment and again at 3 and 8 weeks after treatment.

Of those who had received type A, 73 per cent reported significant pain

relief at 3 weeks (P¼ 0.012) and 60 per cent reported sustained relief at 2 months

(P¼ 0.009). Using the Oswestry Low Back Pain Questionnaire (OLBPQ),

66 per cent of type A recipients displayed a significant response at 8 weeks

(P¼ 0.011). In a follow-up interview at 6 months, responders indicated

dissipation of the analgesic effect 3�4 months after treatment. There were no

reported side effects. This double-blind study clearly demonstrated the efficacy of

botulinum toxin type A in patients with unilateral low back pain although the

sample size was small.

The use of botulinum toxin type B for the management of pain syndromes is

now emerging in pain management circles. As with type A, initial data for type B

suggest a possible role in treating back pain. In a recent prospective open label

study, type B was evaluated for safety and efficacy as a treatment for chronic low

back pain48. In Opida’s study, participants (n¼ 35) had chronic back spasms and

back pain without radiating leg pain. They also had a reduced lumbar range of

motion. Symptom severity was assessed using a numeric rating scale (NRS) before

treatment and again at 4 and 12 weeks. The mean pretreatment NRS score was 9.4.

Patients received 10 000U of botulinum toxin type B divided equally among

lumbarmuscles (L2�L3, L3� L4, L4�L5, and L5�S1). After treatment, 23 patients

(66%) reported a reduction in lumbar pain and improved lumbar range of

motion. At 4 weeks and 12 weeks after injection, the mean NRS scores were

significantly improved with scores of 3.6 (P< 0.001) and 4.8 (P< 0.001)

respectively. The study limitations included its open-label design and the large

number of patients lost to follow-up, which make any conclusions questionable.
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Botulinum toxin in the management of myofascial pain syndrome (MPS)

There have been several reports of the beneficial effect of botulinum toxin in the

management of refractory MPS50�52. More recently there have been more robust

studies reported.

Lalli et al. studied 20 patients with MPS in a double-blind randomized trial of

50U of botulinum toxin type A (BOTOX�; Allergan Pharmaceuticals, Irvine, CA)

or 1% lidocaine53. Those that received toxin showed a statistically significant

improvement in pain score andmuscle spasm at weeks 2 and 4. Adding steroid did

not appear to provide additional efficacy. Porta evaluated lidocaine/methylpred-

nisolone versus type A (BOTOX�) in 40 patients with MPS in the psoas,

piriformis, and scalenus anterior muscles in a single-blind randomized trial54.

Patients received 80�150U of type A or a similar volume of a steroid combined

with a local anaesthetic. The reduction in pain scores was better in the toxin group

at 30 days (P¼ 0.0598) but did not reach significance until 60 days (P¼ 0.0001).

These studies support earlier findings of efficacy in treating refractory cases of

MPS with type A23�26. Similar efficacy has been shown in studies of type B used to

treat MPS55�57.

De Andrés et al. performed an open-label interventional prospective trial in

77 patients with refractory MPS58. The outcome measures used were visual

analogue scale (VAS) applied before enrollment, 15, 30, and 90 days and upon

completion of the study; the Lattinen test to establish relationship between pain

intensity and its corresponding impact on daily living; the hospital anxiety and

depression scale (HAD) to assess psychologic stress, performed both before

treatment and at the end of the study; and the Oswestry Questionnaire was used to

evaluate patients’ ability to carry out daily life activities according to their degree of

physical impairment and disability scores. The global analysis revealed a positive

correlation between the VAS score prior to treatment and the scoring at 15, 30,

and 90 days. This correlation was maintained when analysing independently for

superficial or deep muscles. The correlation coefficients for HAD scores and the

Lattinen test values showed a significant association between pre- and post-

treatment findings.

Some of the studies involving the use of botulinum toxin have been

methodologically flawed. There have been studies that have included a mixed

population of both MPS and fibromyalgia patients59. Questionable injection

technique and suboptimal dosing may have affected response rates in some

studies49,60.

Botulinum toxin in the management of whiplash associated disorder

Intervention with botulinum toxin has been utilized in the management of

chronic-whiplash patients in a pilot study in Canada, with encouraging results61.
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The pilot study was a randomized, double-blind, placebo-controlled study

comparing outcome measures in 26 patients with chronic whiplash-associated

disorder. Fourteen subjects received botulinum toxin and 12 received saline.

The patients that received the toxin had a significant (P< 0.01) improvement in

range of movement and subjective pain compared with the placebo group, but

there was a trend to improvement only in subjective functioning.

Opida also demonstrated that type B may be of benefit in such patients in

a prospective trial of 31 patients with whiplash-type neck pain and headaches62.

In this study, 71 per cent of patients had significant reductions in pain and

headache frequency and severity.

Taqi et al. also demonstrated significant positive results using type A in a pro-

spective randomized trial in a more generic group of patients with cervicothoracic

MPS63. He also found similar results in a retrospective study of type B in

40 patients. The results indicated that patients with cervicothoracic MPS appeared

to respond better than those with lower back or gluteal pain64.

12.6 Treatment protocol

12.6.1 Identification and injection of trigger points

There is currently no consensus on optimal injection technique and it would

appear, on reviewing the current evidence, that the results of treatment seem

positive regardless of the technique employed. It would appear that as long as the

botulinum toxin is delivered to the targeted muscle, technique is of secondary

importance. Targeting and technique will obviously be of more significance in

smaller and less accessible muscles, e.g. the anterior muscles of the neck, when

ultrasound guidance or EMG techniques will have to be employed.

The techniques involved usually involve the identification and injection of

trigger points or the point of maximal pain on a muscle (Table 12.1).

Table 12.1. Equipment needed for trigger-point injection

Rubber gloves

Gauze

Alcohol wipes for skin cleansing

2.5/5ml syringe

Botulinum toxin

Various gauge needles

Adhesive dressing
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Most patients with back or neck pain exhibit tender areas in the larger muscles,

often in conjunction with tight bands or knots. These tender areas do not always

meet the definition of classic trigger points but it would seem reasonable to target

treatment to the most tender areas or to trigger points if present.

Trigger points are discrete, focal, hyperirritable-table points located in a taut

band of skeletal muscle. These points are painful on compression and can pro-

duce referred pain, referred tenderness, motor dysfunction, and autonomic

phenomena67.

The palpation of a hypersensitive bundle or nodule of muscle fibre of harder

than normal consistency is the physical findingmost often associated with a trigger

point.

There are two techniques that can be used to palpate the trigger point

(Figure 12.1):

1. Flat palpation

2. Pincer palpation

Flat palpation involves simply moving the fingertip(s) transversely across the

muscles fibres, exerting a slight degree of pressure until a ‘taut band’ is located.

Having found this tight section of the muscle, explore along its length to locate the

spot of maximum tenderness with minimum pressure: that is the trigger point.

Pincer palpation involves grasping the belly of the muscle between the thumb

and finger and squeezing the fibres between them with a back and forth rolling

Figure 12.1 Flat palpation and pincer grip.
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motion to locate taut bands. When a taut band is identified, it is then explored

along its length to locate the point of maximal tenderness in response to minimal

pressure; that is the trigger point.

12.7 Preinjection assessment

Botulinum toxin should be used only under close supervision in patients with

disturbed neuromuscular transmission � for example, in myasthenia gravis or

Lambert�Eatonmyasthenic syndrome or during treatment with aminoglycosides.

A history of coagulopathy should be checked and an enquiry made about anti-

platelet or anticoagulant therapy. Botulinum toxin is contraindicated in preg-

nancy and while breast-feeding.

The patient should have given written informed consent prior to the procedure.

The patient should be placed in a comfortable position to promote muscle

relaxation. This is usually achieved by positioning the patient in the prone or

supine position. This positioning may also help the patient to avoid injury where

there is a vasovagal syncopal reaction.

12.8 Needle selection

The choice of needle size depends on the location of the muscle being injected. The

needle must be sufficiently long to reach themost tender point or contraction knot

in the trigger point to disrupt it. A 22-gauge, 1.5-inch needle is usually sufficient to

reachmost superficial muscles. For thick subcutaneous muscles such as the gluteus

maximus or paraspinal muscles in persons who are not obese, a 21-gauge, 2.0-inch

needle is usually necessary.

12.9 Injection solution

The amount of toxin used depends on the size of the muscle being injected and the

number of trigger points. Table 12.2 shows suggested dosage regimens for par-

ticular muscles based on current evidence.

12.10 Injection technique

Once the most tender area or trigger point has been identified and the overlying

skin has been cleansed with alcohol, the clinician should immobilize the area either

using a pinch between the thumb and index finger or between the index and

middle finger (Figure 12.2).
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Using an aseptic technique, the needle should be inserted 1�2 cm distant from

the trigger point so that the needle can be advanced into the tender point/trigger

point at an acute angle of 30 degrees to the skin. The stabilizing fingers should

apply pressure on either side of the injection site, ensuring adequate tension of the

muscle fibres to allow accurate penetration of the trigger point. As with all injec-

tion techniques, the plunger should be withdrawn before injection to ensure that

the needle is not within a blood vessel. The injectant should then be introduced

once the needle is in position.

Figure 12.2 Injection technique.

Table 12.2. Suggested doses of botulinum toxin

Muscle

Suggested doses of botulinum toxin (units)

Allergan Dysport Myobloc

Trapezius 50�100 200�400 1000�5000

Sternocleidomastoid 20�50 80�200 1000�3000

Rhomboids 50�100 200�400 1000�5000

Supraspinatus 20�50 80�200 1000�3000

Scalaneus anterior or medius 20�50 80�200 1000�3000

Iliopsoas 20�50 80�200 1000�3000

Quadratus lumborum 20�50 80�200 1000�3000
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12.11 Post-injection management

After injection, pressure should be applied to the injected area for a couple of

minutes to promote haemostasis. A simple adhesive bandage may be applied

if required, ensuring to check that the patient is not sensitive to such dressings.

12.12 Possible complications

The complications associated with treatment with botulinum toxin are rare �
1.1 per cent in 4350 procedures. Transient swelling around the site of injection

has been reported. Clinical weakness in the treated muscle and in adjacent mus-

culature is thought to be dose related. Some people treated with botulinum toxin

have reported a flu-like syndrome and a feeling of general fatigue68.

There is as yet little evidence about how frequently these injections should be

repeated and for how long. The follow-up in the published studies is relatively

short. Experience in the management of dystonia and spasticity would suggest that

treatment can be repeated every 3�4 months long-term without any adverse

effects.

The use of botulinum toxin in spinal pain is usually well localized and the doses

will therefore be insufficient to cause excessive weakness of paravertebral muscles.

However, patients should be warned of this as a potential side effect.

12.13 Conclusion

Botulinum toxin is emerging as a useful adjunct therapy in the arsenal of weaponry

against spinal pain. As long as patients have had serious spinal pathology excluded,

botulinum toxin can be used to successfully treat pain in conjunction with simple

analgesics and exercise programmes.
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13

Clinical uses of botulinum toxin

John Elston
Oxford Eye Infirmary, Radcliffe Infirmary, Oxford, UK

13.1 Ophthalmological uses

13.1.1 Introduction

Botulinum toxin targets the cholinergic neuromuscular complex with exquisite

precision producing dose dependent muscle weakness. The concept of using

this property therapeutically was an ingenious and bold one, and it came from

a thoughtful and innovative ophthalmologist over 30 years ago. Working at

the time on extraocular muscle electromyography (EMG) Alan Scott of the

Smith Kettlewell Eye Research Foundation was exploring the treatment potential

of the ability to locate a needle tip at or near the motor point of extraocular

muscles. Using an EMG guided injection technique could enable focal delivery

of a drug � for example local anaesthetic � to modify muscle function. The ideal

drug would need to remain localized at the injection point and have an effect on

muscle function only, without inducing inflammation or scarring, either

temporarily enhancing or more probably reducing function, over a predictable

time frame. Full recovery of extraocular muscle function would be necessary to

restore normal eye movement. During the period of induced muscle underactivity

it was hypothesized that the balance between two opposing extraocular muscles

(agonist : antagonist balance) would be altered in such a way that a permanent

change in the relative position of the two eyes would be achieved after the effect

of the drug had worn off. This created the possibility of treating misalignment

of the eyes (strabismus or squint) by non-surgical means.

Scott investigated candidate drugs using EMG guided injections into the

medial rectus of binocular primates under ketamine anaesthesia using, as well

as botulinum toxin A, alpha-bungarotoxin (snake venom), DFP (di-isopropyl-

fluoro-phosphate) and absolute alcohol.

Clinical Uses of Botulinum Toxins, eds. Anthony B. Ward and Michael P. Barnes. Published by
Cambridge University Press. � Cambridge University Press 2007.
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Scott’s first publication on the subject was in 19731. He successfully demon-

strated that with proper dose control ocular malalignment (the creation of

strabismus) could be achieved with a botulinum toxin injection into the medial

rectus. A period of muscle paresis was followed by recovery of eye movement

but a persistent divergent strabismus. The other substances used had consider-

able drawbacks; absolute alcohol was unpredictable in effect and caused intense

local inflammation. Alpha-bungarotoxin’s action was diffuse in the orbit and

short-lived: DFP caused systemic toxicity. Work then began on using the method

to treat strabismus in human subjects.

It is notable that Scott also speculated that the technique could be adapted

to the treatment of unwanted muscle spasms (for example in blepharospasm)

thereby anticipating the extraordinary expansion in the clinical use of botulinum

toxin that has taken place since.

The two principle ophthalmological indications for botulinum toxin treatment

remain the management of some categories of strabismus, and the treatment of

blepharospasm and hemifacial spasm. Botulinum toxin has been used in clinical

ophthalmology for longer than in any other discipline, giving the opportunity

to fully explore and fine tune potential indications. As well as benefiting

patients, the development of the treatment potential of botulinum in ophthal-

mology has given the opportunity to study and understand disorders, such as

blepharospasm and extraocular muscle contracture, more fully. This review

will detail the ophthalmological indications and highlight areas of clinical

development that have been facilitated.

13.2 Strabismus

The injection technique utilizes 37mm	 27 gauge EMG needles (insulated

except at the tip) plus standard ground and reference electrodes. The signal from

the muscle to be treated may be recorded with standard EMG equipment, or

using a portable auditory signal generator. The lateral, medial and inferior

rectus muscles are suitable for treatment. In adults, treatment is under topical

anaesthesia, the retrobulbar portion of the muscle to be treated being approached

transconjunctivally and activated (to give an EMG signal) by the subject by

looking into the field of action of that muscle. In children ketamine anaesthesia

(which retains spontaneous eye movements) plus local anaesthetic should be

used (Table 13.1).

The extent of the muscle paresis after injection is dose dependent. The onset

of paresis is within 24�48 hours, maximal at approximately one week, with a slow

recovery over 8�12 weeks. The rationale for the treatment is that the resulting

alteration in agonist : antagonist muscle dynamics will achieve some degree
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of permanent realignment of the visual axes once the full range of movement

of the treated muscle returns.

The original hypothesis was that a period of 6�8 weeks botulinum-induced

palsy of an extraocular muscle (with associated structural denervation changes

in the muscle) would result in long term effective muscle ‘lengthening’ and

contracture or shortening in the ipsilateral antagonist muscle. For example,

in an individual with a convergent squint (esotropia), paralysing the medial

rectus would lengthen that muscle and cause simultaneous contracture in

the lateral rectus of the same eye. When medial rectus function recovered the

balance of forces between these two muscles would have been altered so that

the alignment of the treated eye would have been permanently changed in respect

of the untreated eye.

Unfortunately (with the exception of infants, see below) in the absence of

binocular function (i.e. motor and sensory stereopsis) to maintain a normal

alignment of the eyes after a single treatment, the strabismus tends to recur

to nearly the same angle as pre-treatment2. Lasting effects on alignment of the

eyes are greatest in esotropia and consecutive exotropia and average 12 prism

dioptres or 6 degrees. There is a tendency for a larger change in angle with

the treatment of a larger squint. The relatively small change in permanent

strabismus angle determines the most suitable cases for treatment as indicated

below.

There are a number of preconditions; an adult must be able to understand

the proposed treatment and cooperate� a sudden head movement could lead to a

penetrating eye injury. High myopia is a contraindication because of the unpre-

dictable thinning and expansion of the posterior segment of the eye (posterior

staphyloma) increasing the risk of penetration. Multiple previous strabismus

operations is a relative contraindication because of the excessive scar tissue

complicating the technique. On the other hand, previous seriously traumatized

eyes with low intraocular pressure (pre-phthisical) are unsuitable for eye muscle

surgery, but good candidates for botulinum toxin treatment.

The commonest side effect is spread of the toxin to other (untreated) extra-

ocular muscles. The lateral rectus and medial rectus are the usual muscles treated,

and spread to the inferior rectus (possibly partly determined by gravity) may

occur. It almost invariably resolves completely over 4�6 weeks. Partial upper

lid ptosis may occur but is also self-limiting2. Side effects are commoner in

children than in adults, even when using smaller total doses.

Trivial haemorrhage from trauma to the conjunctival vasculature is occasion-

ally encountered; patients on anticoagulants, including aspirin, are at particular

risk from this side effect so these drugs are a relative contraindication to the

treatment. Anterior ciliary artery puncture can lead to extensive subconjunctival
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haemorrhage and a few cases of potentially vision damaging orbital haemorrhage

have been described, at least one requiring surgical decompression.

13.3 Informed consent

It is important to obtain signed informed consent before treating strabismus

with botulinum toxin injections. This imposes on the practitioner the duty to

explain the concept of this intervention, the perceived benefits and any advan-

tages it may have in the individual as against standard surgical treatment.

Patients need to understand that the purpose of the treatment is to paralyse

an eye muscle for a period of time, and that this in itself may produce other

symptoms such as double vision as well as a temporary undesirable effect on

appearance.

Single use disposable EMG injection electrodes should be used.

13.4 Indications

13.4.1 Childhood

Infantile esotropia

Infantile esotropia denotes a moderate to large angle convergent squint, evident

either at birth or within the first few months of life. Each eye is healthy and

moves normally. Amblyopia is unusual as the infant ‘cross fixates’, i.e. uses the

left eye to look to the right and vice versa. The cause is not known and in

most infants neurological development is otherwise completely normal.

Theoretically if the eyes are realigned to normal early enough in the process of

visual maturation there may be potential for binocular visual development, but in

practice this is almost never achieved. Either standard surgical correction or

realignment of the eyes with botulinum toxin carries the potential to create

amblyopia, as cross fixation is no longer observed.

There is good evidence that this condition responds at least as well in terms

of sensory and motor outcomes to simultaneous treatment of both medial rectus

muscles with botulinum toxin in the first year of life as it does to standard surgery3.

A period of over correction (exotropia) is anticipated after toxin treatment,

resolving to leave a small stable residual esotropia. Repeat treatment may be

required. This treatment is best given under ketamine and local anaesthetic

but has been described under general anaesthetic with the conjunctiva opened

to directly inject the muscles.

Unlike the situation in non-binocular adults when strabismus is almost

invariably recurrent following botulinum toxin injections, in infants a long term
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realignment of the visual axes by one simultaneous treatment of both medial

rectus muscles may be achieved (Figure 13.1). The age at treatment appears to be

critical and in one series a significantly better outcome in terms of alignment was

achieved with treatment before or around the age of 6 months rather than from

7 months onwards4. As extraocular muscle function recovers a small (approxi-

mately 10 prism dioptres) residual esotropia remains with evidence of stability

for 5 years and more. Sensory and motor binocular stereoscopic outcomes are as

good with this treatment as with incisional surgery.

Children, who have been under-corrected by surgical treatment of infantile

esotropia, have a good outcome from botulinum toxin treatment of the residual

esotropia without the need for further surgery5.

Figure 13.1 Injection of the medial rectus muscles in a 6-month-old using ketamine plus topical

anaesthesia (pre-treatment with inhalational anaesthesia to intubate). Inset, the EMG signal

from the muscle.
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Amajor advantage of botulinum toxin versus surgery is the absence of scarring.

Any eye muscle surgery needed later in life should be more predictable. Botulinum

toxin treatment can be carried out at an age (4�6 months) when surgical treat-

ment is technically challenging because of the small size of the orbit relative

to the eye. Theoretically, the earlier the age of ocular alignment the better the

chance of binocular function developing.

Many infantile esotropes will in later childhood develop anomalies of vertical

alignment of the eyes, including oblique muscle dysfunction and the phenomenon

of dissociated vertical deviation. If some degree of motor and sensory stereopsis

can be established by early botulinum toxin treatment, the incidence and extent

of these vertical alignment anomalies may be reduced.

Because of the size of the orbit in infants, the side effects of spread of paralytic

effect to the levator and vertically acting muscles are more common. This is

one reason why small doses of toxin to both medial rectus muscles are used �
asymmetric partial ptosis is less likely to lead to amblyopia than a more profound

unilateral ptosis.

Parents of children with infantile esotropia are entitled to be offered this

effective non-surgical treatment of their child. Failure of toxin treatment does

not prejudice future standard strabismus surgery. A detailed explanation of the

relative efficacy of injection versus surgical treatment will be required, together

with the risks and benefits of the two treatment alternatives.

Other Childhood strabismus

Specific syndromes

1. Paediatric VIth nerve palsy (occurring during visual maturation) of any

aetiology may cause amblyopia and loss of developing binocular functions.

Botulinum treatment of the ipsilateral medial rectus should be considered to

prevent this. Low dose treatment is required as the side effects of either ptosis

or vertical deviation will nullify the potential benefit of aligning the eyes in

the straight ahead position. This treatment may therefore have to be repeated

for the required beneficial effect to be achieved. It is obviously of most benefit

when spontaneous resolution of the VIth nerve palsy is anticipated (e.g. benign

post viral VIth)6.

2. Acute onset (normosensorial) esotropia tends to occur towards the end of the

first decade after visual maturity has been achieved. The esotropia may be

initially intermittent, most often seen in the morning on waking but tending

to become constant. It responds well to botulinum toxin treatment of one

medial rectus muscle, which should restore good alignment and binocularity

in the majority of cases7.
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Botulinum can also be used to treat small angle primary eso and exotropias,

surgical over and under corrections, and for the investigation of binocularity

(see below).

13.4.2 Adult

Large angle primary or consecutive eso or exotropias (Figure 13.2) without

binocularity may respond well in the short term to botulinum treatment, but the

strabismus is almost invariably recurrent to the same or similar angle within about

4 months. Maintenance of a good alignment of the eyes in these circumstances can

only be achieved by repeated injections. Botulinum toxin treatment of adult

strabismus is therefore most useful in situations where:

• Each eye has good vision (no amblyopia or major damage from other ocular

pathology, e.g. retinal detachment).

• Normal binocular vision has developed in terms of both sensory stereopsis

(ability to see three-dimensional presentations) and motor fusion, that is

central ocular motor control mechanisms which maintain the alignment of

the eyes against prismatic or other deviation.

The following conditions should be considered suitable for treatment.

1. Small angle, primary or consecutive eso or exotropia without binocularity,

or following surgical over- or under-correction of large angle deviations.

Botulinum toxin treatment in the absence of binocularity leads to only a

small shift of the angle of the strabismus towards zero. If the pre-treatment

angle is sufficiently small this shift will have a beneficial effect.

2. Small or moderate angle horizontal strabismus secondary to retinal detachment

or other ocular surgery, such as glaucoma drainage surgery with explant

Table 13.1. Indications for treatment in strabismus

(a) Childhood

Infantile esotropia

VIth nerve palsy

Normosensorial esotropia

Surgical under and over corrections

(b) Adults

Small angle eso/exotropia with binocular potential

Investigation of binocularity

Thyroid ophthalmopathy

VIth nerve palsy
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(e.g. Molteno tube). These patients should have good pre-existing motor and

sensory stereopsis. Note that the treatment potential may be limited if there

is excessive fibrosis around the eye involving the extraocular muscles and limiting

movement. Also that (particularly in post-retinal detachment patients) additional

barriers to the re-establishment of binocularity other than misalignment of the

visual axes may be present, such as differences in image size and quality, macular

ectopia and ocular torsion8.

3. Pre-operative investigation of potential binocularity or risk of post-operative

diplopia. In some patients orthoptic testing with prisms suggest that realigning the

visual axes surgically will lead to intractable double vision. Patients may be

unwilling to trade the improved alignment for a potentially disruptive symptom.

Correcting the strabismus with botulinum toxin does not mimic the effect of an

operation since an element of extraocular muscle palsy is introduced, so that for at

least some of the period following the treatment the deviation of the visual axes is

incomitant, i.e. it varies according to the direction in which the patient looks.

Nevertheless, this intervention will provide useful information for the patient as to

the likely effect of corrective surgery. In some cases it is possible to demonstrate

unexpected restoration of binocular function when the eyes are aligned, thus

indicating a better prognosis for definitive surgical treatment.

4. Small angle vertical strabismus when the treatment is given to the inferior

rectus of the hypotropic (lower) eye. Examples:

• Following inadvertent anaesthetic injection to a vertical rectus muscle

during retrobulbar/peribulbar anaesthesia for ocular surgery, usually cataract.

Figure 13.2 Injection of the lateral rectus under topical anaesthesia; an adult with exotropia.
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Local anaesthetics are myotoxic and cause an initial paresis of the injected

muscle, most often the inferior rectus. This produces a hypertropia of the

affected eye. Healing is associated with fibrosis and a secondary small-angle

hypotropia. A trial of treatment with botulinum toxin to the inferior rectus of

the hypotropic eye is indicated before considering definitive surgery. This

condition is now rare due to the widespread adoption of sub tenons and topical

anaesthesia for cataract surgery.

• Thyroid ophthalmopathy. It is important to recognize that in most cases of

thyroid eye disease all the extraocular muscles are involved, but some are

characteristically more involved than others. The medial and inferior rectus

muscles are generally the most enlarged on orbital imaging, with limitation of

outward and upward movement of the eye. The condition may be symmetric or

asymmetric.

In the active inflammatory phase of the disorder extraocular muscle surgery

is contraindicated, and systemic immunosuppression may not be considered

appropriate for the individual. High doses of systemic steroids are justifiable for

the short term control of sight threatening complications, but not for the long

term management of the condition when other modalities, such as orbital

decompression should be considered.

Active thyroid eye disease may cause double vision with both horizontal and

vertical elements. Mechanical tethering of the globes results in an increase in

neuronal drive to the elevators, which in turn leads to overaction of the levator

muscles and upper lid retraction and also to raised intraocular pressure9.

Botulinum toxin treatment of extraocular muscles can be beneficial in these

circumstances by:

• Reducing or abolishing a horizontal deviation (usually esotropia) allowing

restoration of binocularity with or without smaller prism assistance.

• When injected to the inferior rectus muscles, reducing or helping in the prism

control of a vertical deviation as well as allowing the eyes to move upwards,

reducing upper lid retraction. Intraocular pressure control may also be

improved.

There are other potential uses for botulinum toxin in thyroid eye disease � see

eyelid position below.

• Muscle adherence syndrome following inferior oblique recession. A rare

complication of inferior oblique recession is reduced elevation of the operated

eye presumed to be due to either post-surgical fibrosis, or possibly damage to

the nerve to the inferior oblique. Surgical treatment is not always successful.
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Injecting the inferior rectus/inferior oblique complex with botulinum toxin may

improve elevation of the affected eye10.

• Restrictive strabismus following orbital myositis (horizontal or vertical devia-

tion). In most cases successful treatment of orbital myositis with steroidal or

non-steroidal anti-inflammatory drugs leads to a complete resolution of the

ocular deviation. In some cases a residual tethering of the eye by the previously

inflamed muscle is evident and binocularity can be restored by injecting this

muscle.

5. Paralytic strabismus11:

• VIth nerve palsy. Botulinum toxin treatment to the ipsilateral medial rectus may

be indicated:

(a) Acutely to retain binocularity in the primary position for patient comfort

and rehabilitation whilst anticipating spontaneous resolution of the palsy.

In many cases, for example after microvascular occlusion causing lateral

rectus palsy, recovery of function in this muscle will match the post

botulinum recovery in the medial rectus with the gradual restoration of a

normal area of binocular single vision.

(b) In recovered VIth nerve palsy with persistent esotropia due to medial rectus

contracture when an injection alone may restore normal eye movements.

Why contracture develops in themedial rectus in some cases following acute

VIth nerve palsy but not others is not understood. Myofibrilar shortening

occurs as a response in the unopposed medial rectus muscle. A traction test

can be carried out under the topical anaesthesia used to perform the

botulinum injection to confirm the presence of contracture. Also an EMG

on the lateral rectus will establish if there has been restoration of innervation

to that muscle.

(c) Unrecovered lateral rectus palsy presents a difficult management problem,

involving surgical attempts to redistribute the forces generated by the

medial, superior and inferior rectus muscles to straighten the eye in the orbit

without interfering with the anterior segment circulation. Paralysis of the

medial rectus with botulinum toxin, before surgically transposing the

superior and inferior rectus muscles temporally alongside the lateral rectus,

produces a sufficient abducting vector to produce an exotropia. As the

medial rectus recovers, the exotropia resolves and binocularity should be

re-established without recurrence of the esotropia. In the event of the

esotropia recurring the medial rectus can either be re-injected or surgically

recessed once the anterior segment circulation has recovered from the initial

intervention.
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• This procedure will not restore normal movement to the affected eye,

but will maximize the field of binocular single vision.

• IVth nerve palsy. Theoretically the principles outlined above in the management

of VIth nerve palsy may be applied to IVth nerve palsy. The difference is that the

overacting ipsilateral antagonist of the paralysed muscle is the inferior oblique,

and it is difficult to selectively weaken this muscle without spread to the inferior

rectus. An alternative strategy in unrecovered IVth nerve palsy is to inject the

contralateral agonist of the paralysed muscle (the inferior rectus). Again benefit

may be compromised by spread to the inferior oblique. Note that this is unlike

the situation in thyroid ophthalmopathy where the inferior rectus is markedly

enlarged, making it easier to confine the effect of an injection to this muscle

alone without spread.

• IIIrd nerve palsy. In a persistent partial IIIrd nerve palsy with a good vertical

alignment, no ptosis and a reasonable range of medial rectus activity but

persistent divergent strabismus, botulinum toxin treatment to the ipsilateral

lateral rectus may restore binocularity. The injection may have to be repeated

to maintain binocularity but provided there is no other ocular co-morbidity,

once binocular function is achieved, the area of binocular single vision often

progressively enlarges.

• Vertical squint due to a disruption of brainstem prenuclear inputs (skew

deviation) can be due to a variety of causes such as brainstem, inflammatory

and vascular disease. If it persists, and the angle between the visual axes is not

more than 10�15 prism dioptres, then treatment of the inferior rectus of the

hypotropic (lower) eye may be helpful. The caveat in relation to spread to the

inferior oblique (see above) applies.

In a persisting internuclear ophthalmoplegia, double vision and oscillopsia due

to secondary overaction of the lateral rectus muscle or muscles may be reduced

by an injection of botulinum toxin into that muscle.

6. Nystagmus. There are a number of reports of the use of either retrobulbar or

intramuscular botulinum toxin in the management of nystagmus and other

disorders of fixation. In nystagmus the slow phase is the abnormal movement

(the fast phase being corrective) so theoretically reducing activity in the

muscle responsible for the slow phase may be beneficial. Alternatively in pendular

nystagmus the muscles responsible for the abnormal movements in each direction

can be treated.

There are a number of practical difficulties which limit the benefits of this

treatment. For example downbeat nystagmus cannot be treated as it is not

possible to treat the superior rectus without also inducing a ptosis. Attempts to

treat horizontal nystagmus by symmetric injections to agonist muscles in both
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eyes very often have an unequal effect on the two eyes resulting in double vision.

Because of these problems attempts have been made to damp extraocular

muscle activity generally with retrobulbar injections, which can produce general-

ized ophthalmoparesis. Again double vision, due to an asymmetric effect, and

asymmetric ptosis can be problems.

The ophthalmoparesis produced by retrobulbar botulinum toxin, as well as

damping nystagmus or other abnormal ocular movements, will also prevent

normal eye movements including the vestibulo ocular response. The absence of

this normal reflex eye movement in response to acceleration and deceleration

of the head or body can itself produce a disconcerting illusory movement of

the environment.

A further problem, particularly in patients with multiple sclerosis and pendular

nystagmus, is of a co-existent optic neuropathy such that even when the eyes

are relatively still, visual function remains disappointingly poor.

It is usually the case that if patients find a particular treatment helpful

they will return for repeat treatments. Very few individuals who have been

treated with botulinum toxin for oscillopsia request a second treatment,

but there are a small number who find this intervention helpful on a long term

basis12.

13.5 Facial movement disorders

As noted above Scott commented with admirable foresight in 1973 regarding

the ‘possible extension of the technique of local muscle paralysis to the mana-

gement of such conditions as blepharospasm’. The treatment of patients with

blepharospasm by botulinum toxin injection began in the United States in the

early 1980s and in the United Kingdom in 1983. The first reports of its often

spectacular efficacy appeared in 1985, and since then there has been a steady

increase in its usage in the management of both facial and other focal

movement disorders (Table 13.2).

Table 13.2. Treatment of facial movement disorders

Dystonic blepharospasm

Hemifacial spasm

Post facial palsy problems

Facial myokymia
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13.5.1 Idiopathic blepharospasm

The introduction of botulinum toxin injections has dramatically improved

measures of practical visual function, and health-related quality of life in a high

proportion of patients with this previously untreatable disorder. It has also

stimulated medical ascertainment of the condition and research into the charac-

teristics and pathogenesis. As a result of studying large numbers of patients with

blepharospasm we have improved information on the incidence, natural history

and factors exacerbating and improving the condition which may help in

management. For example, patients are often concerned that the abnormal

movements may spread to other parts of the body, but studying large numbers

of patients has indicated that although cranial dystonia may develop, usually

within 2�3 years of the onset of the blepharospasm, other muscle groups will

not be affected unless there is an underlying specific cause. We also have insights

into possible genetic factors in the pathogenesis.

It is now recognized that there are two principle variants of idiopathic

blepharospasm. Typical blepharospasm involves forceful eye closure via all com-

ponents of the orbicularis oculi muscle, i.e. the pretarsal, the preseptal and orbital

parts. The brows are lowered. By contrast in atypical or pretarsal blepharospasm

(5�10 per cent of cases), the brows are elevated and the spasm is confined

to or predominant in the pretarsal section of the muscle. Attempts to activate

the levator muscles appear to exacerbate the contraction in the pretarsal

orbicularis oculi, and there is EMG evidence of co-contraction in these

two muscles. Atypical blepharospasm should be differentiated from ‘apraxia

of eye opening’ (see below).

Up to 90 per cent of patients with blepharospasm report some symptomatic

improvement with botulinum toxin injections, and in approximately 75 per cent

long term maintenance of a degree of symptomatic relief is possible by

repeat injections at 2�3 monthly intervals. Informed consent to the pro-

cedure requires an explanation of the risks and benefits and an attempt to

give an insight into how the treatment works. It is important for patients to

realize that it is not a specific cure for the condition, and that weakening the

orbicularis oculi has no effect on the fundamental underlying neurological

disorder13.

In the doses used for the treatment of blepharospasm, antibodies to botulinum

toxin do not develop. Therefore if a response can be obtained it is usually

repeatable indefinitely. Secondary treatment failure, i.e. the development of an

apparent resistance to the beneficial effects of botulinum toxin is unusual

and probably indicates a worsening of the underlying disorder14.

Injections into the pretarsal orbicularis oculi alone (in both typical and atypical

cases) allow lower total dose usage than orbital injections with better relief
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and fewer side effects15. Injections are given subcutaneously using a 1ml syringe

and a 30-gauge needle. In some cases pretarsal injections will need to be aug-

mented by additional orbital treatment. The force, amplitude and frequency of

blinking is reduced. Up to 50 per cent of patients with idiopathic blepharospasm

have mid- and lower-facial dystonia (Meige syndrome) and many have some

symptomatic relief from these muscle spasms when the blinking is controlled

or reduced. Some individuals consciously or unconsciously use facial grimacing

or yawning as a means of keeping the eyes open better when blepharospasm

is bad. Improvement of the blepharospasm reduces the need for this category

of abnormal facial movement.

The side effects of treatment are predictable � partial ptosis, double vision,

paralytic entropion and corneal exposure � but usually short-lived and well

tolerated. Mid-facial and upper-lid mobility problems may follow medial injec-

tions on the lower lids, which for this reason are sometimes omitted. This location

of injection may also interfere with the lower-lid tear drainage mechanism

and cause epiphora (see also below). EMLA cream may be used pre-treatment

to relieve injection pain16.

Not all the patients benefit from long term treatment, and it is important

to recognize that even in those who do symptoms are usually reduced but not

abolished. Health related quality of life measures (HR-QoL) indicate continuing

problems and depression is also common17. Long term remission is very rare.

Adjunctive treatment may be helpful � in particular ptosis props or a spectacle

attachment to apply pressure around the eyes. Systemic drug treatment is rarely

helpful. Many different categories of drug have been used in individual cases of

blepharospasm, but there is no consistent pharmacological profile, which

would help determine a rational choice of treatment.

13.5.2 Apraxia of eye opening

The term ‘apraxia of eye opening’ is used to designate the condition in which

the eyes appear to be passively closed and there is an inability or difficulty in

initiating eye opening. Once the eyes are open, however, they remain normally

open with normal reflex blinking. This may be a feature of progressive sup-

ranuclear palsy when the periodic blink rate is often low. The condition needs to

be differentiated from pretarsal blepharospasm (see above) in which there is

active contraction in that portion of orbicularis oculi. The difficulty in eye

opening that may be seen in Parkinson’s disease is usually due to pretarsal

blepharospasm rather than apraxia of eye opening.

Apraxia of eye opening rarely responds to pretarsal injections of botulinum

toxin. It may improve with brow (frontalis) suspension surgery18. The combina-

tion of botulinum toxin treatment to orbicularis oculi and brow suspension
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surgery may also be useful in some cases of resistant pretarsal blepharospasm.

Other eyelid surgeries may also be helpful in some individuals with typical

blepharospasm, including the removal of excess skin (blepharochalasis surgery)

and advancement of the levator muscle when there is a secondary levator

dehiscence type ptosis.

13.5.3 Hemifacial spasm

In contrast to blepharospasm, which is associated with centrally determined

facial nuclear hypersensitivity, hemifacial spasm is due to chronic low grade

damage to the extra axial facial nerve. Hemifacial spasm characteristically

begins insidiously with myokymia type contractions in orbicularis oculi, but

these persist and extend to involve increasing numbers of the ipsilateral facial

nerve innervated muscles. Spasms are of variable frequency and intensity from

short-lived twitches to sustained clonic contractions. They occur spontaneously at

a variable rate and are also triggered by the normal use of facial muscles in talking,

eating, etc. and may be exacerbated by anxiety. Hemifacial spasm continues in

sleep and may interrupt it19.

Most cases are secondary to microvascular compression of the facial nerve in

the root exit zone, but occasionally other pathology, e.g. vascular anomalies or

lipoma � are responsible. Again unlike blepharospasm, an alternative reportedly

effective, definitive treatment exists for many cases � surgical decompression

of the facial nerve in the posterior fossa. However, most patients with hemi-

facial spasm are middle aged to elderly and vascular co-morbidity, e.g. systemic

hypertension is common. Microvascular decompression of the facial nerve

requires intracranial surgery, and the potential risks of this treatment mean

that botulinum injections are the primary treatment option. Systemic drug

treatment is generally ineffective.

Provided the examination of an individual with hemifacial spasm does not

reveal any evidence of other cranial neuropathy (e.g. trigeminal sensory

dysfunction), there is no indication for neuro-imaging unless surgery is to be

contemplated. Hemifacial spasm very rarely occurs in children and, except in

those cases which are familial (and probably due to an inherited vascular

anomaly), these cases are generally due to a structural, usually vascular, cause

which should be established by neuro-imaging. Characteristically the spasms of

the face involve eye closure (orbicularis oculi) but brow elevation (frontalis)

laterally-pulling mid-facial contractions as well as contractions in the superficial

neck muscle (platysma). Some patients complain of synchronous clicking in

the ipsilateral ear due to stapedius contraction.

Most patients with hemifacial spasm appreciate the partial symptomatic

relief that repeated botulinum toxin injections in the brows, lids and upper
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face laterally (also the platysma) can give20. The mid and lower face is generally

avoided because of side effects of mouth droop and gum biting. Some patients

benefit from injections to the contralateral brow and lower lid to achieve a

more symmetric result (very rarely hemifacial spasm is bilateral). The injection

schedule in hemifacial spasm needs to be tailored to suit the individual patient.

The period of relief is usually longer than that seen in blepharospasm averaging

around 3 months, sometimes up to 6 months. Partial ptosis is the commonest side

effect occurring in 10 per cent of patients over 12 treatments at one centre. As with

the treatment of blepharospasm, the side effects include eyelid malposition or

malfunction giving entropion or watering.

13.5.4 Post facial palsy problems

A number of problems that can develop following facial palsy of any aetiology

may be amenable to botulinum toxin treatment.

• In unrecovered facial palsy the lid elevating action of the levator muscle

is unopposed by the normal tonic orbicularis oculi contraction. This in some

cases leads to upper lid retraction and corneal exposure. As a temporary

measure the upper lid can be lowered by an injection of botulinum toxin

either via the skin or conjunctiva into the levator.

• Post facial palsy misdirection regeneration can lead to unwanted synkinetic

movements in the face, for example partial eye closure on smiling or talking.

Low dose (because of persistent facial weakness) botulinum injections into

the orbicularis oculi may be helpful. Synkinetic contractions in platysma

can also be dealt with this way.

• Crocodile tears (gustatory hyperlacrimation) may develop and can be treated

as below.

13.5.5 Other facial movement disorders

Facial muscle myokymia is usually a focal short-lived annoyance that requires

no active intervention. Occasionally it persists for days or weeks and can be

stopped by appropriate focal botulinum injections. Rarely widespread facial

myokymia occurs secondary to an intrinsic pontine lesion affecting the facial

nucleus or intra-axial nerve, most commonly demyelination. This condition

may respond to systemic steroid treatment but if reasonably localized in the

face can be treated with botulinum injections21.

Orbicularis oculi neuromyotonia is a rare disorder that may be isolated

or associated with neuromyotonia in muscles elsewhere (Isaac’s syndrome).

The symptom is difficulty opening the eyes after forceful lid closure, for example

after sneezing. This may be embarrassing or even dangerous � for example when
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driving or operating machinery. Systemic drug treatment is usually ineffective,

but botulinum injections provide symptomatic relief.

13.5.6 Other ophthalmic indications

Eyelid position

• Ptosis induction. Botulinum toxin can be injected into the levator palpebrae to

induce a ptosis. EMG guidance is not required � an injection into the superior

orbit behind the globe is effective. The extent and duration of the ptosis is dose

dependent. This is a useful adjunct in the management of refractory corneal

pathology with non-healing epithelial defects, where otherwise a temporary

surgical tarsorrhaphy would be considered. It is also effective in the combination

of anaesthetic cornea and facial palsy (e.g. after acoustic neuroma surgery)

when corneal exposure is a threat22.

The advantages of a botulinum ormedical tarsorrhaphy as against a surgical one

are that there is no damage to the eyelid margins and that the passively closed lid is

easier to open to inspect the corneal surface. Because the palpebral aperture is not

shortened horizontally it is usually easier to instil drops needed for the corneal

pathology and there is evidence from impression cytology studies that corneal

healing is faster and more permanent. A medical tarsorrhaphy is repeatable, if

necessary, and may obviate the need for a permanent surgical tarsorrhaphy,

otherwise required in about 20 per cent of cases. The cosmetic outcome once the

cornea has healed is likely to be better after a botulinum than a temporary surgical

tarsorrhaphy.

• After an injection into the levator, there is inevitably spread of paralytic effect

to the superior rectus, producing a vertical deviation (hypotropia) of the eye.

This potential side effect needs to be explained in detail before this treatment

is carried out. This will usually resolve spontaneously as the ptosis recovers,

but may persist for some weeks or even indefinitely. Occasionally ocular muscle

surgery is required.

• Entropion. Spastic lower lid entropion may be relieved by an injection into the

pretarsal orbicularis oculi, which is responsible for everting the lid in this

situation. This is usually a temporizing measure only, but sometimes relieving

the corneal irritation of the in-turning lashes allows the situation to resolve23.

• Lid retraction. Upper lid retraction, associated with thyroid eye disease

(if not due to globe tethering, see above) may be relieved by injecting the

levator complex at the upper border of the tarsal plate. Both percutaneous

and subconjunctival approaches are described and produce lid lowering

for between one to four months24. Injections into the secondarily overactive

accessory muscles of eyelid closure� the glabellar muscles, corrugator supercilli
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and procerus� relieves furrowing frown lines, which contribute to the unsightly

thyroid facial appearance.

Asymmetry of eyebrow position� which follows, for example, partly recovered

facial palsy with a brow ptosis � may respond to reducing frontalis muscle

function on the contralateral brow.

Tear function

• Gustatory hyperlacrimation (‘crocodile tears’). This may follow aberrant VIIth

nerve regeneration after facial palsy, due to unwanted secretor motor drive to the

lacrimal gland from the superior salivatory nucleus. Direct transconjunctival

injection of botulinum into the lacrimal gland, under topical anaesthesia, results

in partial or complete resolution for up to 4�5 months. Partial ptosis is the

obvious potential side effect, but is generally reported inconsistently as ‘mild’25.

• Functional epiphora. Some individuals, with a patent lacrimal drainage system

and normal eyelid position and function, have persistent watery eye(s),

a situation designated ‘functional epiphora’. Reducing tear output by trans-

conjunctival botulinum injection of the lacrimal gland may be helpful

symptomatically26.

• Dry eyes. Injecting botulinum into the medial pretarsal orbicularis oculi on

both upper and lower eyelids reduces the force of the blink medially, and

impairs the normal tear drainage mechanism. Patients with dry eye report

improved eye comfort after this treatment27.

Facial scars

Scars following facial trauma may be exacerbated by underlying muscle

contraction tending to disrupt the aposition of tissue edges. Immediate

injection of botulinum toxin into the muscles underlying a wound after suturing

can improve the cosmetic outcome of the facial cutaneous scar (Table 13.3)28.

Table 13.3. Other ophthalmic indications

Ptosis induction

Entropion

Lid retraction

Brow asymmetry

Crocodile tears

Functional epiphora

Dry eyes

Facial scarring
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Bladder and bowel indications

Giuseppe Brisinda, Federica Cadeddu and Giorgio Maria
Department of Surgery, Catholic School of Medicine, University Hospital Agostino Gemelli, Rome, Italy

14.1 Introduction

Botulinum neurotoxin (BoNT) inhibits neuromuscular transmission and it has

become a drug with many indications1�3. The range of clinical applications has

grown to encompass several neurological and non-neurological conditions. Over

the years, the number of primary clinical publications has grown exponentially,

and continues to increase every year. Although BoNT blocks cholinergic nerve

endings in the autonomic nervous system, it has also been shown that it does not

block non-adrenergic non-cholinergic responses mediated by nitric oxide (NO)4.

This has promoted further interest in using BoNT as a treatment for overactive

smooth muscles and sphincters (Table 14.1).

Recent clinical experience of BoNT in urological impaired patients will be

described in this chapter. Moreover, understanding the anatomical and functional

organization of gastrointestinal tract (GIT) innervation is necessary to understand

many features of BoNT action on the GIT and the effect of injecting specific

sphincters. This chapter presents current data on the use of BoNT to treat GIT

diseases and summarizes recent knowledge on the pathogenesis of GIT disorders

due to a dysfunction of the enteric nervous system (ENS).

14.2 Urinary bladder indications

14.2.1 Anatomy and physiology of micturition

The two functions of lower urinary tract (LUT) are storage and active expulsion of

urine. The LUT consists of the bladder (detrusor muscle bundles) and the urethra.

The urethra contains a dual sphincter mechanism. The internal sphincter is a

smooth muscle part of the vesical neck and posterior urethra with both adrenergic

and cholinergic innervation. It is closed during bladder filling by constant

Clinical Uses of Botulinum Toxins, eds. Anthony B. Ward and Michael P. Barnes. Published by
Cambridge University Press. � Cambridge University Press 2007.
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background adrenergic tone. The external sphincter has two components: muscle

intrinsic to the urethra, mainly under autonomic control, and muscle around the

membranous urethra made of striated muscle under voluntary control via the

pudendal nerve5.

Within the detrusor muscle, a single nerve innervates several muscle fibres,

which produces coordinated bladder contraction. Cholinergic fibres predominate

in the body of the bladder, whereas adrenergic fibres are present in both the body

and bladder neck (Table 14.2).

The LUT is innervated by three groups of peripheral nerves: sacral parasympa-

thetic, lumbar sympathetic, and sacral somatic nerves (Figure 14.1). Urine is

stored when the external urethral sphincter muscle (somatic) and the internal

urethral sphincter muscle (sympathetic) are contracted and the detrusor muscle

and sacral parasympathetic activity are inhibited through sympathetic mediation.

Sympathetic integrity is not essential for the performance of micturition.

Table 14.1. Target site for the injection of BoNT in different LUT and GIT clinical conditions

Site of injection Condition

Lower esophageal sphincter Achalasia

Diffuse esophageal spasm

Isolated hypertensive LES

Esophageal diverticula

Cricopharyngeal muscle Cricopharyngeal dysphagia

Pylorus Delayed gastric emptying

Infantile hypertrophic pyloric stenosis

Sphincter of Oddi Sphincter of Oddi dysfunction

Internal anal sphincter Chronic anal fissure

External anal sphincter Chronic anal fissure

Outlet-type constipation

Anterior rectocele

Puborectalis muscle Outlet-type constipation

Anterior rectocele

External urethral sphincters Detrusor-sphincter dyssynergia

Urinary retention

Chronic prostatic pain

Chronic prostatitis

Detrusor muscle Neurogenic detrusor overactivity

Idiopathic detrusor overactivity

Prostate Benign prostatic hyperplasia

BoNT: botulinum toxin; GIT: gastrointestinal tract; LES: lower esophageal sphincter;

LUT: lower urinary tract.
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However, experimental evidence suggests that sympathetic input causes tonic

inhibitory input to the bladder and excitatory input to the urethra. During mic-

turition, descending pathways originating from the pontine micturition centre

inhibit external urethral sphincter activity, inhibit sympathetic outflow (inhibi-

tion of the vesicosympathetic reflex), activate parasympathetic outflow to the

bladder, and activate parasympathetic outflow to the urethra5.

The neural pathways controlling LUT function are organized as simple on�off

switching circuits (Figure 14.2) that maintain a reciprocal relationship between

the urinary bladder and urethral outlet. The principal reflex components of these

switching circuits are listed in Table 14.3.

14.2.2 Detrusor-sphincter dyssynergia

Detrusor-sphincter dyssynergia (DSD) is defined as inappropriate contractions

of the urethral sphincter coincident with detrusor contractions6. DSD is a major

cause of morbidity in spinal cord injury patients. The resulting high intravesical

Table 14.2. Receptors for putative transmitters in LUT

Tissue

Cholinergic Adrenergic Other

Excitatory Inhibitory Excitatory Inhibitory Excitatory Inhibitory

Bladder body M2, M3 � a1 b2 Purinergic

[P2x], PG,

Substance P

VIP

Bladder base M2, M3 � a1 � Purinergic

[P2x]

VIP

Ganglia N, M1 � a1, b a2 Purinergic

[P1, P2x],

Substance P

Enkephalinergic

[d]

Urethra M � a1, a2 b2 Purinergic

[P2x]

NO, VIP

Parasympathetic

terminals

M1 M4 a1 a2 5-HT NPY

Afferent

neurons

� � � � CAPS, PG,

Purinergic

[P2x]

�

Sphincter striated

muscle

N � � � � �

5-HT: 5-hydroxytryptamine; CAPS: capsaicin; LUT: lower urinary tract; M: muscarinic; N: nicotinic;

NO: nitric oxide; NPY: neuropeptide Y; PG: prostaglandins; VIP: vasoactive intestinal polypeptide.
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Figure 14.1 Micturition is controlled by a region of the ponto-mesencephalic reticular formation at the

level of the trigeminal motor nucleus referred to as the pontine micturition centre. This is the

only centre that is able to coordinate detrusor contraction and sphincter relaxation. This

occurs through reticulospinal pathways. Anteromedial portion of the frontal lobes, anterior

vermis and basal ganglia. There are direct connections between frontal centres and pontine

centre. Autonomic centres in the spinal cord include sympathetic (T9� L1) and parasympa-

thetic (S2� S3). Control of external sphincter striated muscle by neurons in Onuf’s nucleus

in the sacral cord. Receive voluntary input from frontal lobes via pyramidal tracts. A control

system was based on functional arcs. An alternate functional classification also exists

that defines four distinct control loops which provide for coordinated detrusor-sphincter

function during urine storage and evacuation.



pressures and poor bladder emptying may lead to autonomic dysreflexia,

severe urinary tract infections, renal damage and premature death. DSD is

typically managed with medication, condom or indwelling catheters, intermittent

catheterization and electrical stimulation, or surgery to destroy sphincter function.

Figure 14.2 Micturition reflex pathway. A alpha and C afferent pathways initiatemicturition. A alpha fibres

exhibit graded response to passive distension, while C fibres have a much higher threshold,

being activated by inflammation and noxious stimuli. Fullness of the bladder is detected by

receptors in the bladder wall, which send impulses through the sacral parasympathetic

nerves. Impulses reach the cortex through the spinothalamic tracts. The act of micturition is

both reflex and voluntary. When a normal person is asked to void, there is first a voluntary

relaxation of the perineum, the increased tension of the abdominal wall with a slow

contraction of the detrusor and an associated opening of the internal sphincter. The external

sphincter must also relax. When the bladder is filling, impulses from sensory receptors in the

peripheral nerves ascend to the brainstem nuclei. The brainstem sends descending tracts to

prevent micturition by inhibiting the detrusor nucelus and stimulating the pudendal nucleus

(holding reflex). The sympathetic fibres cause relaxation of the bladder body (beta

adrenergic) and tightening of the bladder neck (alpha adrenergic). When the bladder

reaches a certain volume, the impulses start reaching the cerebral cortex and the desire to

micturate is perceived. At the same time, the sympathetic tone is decreased, and

parasympathetic tone increased causing detrusor contraction and inhibition of smooth

muscle tone of the urethral sphincter. Striated muscle relaxation is done voluntarily via

the pudendal nerve. Voiding is characterized by increased parasympathetic discharges to

stimulate detrusor contraction, and decreased sympathetic discharges to relax outlet

sphincters. Increased sympathetic tone leads to detrusor relaxation and bladder outlet

contraction.
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All of these treatments have associated complications. The possibility to induce

a reversible sphincterotomy with BoNT injections in spinal cord injured patients

have first been described by Dykstra et al 7. Thereafter, other authors reported

on the technique and its results (Table 14.4). BoNT has been either injected

transurethrally via cystoscope or transperineally under electromyographic control.

However, the dose, dilution volume and intervals between two injections vary

from author to author8�14.

Main parameters to assess BoNT effect were the urethral pressure profile and

the post-void residual volume. Using an initial dose of 140 units of toxin injected

transurethrally via cystoscope, and subsequent weekly doses of 240 units, an

average of three injections was needed to produce maximum decrease in post-void

residual volume. Eight out of 11 patients improved. Urethral pressure profile

decreased on an average by 27 cmH2O, residual urine volume decreased by an

average of 146ml. Duration of effect was about 50 days, and side effects were not

observed15.

In a prospective study on 24 spinal cord injury patients, the effect of one single

injection (100 BOTOX� units) versus three repeated injections at monthly

intervals has been compared6,16. In 87.5 per cent of patients, the maximum

Table 14.3. Reflex to the LUT

Afferent pathway Efferent pathway Central pathway

Urine storage 1. External sphincter contraction

(somatic nerves)

2. Internal sphincter contraction

(sympathetic nerves)

3. Detrusor inhibition (sympathetic

nerves)

4. Ganglionic inhibition (sympathetic

nerves)

5. Sacral parasympathetic outflow

inactive

Spinal reflex

Low-level vesical

afferent activity

(pelvic nerve)

Micturition 1. Inhibition of external sphincter

activity

2. Inhibition of sympathetic outflow

3. Activation of parasympathetic outflow

to the bladder

4. Activation of parasympathetic outflow

to the urethra

Spinobulbospinal

reflex

High level vesical

afferent activity

(pelvic nerve)

Spinal reflex

LUT: lower urinary tract.
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urethral pressure during DSD, duration of DSD and basic urethral pressure

significantly decreased by 48, 47, and 20 per cent, respectively. The main point

observed was a longer lasting effect of the repetitive injections on the voiding

dysfunction (9�13 months), versus one single injection (2�3 months).

In patients with lesion above T6, transurethral BoNT injections into the urethral

sphincter may require general anaesthesia because of the high risk of auto-

nomic dysreflexia. Schurch et al. reported on the same results of both techniques

(transurethral versus transperineal), when using the same BoNT amount of toxin6.

Similarly, Gallien et al.10 reported on good results using the transperineal

approaches.

Recently, in a double-blind study on 13 spinal cord injury patients with

DSD, de Seze et al.9 compared the efficacy and tolerance of BoNT (100 units of

BOTOX�) versus lidocaine (4ml at 0.5%) applied into the external urethral

sphincter with a single transperineal injection. They found a significant

improvement in all parameters in BoNT group but not in the lidocaine group.

According to these reports, BoNT injections into the external urethral sphincter

appear to be efficient to treat DSD in spinal cord injured patients. However,

randomized studies comparing the effects of this treatment against placebo

are still lacking. Clinical effects begin within 7 days and last up to 6 months;

thereafter, patients have to be re-injected to maintain efficacy of the treatment.

The reversibility of the treatment might raise controversies, especially in high

complete tetraplegic patients, where a surgical sphincterotomymight appear more

secure and appropriate. By contrast, BoNT into the external urethral sphincter

appears to be a worthwhile option in acute incomplete spinal cord injured patients

with DSD and high residual volume. This indication can be extended to multiple

sclerosis patients6.

14.2.3 Neurogenic detrusor overactivity

This condition causes high intravesical pressure, reduced capacity, low compliance

of the bladder and can lead to upper urinary tract damage. Current treatment

options rely mainly on clean intermittent catheterization and anticholinergic

medication. However, side effects of oral anticholinergic medication are trouble-

some and reduce patient compliance. Other treatment options (functional stim-

ulation of the pudendal nerve afferents, implantation of a sacral root nerve

stimulator, sacral root rhizotomy, enterocystoplasty and ileal conduit, intravesical

application of vanilloid-antagonists) are controversially discussed or have still

to be evaluated.

Effect of 200�400 BOTOX� units injected into detrusor muscle in spinal cord

injured patients, suffered from severe detrusor overactivity and incontinence

resistant to anticholinergic drugs, was first reported by Schurch et al13,17. A total
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of 19 patients were regularly observed over a period of 9 months by clinical and

urodynamic checks. Six weeks follow-up after injections showed a significant

increase in the reflex volume and in the maximum cystometric bladder capacity,

associated a decrease in the maximum detrusor voiding pressure (Figure 14.3).

At 36 weeks follow-up, ongoing improvement occurred. The amount of anti-

cholinergics could be reduced or even completely abolished. The actual experience

of the European group increased to approximately 200 patients with the same

results18.

Furthermore, Schulte-Baukloh et al.19�21 tested the efficacy of 85�300

BOTOX� units in 17 children with neurogenic detrusor overactivity due to

myelomeningocele. Urodynamic checks were done 2�4 weeks after injection

(Figure 14.4). All results were significant and continence could be restored for at

least the 4 weeks follow-up. Recently, long-term efficacy of BoNT injection was

demonstrated with significantly improved urodynamic situation22.

According to data, BoNT injections into the detrusor muscle seem to be

indicated in spinal cord injured patients with incontinence due to neurogenic

detrusor overactivity. This treatment option seems to establish its indication in

Figure 14.3 Effect of BoNT injections into the overactive detrusor muscle in spinal cord injured patients.

The bladder filling was stopped as soon as the rise in detrusor pressure was constant and at

maximum level. This value was then compared to the maximum detrusor voiding pressure

prior to the treatment. (Modified from Schurch et al., J. Urol., 2000, 164 (3 Pt. 1), 692�7.)
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cases where anticholinergic medication fails or is intolerable and appears to be a

valuable alternative to surgery.

14.2.4 Idiopathic detrusor overactivity or sensor urge

Recently, effect of injections of 200 BOTOX� units into the detrusor muscle in

30 patients with severe detrusor overactivity has been reported. Of the patients

reported, 67 per cent improved continence, lasting 8 months6. However, high

residual volume and one acute retention, that might be explained by the high

amount of toxin used for this indication, have been also noted. As opposed,

Radzieszweski and Borkowski observed marked improvement of bladder over-

activity in 12 patients at 1 month follow-up without change in the residual volume

by using 300 Dysport units23. In another prospective study, BoNT was tested on

16 patients suffering from incontinence with motor (9 patients) or sensory urge

(7 patients) with or without a neurological impairment. After treatment with

200 BOTOX� units into the detrusor muscle, 13 patients were dry and 3 patients

with sensory incontinence remained incontinent. Nine of the treated patients were

free of urge symptoms. Seven patients (one with motor and six with sensory urge)

noted no clinical improvement.

Figure 14.4 Effect of BoNT injections into the overactive detrusor muscle in children with myelo-

meningocele. (Modified from Schulte-Baukloh et al., Urology, 2002, 59, 325�7.)
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14.2.5 Urinary retention

Recent reports clearly demonstrated that BoNT might be effective in reducing

urethral resistance and facilitate voiding efficiency in patients who had either

cauda equina lesion or peripheral neuropathy, as well as in those with detrusor

failure and poor relaxing urethral sphincter. The role of BoNT injections into

the external urethral sphincter for a variety of bladder outlet obstructions and

to decrease outlet resistance in patients with a contractile detrusor wishing to void

by Valsalva manoeuvre has been studied by Phelan et al24. After injection of

100 BOTOX� units, 20 patients were able to void without catheterization.

Kuo et al.25 repeated the experience in 20 patients with dysuria or urinary

retention due to detrusor underactivity and non-relaxing urethral sphincter, who

were refractory to conservative treatment. After treatment, spontaneous voiding

resumed in 11 patients and significantly improved in five. As opposed to Kuo and

Phelan reports, Fowler et al.6 found no significant improvement of micturition in

six women who had difficulties in voiding or complete urinary retention due to

abnormal myotonic-like activity in the striated urethral sphincter and who were

treated with transperineal BoNT injection.

However, the actual controversial results strongly suggest that further studies

are necessary to clarify the exact therapeutic role of BoNT injections in these

cases.

14.3 Male genitourinary dysfunction

14.3.1 Chronic prostatic pain

Chronic prostatic pain is a common situation confronting the practising urologist.

Up to now, the different therapies of this syndrome and their longstanding results

are mostly frustrating. Recently, four consecutive men with chronic non-bacterial

prostatitis and poor bladder emptying because of spastic external urethral

sphincter (mean duration of symptoms 18+ 3 months), who failed to respond

to tamsulosin 0.4mg once daily for more than 4 months were treated with

30 BOTOX� units. All the patients had uroflowmetric studies to assess times of

urinary flow (TQ) and maximum urinary flow (TQmax), maximum flow (Qmax),

average flow (Qave), and total urinary volume (Vcomp). An increased value of TQ

and TQmax with a normal value of Qmax was taken to be indicative of incom-

plete relaxation of bladder neck. Within 1 week of injection all patients had a

striking improvement in their voiding; none complained of urinary incontinence.

At 4 weeks, three patients showed a continuing improvement. At 8 weeks,

the same three patients were satisfied with the therapy and none of them
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complained of urinary incontinence. The patients were followed up for a mean of

12 months. No relapse occurred in the three patients who improved.

Uroflowmetric study showed a decrease in TQ and TQmax values at 1, 4, and

8 weeks compared with baseline values26. Similar results have been reported in a

placebo-controlled, randomized paper (Brisinda, G. and Maria, G., unpublished

report � Table 14.5).

Table 14.5. AUA symptoms score and uroflowmetric data before and

after BoNT treatment in men with voiding dysfunction due to non-

bacterial prostatitis

BoNT group Saline group

AUA symptoms score

Baseline 13+ 6.1 12.7+ 5.4

At 4 weeks 3+ 0.7a,b 13+ 4.8

At 8 weeks 2.7+ 1.1a,b 12.4+ 3.1

TQ (sec)

Baseline 48.7+ 13.2 47.6+ 14

At 4 weeks 16.7+ 10.9a,b 41.9+ 20

At 8 weeks 20.1+ 11.9a,b 42.1+ 19.7

TQmax (sec)

Baseline 18.6+ 6.4 19+ 5.6

At 4 weeks 8.8+ 1.2a,b 17.1+ 3

At 8 weeks 10.3+ 3.1a,b 18.2+ 3.1

Qmax (ml s�1)

Baseline 17.3+ 5.5 16.9+ 6

At 4 weeks 14.1+ 2.8 15+ 4.1

At 8 weeks 15.2+ 8.7 16.1+ 3.7

Qave (ml s�1)

Baseline 10.2+ 4.2 11+ 3.8

At 4 weeks 9.7+ 1.2 11+ 2.7

At 8 weeks 10.2+ 3.8 10.3+ 3.1

Vcomp (ml)

Baseline 364.7+ 157.5 348.2+ 180

At 4 weeks 290.5+ 89 344.6+ 156.8

At 8 weeks 342.3+ 58.2 348.4+ 141.6

aP< 0.05 versus baseline values; bP< 0.05 versus saline group.

AUA: American Urological Association; BoNT: botulinum toxin; Qmax:

Maximal flow; Qave: Average flow; TQ: Time of urinary flow; TQmax: Time

of maximal urinary flow; Vcomp: Total urinary volume.
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In 11 patients with chronic prostatic pain, urodynamic investigation, pelvic

floor function and cystoscopy were conducted before and after a transurethral

perisphincteric injection of 200 BOTOX� units. Nine of 11 patients reported

subjective pain relief; average pain level on a visual analogue scale decreasing

from 7.2 to 1.6 after the injection. The pre-post-injection comparison of the

urodynamic findings showed a decrease of the functional urethral length and

the urethral closure pressure, decrease of postvoidal residual volume and an

increase of peak and average uroflow27.

In these patients, BoNT into the external urethral sphincter seem to reduce the

sphincter activity and improve the LUT symptoms. However, large controlled

trials are needed.

14.3.2 Benign prostatic hyperplasia (BPH)

Benign prostatic hyperplasia is a non-malignant enlargement of the prostate that

involves both the stromal and the epithelial elements of the gland28�34. Symptoms

stem from urethral obstruction and gradual loss of bladder function, which results

in incomplete bladder emptying, and can lead to complications, including acute

urinary retention30,35,36. It rarely causes symptoms before age 40, but more than

half of men in their sixties and as many as 90 per cent in their seventies and

eighties have some symptoms of disease37.

The goal of therapy is to reduce or alleviate LUT symptoms, to prevent

complications, and to minimize adverse effects of treatment29. Few treatments are

without any adverse consequences, and this is particularly so with treatments

with BPH, where there is a delicate balancing act between benefits and demerits

of the available treatments37. There are several treatment options, that include

medical therapies and various surgical procedures30�32,38. Although transurethral

prostatic resection is an effective treatment for symptomatic BPH, it is by no

means perfect. Approximately 25 per cent of patients who undergo surgical treat-

ment do not have satisfactory long-term outcomes39. Analysis of data found

that mortality in the 30 days after transurethral resection for BPH ranged from

0.4 per cent for men aged 65�69 to 1.9 per cent for men aged 80�84, and has

fallen in recent years. Furthermore, the procedure was associated with immediate

surgical complications in 12 per cent of patients, bleeding requiring intervention

in 2 per cent, erectile dysfunction in 14 per cent, retrograde ejaculation in

74 per cent, and incontinence in about 5 per cent35. Because of these problems,

as well as desire of patients to avoid surgery whenever possible, there has been

much interest in alternative treatments37. Recent studies have reported that both

finasteride, a 5a-reductase inhibitor, and long-acting a1-adrenergic antagonist

drugs, such as terazosin, doxazosin, and tamsulosin, are safe and effective
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treatments for BPH30,36,40�42. It has also documented that the combination of

terazosin and finasteride was no more effective than terazosin alone41. Although

these drugs represent an attractive options for men with BPH, they have adverse

effects. However, a systematic review found that withdrawals attributed to adverse

events were similar for alfusozin, tamsulosin, and placebo40,42,43. A higher

withdrawal rate was found with doxazosin and terazosin.

Recently, it has been documented that BoNT injection into the rat prostate

induces selective denervation and subsequent atrophy of the gland44. A placebo-

controlled study has been recently performed. Men 50�80 years of age who

had symptomatic BPH were enrolled in the study. All the patients underwent

a digital rectal examination. The symptoms were assessed with the American

Urological Association (AUA) symptom index45,46. In addition, uroflowmetry

was performed, and residual urinary volume was determined ultrasonographi-

cally35,47. Serum concentrations of prostate-specific antigen (PSA) weremeasured,

and transrectal ultrasonography was performed to determine prostatic volume35.

The primary end point was evaluation of symptomatic improvement after treat-

ment, as measured by means of AUA symptoms score and peak urinary flow

rates. The secondary end point was evaluation of prostatic volume, serum PSA

concentration, and residual urinary volume. Each of the participants received 4ml

of solution injected in the prostate gland, divided into two injections of equal

volume (2ml) on each lobe of the gland. Patients in the control group received just

saline solution; patients in the treated group received 200 BOTOX� units.

Thirty patients were randomized; 15 received BoNT, and 15 received placebo.

No statistical difference were found regarding to age, AUA symptoms score, serum

PSA concentration, prostatic volume, peak urinary flow rate, and residual urine

volume at base-line between the two groups (Table 14.6). No local complications

during the procedure or post-injection systemic side effects were observed in any

patient.

At 2 months evaluations, no local or systemic side effects were reported.

Thirteen BoNT patients and 3 in the control group had symptomatic relief

(P¼ 0.0007). In patients who received BoNT, AUA symptoms score was reduced

by 65 per cent (P¼ 0.00001) as compared with base-line values, and significantly

vary from 1-month values (P¼ 0.0001). In the same patients, serum PSA con-

centration was reduced by 51 per cent (P¼ 0.00001) from baseline, and did not

vary from a 1-month value. In patients who received saline, AUA symptoms score

and serum PSA concentration were not significantly changed, as compared with

base-line and 1-month values in the same patients, and significantly differ from

values in treated patients.

In treated patients, as compared with base-line values, prostatic volume and

residual urine volume were reduced by 68 per cent (P¼ 0.00001) and 83 per cent
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(P¼ 0.00001), respectively; mean peak urinary flow rate was significantly

increased from baseline value (P¼ 0.00001). In patients who received saline,

these values were not significantly changed as compared with base-line and with

1-month values, and significantly differ from values in treated patients.

A rescue treatment was proposed to the 14 patients: 10 of them refused and

underwent medical or surgical therapy. The other four patients, all of whom

had been receiving saline, received 200 BOTOX� units each. All the 17 patients

who received botulinum toxin injections were periodically evaluated. Follow-up

averaged 19.6+ 3.8 months. Six and twelve months after botulinum toxin

injections, the patients underwent the same evaluations performed as the baseline

(Table 14.7).

This study demonstrates that botulinum toxin can be used to treat BPH. A

symptomatic improvement has been observed in 86 per cent of BoNT patients48.

Table 14.6. Base-line characteristics and results at 1 and 2 months evaluations in the

30 patients with BPH. Values are mean + SD. All patients were included in all evaluations

Characteristics BoNT group Saline group

Number of patients 15 15

Age (yr) 69.4+ 4.9 68.2+ 3.9

Base-line

AUA symptoms score (points) 23.2+ 4.1 23.3+ 3.9

Serum PSA (ng per ml) 3.7+ 0.9 3.5+ 1.0

Prostatic volume (ml) 52.6+ 10.6 52.3+ 10.0

Peak urinary flow (ml per second) 8.1+ 2.2 8.8+ 2.5

Residual urinary volume (ml) 126.3+ 38.3 118.0+ 39.7

One month evaluation

AUA symptoms score (points) 10.6+ 1.7 23.4+ 3.5

Serum PSA (ng per ml) 2.1+ 0.7 3.4+ 0.8

Prostatic volume (ml) 23.8+ 6.2 50.5+ 8.1

Peak urinary flow (ml per second) 14.9+ 2.1 8.8+ 2.3

Residual urinary volume (ml) 49.6+ 13.4 116.7+ 33.1

Two months evaluation

AUA symptoms score (points) 8.0+ 1.6 23.3+ 3.3

Serum PSA (ng per ml) 1.8+ 0.7 3.4+ 0.8

Prostatic volume (ml) 16.8+ 7.8 50.3+ 7.9

Peak urinary flow (ml per second) 15.4+ 1.7 8.7+ 2.3

Residual urinary volume (ml) 21.0+ 16.2 116.7+ 31.0

AUA: American Urological Association; BoNT: botulinum toxin; BPH: benign prostatic

hyperplasia; PSA: prostatic specific antigen.
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The BoNT benefit was evident within 1 month after the treatment, and it

continued throughout the follow-up period. A decrease of AUA symptoms score

and improvement of peak urinary-flow rate have been observed after BoNT

injections: at 2-month evaluation, AUA symptoms score was reduced as compared

with base-line values, and, in the same patients, mean peak urinary flow rate was

significantly increased from pre-treatment evaluation. It has also documented

that BoNT induces a decrease in the mean residual urinary volume (at 2-month

evaluation, ultrasonography not showed residual urinary volume in six treated

patients) and a reduction in prostate volume, as documented by both ultra-

sonography and serum PSA concentration.

The prostatic growth has been considered to be controlled by endocrine

means49�51. However, abundance of adrenergic and muscarinic receptors and

nerve fibres suggests that the autonomic nervous system may play a role in the

growth and secretory function of the gland50�53. It has been also found that a

subtype of muscarinic receptors is present in BPH and was the predominant

subtype there. In the human prostate, it has been proposed that these muscarinic

receptors stimulate growth of the gland53. It seems conceivable that BoNT,

blocking these receptors at which acetylcholine is the transmitter, induces

denervation and atrophy in human prostate. In fact, prostatic volume and

serum PSA concentration were reduced in treated patients, without signs of

either systemic or local toxicity. Furthermore, use of a-adrenergic blockade to

treat symptomatic BPH is based on the hypothesis that the disease arises from

bladder-outlet obstruction and that 40 per cent of the cellular volume of the

hyperplastic gland is made up of smooth muscle50, whose tension is mediated

by a1-adrenoceptors. BoNT may induce directly smooth muscle relaxation or by

means of neuronal NO.

Table 14.7. Long-term results in 17 patients with BPH who received BoNT. Values are

mean + SD. All patients were included in all evaluations

Characteristics Six-months evaluation Twelve-months evaluation

AUA symptoms score (points) 9.1+ 3 8.9+ 3.2

Serum PSA (ng per ml) 2.1+ 1.1 2.3+ 1.4

Prostatic volume (ml) 2.1+ 7.1 20.5+ 8

Peak urinary flow (ml per second) 14.6+ 4.1 15+ 2.9

Residual urinary volume (ml) 24.2+ 17 24+ 18

AUA: American Urological Association; BoNT: botulinum toxin; BPH: benign prostatic

hyperplasia; PSA: prostatic specific antigen.
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14.4 Female sexual dysfunction

Female sexual dysfunction includes desire, arousal, orgasmic, and sex pain

disorders (dyspareunia and vaginismus). It can be associated with a number of

conditions, which may be unrelated to the sexual act and chronic general medical

conditions can contribute. These include physical conditions, such as gynaecol-

ogical problems and ill-health, as well as psychological conditions, such as physical

and sexual abuse.

14.4.1 Vaginismus

Botulinum toxin has been proposed as a treatment for vaginismus, whose

aetiology is unclear. It is described as a vaginal pain disorder, but more recently,

has been conceptualized as an aversion/phobia of vaginal penetration54. There is

no doubt, however, that anecdotal reports suggest the benefit of muscle relaxation

in allowing easier penetration, which thus contributes to easing the fear. BoNT has

thus been used, as skeletal muscle is involved and its mechanism of action is the

same as for muscle relaxation elsewhere.

There are no controlled trials of BoNT in the treatment of vaginismus, but

a number of reviews of the management of bladder, bowel and pelvic floor

disorders have included this condition55. BoNT is injected into the pelvic floor

muscle around the distal vagina. The effect, like elsewhere, is dose-dependent,

but 50�80U BOTOX� is recommended in the first instance. The effect is to

diminish the tension in the pelvic floor by allowing the main effect of the muscle

to be raised cranially. This mechanism is thought to decrease pain and allow

easier access. No reports have indicated whether there is any adverse effect on

vaginal secretions, as BoNT could possibly reduce them.

14.5 Bowel and anal problems

14.5.1 Anatomy and physiology of anal sphincters

The complex anatomy and physiology of the anal canal and rectum account

for their important role in continence and for their susceptibility to diseases.

The main component of the pelvic floor is the levator ani muscle (Figure 14.5).

The anorectal angle indicates bending of the rectum by the sling-shaped fibres

of the puborectalis at the level of the anorectal junction; it is important tomaintain

gross faecal continence (Figure 14.6)3,56,57.

At the anal level, the sphincter complex consists of two overlapping sphincters

(Figure 14.7). The external anal sphincter (EAS), that forms the outer layer,

is composed of a voluntary, skeletal muscle. The internal anal sphincter (IAS) is
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the involuntary, smooth muscle component of the sphincter complex. Being in

a state of continuous maximal contraction, the IAS is a natural barrier to the

involuntary loss of stool and gas. This is due to a combination of intrinsic

myogenic and extrinsic autonomic neurogenic properties58. The IAS is respon-

sible for 50�85 per cent of resting anal tone. Being of visceral origin, it is supplied

both by sympathetic and parasympathetic nerves; in addition, the ENS modulates

its tonic activity. Noradrenergic sympathetic nerves are considered excitatory and

the parasympathetic inhibitory to the IAS. Sympathetic neurons that supply the

IAS are noradrenergic. Vagal neurons do not act directly, but rather form synaptic

connections with neurons whose cell bodies are in the intrinsic GIT ganglia. This

transmission is principally mediated by ACh acting on nicotinic receptors57.

Recently, it has been shown that the longitudinal layer and the circular smooth

muscle in the human rectum receive an intrinsic NO-mediated inhibitory

innervation59�61. The exact site of involvement remains to be determined, but

recent data suggest that carbon monoxide and heme oxygenase pathway may have

a role in neurally mediated relaxation of the IAS62,63.

Figure 14.5 Drawing of the pelvic floor musculature and its connections to the skeleton as seen from

inside the abdomen. The levator ani muscle is composed by the iliococcygeous, the

pubococcygeous and the puborectalis. The puborectalis is a U-shaped strong loop of striated

muscle that pulls the anorectum junction to the back of the pubis. It represent the most

medial portion of the levator ani muscle and is situated immediately cephalad to the deep

component of the external anal sphincter.

299 Bladder and bowel indications



14.5.2 Neuromyogenic properties of the GIT smooth muscles

Motility of a gut segment depends on its extrinsic and intrinsic innervation58,64.

Preganglionic parasympathetic nerves and postganglionic sympathetic nerves,

which constitute the autonomic nervous system, provide extrinsic innervation; the

ENS is a highly complex system, responsible for the coordination of motility,

secretion, and microcirculation in the GIT and for the regulation of the local

response to immune inflammatory processes. The ENS can function indepen-

dently of the central nervous system (CNS), which nevertheless maintains a

coordinating role for diverse functions of GIT neurons via sympathetic and

parasympathetic motor and sensory pathways58,65.

Functional organization of the ENS

ENS is composed of nerve cell bodies and their processes embedded in the gut

wall, which form two main ganglionated plexuses: Auerbach’s myenteric plexus

and Meissner’s sub-mucous plexus. Other, non-ganglionated, plexuses supply

GIT layers57.

Figure 14.6 Factors contributing to the maintenance of faecal continence. Continence is maintained by

normal rectal sensation and tonic contraction of the internal anal sphincter and the puborec-

talis muscle, which wraps around the anorectum, maintaining an anorectal angle between

80 and 110 degrees. During defecation, the pelvic-floor muscles (including the puborectalis)

relax, allowing the anorectal angle to straighten by at least 15 degrees, and the perineum

descends by 1.0�3.5 cm. The external anal sphincter also relaxes and reduces pressure on

the anal canal. A faecal bolus in the rectum results in reflex relaxation of the IAS, the so-called

rectoanal inhibitory reflex (RAIR). There is agreement on the local intramural nature of the

reflex, andmorphologic data provide compelling anatomic evidence that NOmediates RAIR.
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In the ENS, intraparietal neurons encompass motor neurons (excitatory

and inhibitory), interneurons and intrinsic sensory neurons (Figure 14.8).

Sympathetic and parasympathetic neurons also innervate the GIT. Excitatory

motor neurons innervate longitudinal and circular muscles and the muscularis

mucosae. Their primary transmitter is acetylcholine (ACh), but they also release

tachykinins, substance P, neurokinin A, neuropeptide K, and neuropeptide Y.

Inhibitory motor neurons relax smooth muscles and are involved in reflexes

that facilitate the passage of food along the GIT. Inhibitory neurons release

a combination of at least three transmitters: NO, adenosine triphosphate (ATP),

and vasoactive intestinal polypeptide (VIP). In most neurons, NO is the pri-

mary transmitter, while the roles played by VIP and ATP may vary. A neuronal

NO synthase is expressed in ENS neurons where it is usually co-localized

with VIP65.

Sympathetic pathways to the GIT are noradrenergic; they inhibit motility,

constrict the sphincters and in general inhibit contractile activity, by means of

a presynaptic action on the myenteric plexus. The vagus nerve includes the axons

of neurons located in the brainstem. A variety of central effects (relaxation of

Figure 14.7 Connections of the levator ani muscle and of the external anal sphincter to the rectum and

the perineum.
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the proximal stomach, enhancement of gastric peristalsis, secretion of acid) are

mediated by the vagus nerve58,66. Vagal neurons are involved in complex circuits

integrating various enteric reflexes with signals that derive from the CNS and from

other GIT regions; ACh principally mediates this transmission (Figure 14.9)58.

Smooth muscle contraction

This function is regulated by changes in cytosol calcium levels. Calcium regulation

is affected by a variety of regulatory proteins (myosin light chains, calmodulin, and

calponin). The precise mechanisms responsible for the maintenance of smooth

muscle tone are still not entirely known. These functions depend on the intrinsic

electrical and mechanical properties of GIT smooth muscles and are regulated by

Figure 14.8 Drawing of the organization of the intraparietal neurons located in the enteric nervous

system.
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the ENS and by sympathetic and parasympathetic influences. An increase in

cellular calcium can be produced by the influx of calcium through membrane

channels or by stimulation of a1 adrenoceptors, resulting in a release of calcium

from the sarcoplasmic reticulum mediated by inositol triphosphate. Stimulation

of b2 adrenoceptors brings about cAMP-mediated return of calcium to the

sarcoplasmic reticulum. Stimulation of NO induces cGMP-mediated decrease in

cellular calcium.

14.6 Bowel and anal treatment indications

14.6.1 Chronic anal fissure

A chronic fissure is a cut or crack in the anal canal or anal verge (Figure 14.10).

The fissure can be seen as the buttocks are parted (Figure 14.11). It is often

Figure 14.9 Schematic view of sympathetic, vagal, and pelvic and splanchnic pathways that regulate

functions of the gastrointestinal tract.

303 Bladder and bowel indications



Figure 14.10 Drawing of anal fissure. It is a cut or crack in the anal canal or anal verge that may extend

from themuco-cutaneous junction to the dentate line. Classic symptoms are pain on or after

defecation that is often severe and may last from minutes to several hours. Often there is

bright blood on the toilet paper. The majority of fissures occur in the posterior midline of

the anal canal.

Figure 14.11 Direct observation of a chronic anal fissure, with sharp borders and exposure of fibres of

the internal anal sphincter.
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suspected because there is marked spasm of the anus making examination

difficult. IAS spasm has been noted in association with chronic fissure and for

many years treatment has focused on alleviating IAS hypertonia (Figure 14.12).

Pathophysiology of chronic fissure

The cause of chronic fissures and the reasons for their failure to heal remain

unclear. Also unexplained are the main characteristics of this painful condition,

including the predilection for posterior midline and the lack of granulation tissue

at the fissure site. Several theories have been advanced to unravel the underlying

cause of anal fissure. Most of them are conflicting and none gives a satisfactory

explanation for the characteristic features of chronic fissure.

The passage of a hard stool bolus has traditionally been thought to cause anal

fissure. Fibres of the superficial EAS decussate to form a Y shape posteriorly; the

overlying skin has been said to be poorly supported and to be prone to tear on

passage of a large stool. However, a history of constipation preceding the onset of

anal fissure is obtained only in one of four cases and diarrhoea is seen to be a

predisposing factor in about 6 per cent of patients67.

IAS spasm has been noted for many years in association with anal fissure. It has

been found that the IAS of patients with anal fissure is fibrotic, compared with that

of controls68. It was then postulated that a myositis might occur early in the course

of a fissure and that this is the underlying cause of both spasm and fibrosis.

Although the cause of the spasm remains obscure, it has been consistently found

that resting anal pressure is higher in the patients with anal fissure than in normal

controls, suggesting that the high resting pressure be related to IAS hypertonicity.

Figure 14.12 Intraoperative photographs of a lateral internal sphincterotomy.
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It has been postulated that the increased incidence of fissure in the anterior and

posterior midline positions is related to the distribution of vessels supplying blood

to the anal canal69,70. Relief of symptoms and healing induced by treatment could

be attributed to a decrease in anal pressure, that would increase the mucosal blood

flow and relieve ischaemia. The predilection of anal fissures for the posterior

midline and the lack of granulation tissue seen in the base of a chronic fissure may

be explained by ischaemia.

Decreased anodermal blood flow may be promoted by endothelial cells

dysfunction associated with reduced NO synthesis, which is known to be involved

in the regulation of local blood flow. Activation of the endothelium may

express antigens as the endothelial cells can act as antigen-presenting cells.

Anti-endothelial cell antibodies have been found in many patients with anal

fissure, but not in healthy controls71. In antibody-positive patients, higher rest-

ing anal tone has been observed. This supports a role of the endothelium

in the pathogenesis of anal ischaemia. Circulating antibodies may activate the

endothelium to produce vasoactive autacoids, which could contribute to the

increased basal tone and aggravate the ischaemia at the level of the posterior

commissure72.

A primary IAS disturbance may be a contributing etiologic factor. IAS

supersensitivity to b2-agonists has been observed in chronic fissure73. This may

be induced by a prolonged absence of the neurotransmitter, by abnormalities at

neurotransmitter or metabolic level, or by a modification of cholinergic and

adrenergic receptors.

Results of BoNT treatment

BoNT can be used to treat anal fissure, particularly when a patient is at high risk of

incontinence (Table 14.8)1�3,74�107. With the patient lying on a side (usually the

left side when the operator is right-handed), the IAS can be easily palpated and

injected. The lower rounded edge of the IAS can be felt on physical examination

about 1�1.5 cm to the dentate line. The groove between the internal and the

external sphincters can be visualized or easily palpated.

BoNT appears as a safe treatment for patients with chronic anal fissure. It is

easier to perform than surgical treatment and does not require anaesthesia. It is

also more efficacious than nitrate therapy. In the patients with a posterior chronic

fissure better results are achieved when toxin is injected anteriorly into the IAS.

No adverse effects or permanent IAS damage have resulted from BoNT injection.

The therapeutic efficacy of different BoNT-A doses in chronic fissure have been

reported recently1�3,97,98,102,103. It has been found that the healing rate does not

differ significantly when the total dose and the number of injection sites are varied.

In a recent experience, patients with a posterior chronic fissure have better results,
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represented by a lowering of resting anal tone and early development of a healing

scar, when BoNT is injected anteriorly into the IAS. The practice of anteriorly

placed injections induces a higher fall in resting pressure and improves the clinical

outcome. Fibrosis of the IAS, that is more prominent in the site of the fissure than

elsewhere in the smooth muscle, may reduce IAS compliance and limit BoNT

diffusion. It is known that the myenteric plexus with myenteric ganglia is located

between the circular and longitudinal smooth muscle layers along the entire extent

of the IAS. A chronic reduction of perfusion in the posterior part of the anus may

affect the myenteric nervous fibres at this location and make them less sensitive to

the action of BoNT.

It has been observed that BoNT injections into the EAS are also effective for

treating fissure. The mechanism is probably mediated by diffusion to the IAS,

as shown by the observation that maximum squeeze pressure and resting pressure

are both reduced with this procedure. Since the fundamental pathogenic event

in chronic fissure is the IAS spasm, the injection into the EAS is not the first

choice for treatment. In addition, the IAS is readily visible and easier to inject than

the EAS.

Complications of the treatment have been reported by several authors.

Reported side effects, other than mild and transitory incontinence for flatus or

faeces, encompass perianal thrombosis and haematoma100. However, the devel-

opment of the potential complications106,107 does not seem to influence the

overall efficacy of the treatment76�79,81,84,85,87,88,101,110�112. To evaluate safety

of this treatment, six patients, without detectable cardiovascular or autonomic

diseases, who underwent treatment with 150 Dysport units for chronic anal fissure

have been studied. Ewing protocol (measurement of heart rate changes during

deep breathing, Valsalva manoeuvre, and during standing up; blood-pressure

measurement during handgrip and during standing up) in basal condition

(before treatment) and repeated the tests within 96 hours and within 30 days

after treatment has been conducted. To classify the severity of the effect

on the ANS, a score (0¼ normal response; 1¼ borderline; 2¼ abnormal) is

given to each test; an ending score can change from 0/10�1/10 (normal pattern),

to 2/10�4/10 (borderline pattern), to 5/10�10/10 (abnormal pattern). No

patient had worsening of test scores after BoNT injections. In particular,

before treatment a borderline pattern (2/10 score) was found in four patients.

At 96-hour evaluation, a borderline pattern (2/10 score) was found in one patient;

at 30 days evaluation, all patients who had previously an abnormal score no

longer had such a score, and a normal pattern (0/10) was found in all treated

patients102.

Minguez and co-workers98 analysed the long-term outcome (42 months)

of 57 patients in whom an anal fissure had healed after BoNT injections.
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The authors state that the late recurrence rate of chronic fissure is high when

the BoNT effect disappears. A fissure recurrence has been noted in 22 patients

(41.5%). Furthermore, they showed that the highest risk of recurrence is

associated with anterior location of the fissure, prolonged illness, a need for

reinjection and for high doses to achieve healing.

14.6.2 Other applications in the lower GIT

Pelvic floor dysfunction

Pelvic floor dysfunction is characterized by a failure of the puborectalis muscle to

relax during efforts to defecate, or by its paradoxical contraction. With an effort

to evacuate the rectum, the puborectalis and the EAS normally relax to straighten

the anorectal angle and open the anal canal. The diagnosis is suggested by the

demonstration of a persistent impression of the puborectalis on the posterior

surface of the anal canal during attempted evacuation of barium paste and, more

reliably, by EMG evidence of increased electrical activity in the puborectalis

muscle during straining.

The etiology of pelvic floor dysfunction is unclear. As in other forms of

constipation, the patients are commonly females, who developed constipation as

adolescents or young adults. Prolonged efforts to empty the rectummay aggravate

the condition. It has been suggested that paradoxical puborectalis contraction

during straining represents a focal dystonia.

BoNT-A has been used to selectively weaken the EAS and puborectalis muscle

in constipated patients113,114. It has been observed that BoNT-A relaxes the

puborectalis muscle115,116; as a consequence, the anorectal angle increases during

straining and evacuation becomes possible (Table 14.9). However, despite good

results, the effect of BoNT-A injections is fairly short term.

Outlet-type constipation may also occur in Parkinson’s disease (PD)117. We

performed a prospective study to identify the prevalence of this condition among

PD out-patients. Patients with a diagnosis of PD filled an inventory of gastro-

intestinal function and received a proctological evaluation. A total of 138 patients

met the inclusion criteria for chronic constipation; 18 of them (13%) had isolated

or prominent outlet-type constipation. Ten patients (one woman and nine men,

mean age+SD 69.1+ 9.2 years, mean duration of PD 70+ 53 months, mean

duration of constipation 35.3+ 11 months) were studied. BoNT was injected

in the puborectalis muscle (two sites on either side of themuscle) under transrectal

ultrasonography guidance; the total dose per session was 100 units in each

patient. This observation indicates that outlet obstruction is the main cause for

constipation in a minority of PD patients and provides evidence that BoNT-A

may be a remedy for them (Figure 14.13). The duration of efficacy of the injections
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remains to be measured, and repeated treatments are probably necessary118.

Optimal dose also remains to be determined; a placebo controlled study with

long-term follow-up is warranted.

Rectocele is a hernia of the anterior rectal wall into the lumen of the vagina

(Figure 14.14)119,120. It has been suggested that in some instances the rectocele is

caused by failure of relaxation or paradoxical contraction of the puborectalis

muscle occurring during attempted evacuation, but the reason for its establish-

ment is not clear. A wide variety of surgical approaches have been proposed with

the aim of assuring rectal emptying by reducing the dimension of the rectocele.

However, the results of surgery are often disappointing with regard to emptying

difficulties. Surgical repair, either vaginal, transperineal, or transanal, does not

always alleviate symptoms, and in some patients causes impaired faecal conti-

nence. Furthermore, transanal repair may compromise anal sphincter pressures

and an alternative approach should be considered when the anal sphincter is lax.

Recently, 14 women (mean age of 55+ 11 years) were treated with a total of

30 BOTOX� units evenly divided into three sites, two on either side of the

puborectalis muscle and the third anteriorly in the EAS119.

Figure 14.13 Treatment of outlet-type constipation in patient with Parkinson’s disease by injection

of 100 BOTOX� units in the puborectalis muscle, before (A) and after (B) toxin treatment.

Defecographies A and B have been taken during straining. Following treatment,

during straining the pelvic floor descends about 3 cm and the anorectal angle becomes

obtuse.
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Chronic idiopathic anal pain

Chronic idiopathic anal pain is part of a rather ill-defined group of disorders

termed chronic idiopathic perineal pain, which also includes proctalgia fugax

and coccygodynia. The main feature of these syndromes is that no objective

abnormalities are found on clinical examination, and the distinction between the

different groups of perineal pain is based solely on the patient’s description of

the pain and location of tenderness by palpation.

A feeling of obstructed defecation has also been described. The cause and

pathogenesis of the syndrome are unknown. There is no satisfactory treatment for

anal pain; nonetheless, anal stretch and LIS are still used in several patients on

the assumption that the pain might be caused by a hypertonic IAS, because no

objective changes can be demonstrated. Recently, injections of BoNT (20 units

placed intersphincterically in four quadrants and/or at the lower rim of the

puborectalis muscle under ultrasonographic guidance) resulted in improvement

in four patients with chronic anal pain that persisted during a follow-up of

12�24 months121.

Figure 14.14 Anterior rectocele at defecography taken during straining. Anterior rectocele is a frequent

finding in women and its clinical relevance is questionable: from 20 to 81 per cent of non-

symptomatic women and of constipated peoplemay present a rectocele. If less than 2 cm in

diameter, rectocele is considered a normal finding in constipated or healthy subjects. When

the diameter increases beyond 2 cm, the rectocele can cause outlet obstruction and rectal

emptying difficulties.
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Other anorectal conditions

BoNT into the IAS has been applied both diagnostically and therapeutically after

pull-though surgery for Hirschsprung’s disease in which it is postulated that IAS

spasm can result in persistent obstructive symptoms. Minkes and Langer122,123

prospectively evaluated 18 such children who underwent BoNT injection (total

dose 15�60 units) into four quadrants of the sphincter. Twelve patients (67%)

improved for at least 1 month; improvement was sustained beyond 6 months in

five patients. These investigators advocated BoNT, not only as an alternative to

myectomy in such cases, but also as a diagnostic trial, with persistent symptoms

after injection, despite a decrease in sphincter pressure, suggesting another

etiology for the constipation.

Pain after haemorrhoidectomy appears to be multifactorial and dependent

on individual pain tolerance, mode of anaesthesia, postoperative analgesia, and

surgical technique. IAS spasm is believed to play an important role. The BoNT role

in reducing pain after haemorrhoidectomy has been assessed in a double-blind

study on 50 consecutive patients undergoing Morgan haemorrhoidectomy and

assigned to an IAS injection of 0.4ml of solution containing either 20 BOTOX�

units or normal saline. Those patients who had botulinum toxin had significantly

less pain towards the end of the first week after surgery124. Reduction in IAS spasm

is the presumed mechanism of action.

14.7 Pancreato-biliary system

14.7.1 Sphincter of Oddi

Sphincter of Oddi (SO) dysfunction has been a subject of controversy ever since its

original description. Its very existence as a distinct anatomic or physiological

entity has been disputed125. Treatment for its dysfunction is therefore perhaps not

unsurprisingly a little contentious. There is no doubt, however, that the terminal

biliary duct is involved in the control of bile flow and pancreatic juices into the

second part of the duodenum. This coincides with the passage of stomach

contents through the pylorus and the SO prevents reflux of duodenal contents in

the biliary tree126.

Dysfunction of the biliary tree and pancreas covers the motor disorders of the

gall bladder and SO. Two forms are recognized where there are structural changes

and alterations in function127. SO and gall bladder dysfunction produce similar

symptoms of biliary pain and is characterized by episodes of severe continuous

pain in the epigastrium and right hypochondrium, which may last for 30 minutes

or more. Not all biliary�pancreatic pain is due to this, as functional abdominal

pain may also have to be considered. However, physicians and surgeons not
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wishing to contemplate surgery now have other medical interventions to

consider. The investigations should determine whether the patient has biliary

obstruction due to cholelithiasis or neoplasia or due to pancreatic disease, where

elevated pancreatic enzymes would be found. SO dysfunction can occur following

cholecystectomy and three types are described127. Manometry of both the biliary

and pancreatic sphincters should be carried out in the absence of a structural

abnormality. This is supported by a Cochrane review of the effect of sphincter-

otomy for biliary SO dysfunction, where surgery for patients with an elevated SO

basal pressure of 440mmHg appeared effective, but was no better than placebo

in patients with a normal basal pressure128. Further studies are therefore required,

but the principle is established that relaxing the terminal pressure is beneficial for

the relief of symptoms.

A hypothesis has been proposed that chronic alcoholic patients damage their

muscarinic receptors in the pancreas, duodenum and SO, which produce a

heightened response to acetylcholine and ultimately duodeno-pancreatic reflux

and acute pancreatitis in humans and experimental animals129. This may take

10 years or so, but its symptoms of chronic pancreatitis are characteristic.

Available treatments

If functional obstruction of the biliary tract and smooth muscle of the SO is

the mechanism of pain production, then smooth muscle relaxants should be

worthwhile therapy. However, the benefits of calcium channel blockers and other

drugs have not been shown in studies and not only are they associated with side

effects in a significant number of patients, but they are only short-acting130.

Anticholinergic drugs are similarly limited, but BoNT has been shown to be

effective in dealing with SO dysfunction in a small number of open label trials.

Wehrmann et al. studied 15 consecutive patients with recurrent attacks of acute

pancreatitis, in whom BoNT was used to predict the success of endoscopic

sphincterotomy131. They injected the papilla of Vater in the pancreatic aspect

of the SO. These patients had been shown to have elevated SO pressures

on manometry, indicating dysfunction and 100 units BOTOX� was injected.

Twelve of the 15 patients (80%) became asymptomatic after the treatment. Three

symptomatic patients continued to have raised pancreatic sphincter pressure at

manometry and proceeded to pancreatic sphincterotomy, but only one gained

benefit. However, 11 of the 12 successfully treated patients developed a relapse

after 4�8 months of BoNT treatment and achieved long-term remission (at least

15 months) after pancreatic or combined sphincterotomy. The conclusion is that

BoNT provides short-term relief in patients and is a safe procedure. There were no

adverse events. The study does not, however, discuss whether the patients would
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have benefited similarly from a primary sphincterotomy procedure and whether

the BoNT was justified. Both the drug and the surgery were carried out endo-

scopically and the latter had a longer-term outcome. The fact that only one out

of the three non-responders gained benefit from surgery probably does not tell

us much, as the numbers are too small. The procedure was nonetheless safe

and may be of value in patients unable to tolerate immediate sphincterotomy.

However, the procedure is no less invasive.

The use of BoNT does gain further support, as Gorelick et al.132 propose that

endoscopic biliary sphincterotomy is risky in patients with SO dysfunction and

should not be undertaken unless the pancreas is protected by a relaxation of the

SO. They point out that the procedure is associated with a high risk of post-ERCP

pancreatitis. They also suggest that it is the endoscopic retrograde pancreato-

graphy (ERCP) that causes the problem, but that this is significantly diminished

after BoNT injection into the residual pancreatic sphincter at the time of the

surgery. In their randomized placebo-controlled study of 98 patients referred for

ERCP, 26 had elevated baseline SO pressures. Twelve were injected with 50U

BOTOX� and 14 received injections of 0.5ml saline. Three of the treated group

(25%) developed procedure-induced pancreatitis compared to six of the placebo

group (43%) (P¼ 0.34). A larger study is required to confirm these findings and

the procedure requires validation, but a significant mortality and morbidity exists

with this complication.

The safety of BoNT was once again demonstrated and supports the notion

that the treatment of choice is pharmacological with patients receiving the drug

and only being submitted to endoscopic sphincterotomy, if they fail to respond

adequately133. BoNT has also been tried in other conditions, such as achalasia

and oesophageal spasm.
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15.1 Introduction

The cosmetic uses of botulinum toxin (BoNT) are the most commonly used of its

applications. Interest started after the effect of BoNT was shown in the treatment

of blepharospasm and the first description of botulinum toxin for treatment of

glabellar frown lines was in 19921. At that time, the use of this potent neurotoxin

for cosmetic indications was an interesting footnote to treatments for strabismus,

torticollis and other dystonias. Subsequently, physicians began to study and use

the botulinum toxins for a variety of cosmetic indications. Today, BoNT is the

most commonly performed cosmetic procedure in the world. Understanding

how these toxins are used in this arena is essential to any discussion of the

botulinum toxins.

15.1.1 Dilution of the toxin for cosmetic purposes

For the purposes of this chapter, the dilution of BoNT will be described in units of

the BOTOX� brand of type A toxin. Oculoplastic specialists usually inject using

a 1ml dilution per 100 units of BOTOX�, whereas dermatologists and plastic

surgeons vary in their practice towards a general range from 1ml to 4ml per

100 units. Variations in concentration affect the concentration gradient between

the toxin and its environment. In the forehead, for instance, a dilute concentration

may be preferable in order to increase migration, but, in general, clinicians

use lower volumes to minimize the risk of this getting into unplanned areas.

Since there is no standardized recipe for dilution and no exact way to identify

precise injection sites, it is necessary to understand the principles of BoNT

injections before treating patients1,2.

Although the package insert for BOTOX� recommends dilution with sterile

non-preserved saline, studies have demonstrated that preserved saline provides
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increased patient comfort without decreasing efficacy3. The medical literature

has also reported the adding of lidocaine to the toxin4, but, although there

was no significant decrease in efficacy, this practice was abandoned following

a probable unrelated death. There is, in addition, a case report of adding hyal-

uronidase to BOTOX� in an effort enhance efficacy in the treatment of axillary

hyperhidrosis5.

15.2 Cosmetic use of botulinum toxins

15.2.1 General tips

Physicians should know the regional facial anatomy and understand the various

interactions between the muscle groups of the face. A precise injection technique

is critical when using BoNT-A, particularly when injecting the lower face, where

minor variations may result in significant facial asymmetry and speech impedi-

ments. Treatment of the mid-face, lower-face and neck is best reserved for

experienced injectors and for patients who have been successfully treated in the

upper face.

The use of pre-treatment photography is highly recommended, as any pre-

existing asymmetry that is not documented is likely to be ascribed to treatment.

Written informed consent is therefore mandatory for this procedure and, included

in this, patients should be notified that the use of BOTOX� in any area other than

the glabella constitutes an ‘off label’ indication (in the USA). A proper informed

consent should be specific to the areas of treatment and should mention complica-

tions, such as headache, flu-like symptoms, bruising, infection, eyelid drooping,

smile asymmetry, speech enunciation changes and, although rare, dysphagia.

During the patient consultation, it is wise to explain the dose�response

curve for botulinum toxin A and the estimation of the correct dose. Since each

person has different anatomy, it is possible that a given individual may require

more or less. In the event that more is required, a waiting period of approximately

14 days is recommended. It is important to study the patient’s anatomy prior to

treatment and it may be helpful to demonstrate the muscles involved through

a mirror. Most experienced physicians do not routinely see patients back for

post-treatment follow-up except when treating the lips, neck, blepharochalasis or

hyperhidrosis, when patients are reviewed at 2�2½ weeks.

Applying ice to the injection sites before and after treatment vasoconstricts

and may decrease the pain of injection and the risk of swelling, oozing and

bruising. This is especially useful when treating the crow’s feet and infraorbital

areas. One additional method of reducing swelling is to advise patients,

if medically feasible, to discontinue aspirin, vitamin E and non-steroidal
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anti-inflammatory drugs at least one week prior to treatment. Some patients

may benefit from topical medication such as lidocaine. When applying topical

anaesthetics, it is important to identify patients with sulfa allergies. With the

exception of cocaine, most topical anesthetics are vasodilators and this may

reduce the efficacy of BOTOX�, thereby potentially increasing its migration to

unintended areas.

Prior to any facial injection, it is important to cleanse the area of any makeup

and lipstick and prepare the sites with alcohol. Makeup is a foreign substance

that may contain dyes and thorough removal of this is needed to avoid any

introduction into the injection sites. Be sure however, to allow the alcohol to dry

completely prior to injection, as there is a theoretical concern over the alcohol

inactivating the botulinum toxin.

Botulinum toxin A is commonly injected with a B-D 0.3 cm3 insulin syringe

with a short hub 31 g needle. The short needle minimizes the dead space of the

syringe and decreases waste. Other syringes designed to minimize dead space may

also be utilized. When using a syringe that has an integrated needle, fill it with

enough material to inject at six sites. When using a syringe that has interchange-

able needles, simply change the needle after about six injections to avoid using

a blunt needle to penetrate the skin. A novice injector may wish to mark anti-

cipated injection sites with a water-soluble pen, as this can be helpful for the

planning and accuracy of injections.

Patients are instructed to ‘exercise’ the muscles treated after treatment for

1.5 hours and to avoid bending, lying down, going to sleep, or physically exercising

for 1.5 hours to avoid the theoretical risk of diffusion.

15.3 BOTOX� in the glabella

15.3.1 General tips for treatment of the glabella

The glabella is currently the only FDA-approved site for cosmetic injection of

BOTOX� in the USA. As such, it is the most common site for patients

and physicians to begin treatment with BoNT-A. Injections of the small muscles

in this area are technically simple to perform and they result in a high degree of

patient satisfaction. Close attention should be paid to the eyelid and eyebrow for

possible ptosis and redundant eyelid skin that, if not identified and discussed,

can be a source for patient dissatisfaction following treatment. When static rhytids

are present, it is important to discuss the need for adjunctive fillers, such as

Restylane�, if the patient wants to eliminate all lines in this area. Stretching the

skin in this area will demonstrate that, even after treatment with BoNT-A, skin

creases may still be present at rest. Prior to treatment, the physician must explain
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that repeated treatments, performed at 3�4 month intervals, may further reduce

wrinkles in the areas treated. Patients need to be evaluated for medial recruitment

from the mid-brow area. When this occurs, the contribution this makes to frown

lines may be significant. Failure to discuss this and/or treat this component will

result in patients thinking that BOTOX� was ineffective. In reality, some of these

medial brow adductors should not be treated, as to do so might risk depression of

the medial and lateral brow. Medial recruitment is caused by hyper-functional

orbicularis oculi fibers just below the mid-eyebrow. Evaluation of the length and

direction of the corrugators and the prominence of the procerus and nasalis

muscles should also be performed prior to injection. A clear plan should be devised

and discussed that addresses the individual’s anatomy and concerns.

One recent study has shown that glabellar treatment may help convey positive

and relaxed emotions more accurately6 and that BoNT-A injections of the glabella

can be beneficial for patients, who believe their faces are not communicating

their emotions properly, want to delay the outward appearance of aging, or simply

want to look their best.

15.3.2 Glabellar anatomy

The anatomy of the glabellar area must be understood not as a group of

independent muscles but rather as a complex of inter-related muscles that must

be addressed in concert. Muscles between the brows depress the medial brow.

Reduction of these depressors results in a medial brow lift that is cosmetically

desirable. This effect is separate and distinct from reduction of the ‘scowl’ lines

associated with activity of these muscles. Due to the proximity of the forehead

musculature, treatment of the glabella may result in diffusion to the inferior fibers

of the frontalis � resulting in some degree of relaxation of lower and medial

aspects of this muscle. If significant diffusion to the frontalis occurs, the medial

brow lift may disappear as the brow elevators are weakened. Typically, weakening

of the inferomedial frontalis results in a compensatory overactivity of the superior

frontalis. This provides increased tone and a nice brow lift. This compensatory

activity may be the most important mechanism in producing the brow lift

recognized after glabella injection of BoNT.

Relevant brow anatomy is considered in two distinct aspects: the medial brow

and lateral brow. Medial brow anatomy includes depressor supercilii, procerus,

corrugator supercilii, frontalis (Figure 15.1). Lateral brow anatomy includes the

lateral portion of the orbicularis oculi and the frontalis muscles (Figure 15.2)

and it will be considered with the periorbital area.

The depressor supercilii originates on the nasal bridge and inserts into the

skin of the mid-brow area. It draws the middle and medial portions of the brow

inferiorly and medially. Corrugator supercilii also draws the mid and medial
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brow in these directions. It originates on the nasal bone and inserts into the skin of

the brow above the pupil. Variations in anatomy mean that the insertion point

into the brow may be more lateral in some people than in others. This variation is

occasionally responsible for movement of the brow even after the glabella has been

correctly injected. In addition to these two muscles, the third muscle that forms

the medial brow complex is the procerus. Unlike the other two muscles, which

tend to form vertical lines by drawing the skinmedially, the procerus tends to form

horizontal lines by drawing the skin inferiorly. As these muscles contract they form

etched-in lines perpendicular to the direction of their action. The procerus muscle

originates on the nasal bridge and inserts into the skin of the mid-glabella directly

above it. Treatment of this area with botulinum toxins typically addresses the

muscles in concert. Opposing these depressors is the frontalis muscle, which is

a brow elevator andmay be a solitary wispy sheet that invests the entire forehead or

it may be two muscles separated by a thin fascial component in the mid-forehead.

Figure 15.1 Photos on left: pre-treatment, a 36-year-old woman, arched brow,mid-frontalis musculature

most prominent, and muscular lines do not extend all the way up to the hairline. Photos on

right: 12 days after 18U BOTOX� using five injection sites, �4 units midline, 4 units about

2 cm lateral to midline (all three being about 4 cm above brow) and �3 units injected

laterally on each side (about 1.5 cm higher than medial injection points, and about 1.5 cm

medial to temporal fusion line). Note the preservation of the arched brow at repose and

the inferior frontalis musculature, which remains after treatment � allowing maintenance

of brow shape and position as well as expression. Photos: Joel L. Cohen, MD.
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15.3.3 Injection technique for the glabella

Variations in technique exist between expert injectors in the approach to the

medial brow complex. Many injectors will inject using 20�30U in five injection

sites7. Other injectors will inject this site with three injections, allowing diffu-

sion to treat the adjacent areas. Differences in muscle mass affect the amount of

toxin needed for relaxation of the muscles. Patients with hypertrophic muscles in

this area require higher doses of toxin and men will require more material

than women8.

The most frequent sites of injection are the following: upper procerus

(one injection), medial corrugator (one on each side) and lateral corrugator

muscles (one injection on each side). The lateral corrugator injection is placed

at least 1 cm above the orbital rim, in order to avoid diffusion to the adjacent

orbital septum. Diffusion to the levator palpebrae superioris muscle may

cause ptosis.

Adjustments may be made for prominent medial recruitment require 2�3U

about 1.5 cm above the bony supraorbital rim and for prominent procerus

activity (5�7U). The supraorbital rim is a reliable landmark and it, rather

than the eyebrow, should be used to identify locations for injections. Avoid

forceful injections in this area as this may increase the risk of diffusion as well as

increase the risk of bruising and headaches. During the injection, patients

are asked to frown, so that the length and direction of the corrugator can

be followed.

Figure 15.2 Crow’s feet photos: 9U BOTOX� into the crow’s feet � four at superior aspect, two mid,

two lower and one lateral lower lid. Photos: Joel L. Cohen, MD.
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15.3.4 Complications from glabella injections

Complications from injections of toxins to the brow area are rare. The most

common complications include headache, respiratory infection, a flu-like

syndrome, temporary eyelid droop and nausea9,10. Others include bruising or

temporary periorbital oedema (the incidence of which increases with increased

volumes of injection). When evaluating the actual incidence of complications,

it is worth noting that for BOTOX�, many of the complications listed in the

package insert were comparable to reactions seen with placebo. The management

of complications is critical to patient safety and satisfaction. Most complications

resolve spontaneously and require only patient reassurance.

Ptosis is the most unsettling complication seen with treatment of the gla-

bellar complex and its management is subject to debate. Oculoplastic surgeons

recommend treatment of ptosis with over-the-counter Naphcon A or apracloni-

dine hydrochloride (IOPIDINE� 0.5%Ophthalmic Solution), an alpha adrenergic

agonist. Beware however, that Iopidine may unmask an underlying glaucoma, so

this should be reserved for refractory cases. Untreated, the ptosis will resolve over

the span of a few weeks.

15.4 Prominent forehead lines

15.4.1 General tips

Prior to treatment, it is crucial to note the brow position, shape, degree of

blepharochalasis/dermatochalasis or scars using photographs, as post treatment

asymmetry or eyelid redundancy is much more easily explained with pre-existing

photos.

Women tend to have an arched brow whereas men tend to have a more

horizontal brow orientation. A female arched-brow may be preserved by avoiding

treatment of the lateral brow elevators and a weakening of the lateral brow

depressors. Since the lower 3 cm of frontalis elevates and shapes the brow, the

lateral 1/3 of this zone should be avoided in women to avoid brow heaviness.

15.4.2 Anatomy of the forehead musculature

The frontalis muscle normally varies significantly. The vertical orientation of

the frontalis muscle fibers allows it to function as a brow elevator. Knowledge

of its interaction with musculature of the medial brow and lateral brow allows

the skilled physician to tailor his or her technique to fit the goals and anatomy of

each patient. To activate the frontalis muscle, have the patient elevate their brows.

The frontalis muscle is continuous with the galea aponeurotica in its superior

aspect. Inferiorly, it invests the skin of the brow. Contraction of this muscle
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not only raises the brow but also creates transverse rhytids across the forehead.

The lateral border of the frontalis muscle is the temporal fusion plane. This plane is

the boundary between the frontal and temporal bones and is easily palpated in

most people. Inferior and slightly lateral to the temporal fusion line, the downward

pull from the orbicularis muscle counteracts the upward pull of the frontalis.

Understanding the interaction between these two muscles is critical when creating

a brow lift using botulinum toxins (Figure 15.3).

15.4.3 Injection technique: forehead

Injecting the frontalis muscle takes account of the anatomy and goals of the

individual being treated. Some patients desire to be wrinkle free. However this

should be avoided, as eliminating every wrinkle of the forehead can increase the

length of the forehead and neutralize the elevation needed by the brow to avoid

sagging. In order to preserve the lateral brow lift in a woman, a different injection

technique is required to that for a horizontal brow for a man. In a woman,

injecting near the temporal fusion plane should be avoided, allowing the lateral

brow to lift. In a man, one may inject a small amount of BOTOX� in the lateral

aspect of the forehead to produce a horizontal brow. In addition, injection of the

depressor component of the orbicularis should not be performed in a man, as it

will accentuate the brow lift by reducing the depressor action on the lateral brow.

When injecting the brow, it is best to avoid the most inferior rhytid in older

Figure 15.3 Lateral brow lift. Bottom: Pre-injection, note the upper eyelid redundancy (‘hooding’) present

just below the lateral brow. Top: Post-injection of 5U BOTOX� at a single point (described

above) at the lateral and inferior aspect of the lateral brow on each side. Photos: Joel L. Cohen,

MD.
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women, as this musculature elevates the brow. Removing this results in a

‘heavy’ brow that will need to be manually suspended for makeup to be applied.

Finally, for all forehead treatments, inject superficially, causing a bleb, rather

than injecting at the depth of the periosteum. Gently massage each of the blebs

for a few seconds after the treatment to facilitate some mild diffusion to these

large muscles.

When injecting a woman with minimal skin laxity, several injections are

made into the frontalis in a row that uses between five and nine injections.

Consideration must be given to particularly wide or tall foreheads as well as to

preferred hairstyles. Patients with tall foreheads will benefit from a second row

of injections superior to the first one. Wider foreheads require more injections

to cover the expanse. Failure to extend the injections laterally will result in

a ‘Mr. Spock’ brow, caused by untreated lateral frontalis musculature.

As one injects the horizontal lines, one should inject higher moving laterally.

In most patients, one should remain about 1.5 cm medial to temporal fusion line.

Medial injection points should be at least 3�3.5 cm above the brow. A 1 or 2 cm

dilution is appropriate and this dilution will reduce the chance of spread to

unintended muscles. Doses vary depending on size of forehead and muscle

mass. Treatment of the glabella can be accomplished at the same visit as the

frontalis treatment. Alternatively, injectors can first treat the glabella and have

patients follow-up 2 weeks later � which may potentially allow lower dosages

to then be used in the forehead as there will be some degree of spread to the

frontalis after the glabellar treatment. Pre-treatment marking during animation

will avoid injecting too inferiorly. Average doses for frontalis treatment in women

typically range from 10 to 30 units, whereas a man may require 20�40 units.

One study has shown that higher dosages in the forehead are clearly associated

with a longer duration of efficacy in this area10.

Inactivation of the medial frontalis causes a compensatory elevation resulting

in a rise of the lateral brow. This may be augmented when combined with an

injection of the depressor aspect of the orbicularis. When treating men, injections

of the brow should be more horizontal in men and should extend to the

lateral aspect of the brow (in contrast to injections of female brow where injections

tend to become more superior as the lateral brow is treated). Males recruit

more laterally than most women and are more likely to require an injection

of BoNT vertically above the lateral canthus at the orbital rim.

15.4.4 Complications: forehead

Complications that arise from injecting the frontalis include haematoma, brow

drooping and headache. One problem that is encountered is the ‘Mr. Spock’

brow that results when the lateral aspects of the frontalis elevate the lateral
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brow producing a quizzical look. This situation is easily rectified with about

2 units in the lateral temporalis. Another situation unique to frontalis injections

is an electrical shock sensation that occurs when the supraorbital nerve is hit

by the needle. Patients report a sharp pain that radiates along the distribution

of this nerve on frontal scalp. This situation is easily solved by avoiding injections

in the mid-pupillary line or avoiding injecting too deeply.

15.5 Crow’s feet and infraorbital rhytids

15.5.1 Anatomy of the periorbital area and of the eyelids

Variations of the lateral crow’s feet exist among patients11. The major muscle

affecting the orbital area is the orbicularis oculi, which is a thin band surround-

ing the eye. Its action is to constrict the skin surrounding the eye. Since it is

a circular muscle, its action is different in different areas. For example, inferior

to the lateral brow it works as a brow depressor. Its portion superior and lateral

to the pupil may potentiate frowning and, at times, be responsible for patients

that are able to frown after adequate injection of the glabella complex. The

pretarsal component of this muscle has important actions for maintaining

the shape of the periorbital areas. Without the actions of the orbicularis, there is

a risk of festooning12.

15.5.2 Injection technique for the periorbital areas

The single most popular injection of the orbicularis muscle is to prevent and

treat the lateral canthal rhytids commonly known as crow’s feet. Treatment for

these wrinkles has high patient satisfaction and is technically simple. Using

between 10�12 units of BOTOX� on each side, three or four injections are

made13. The injections should be made at least 1 cm lateral to the orbital rim to

avoid any unintended treatment of the ophthalmic muscles (which would produce

diplopia). Since the muscles are very superficial, injections may be made by

raising a wheal. At the inferior aspect of the treatment zone, care must be taken

not to treat every last wrinkle as this will treat the zygomaticus minor and

major, impairing the ability to raise the corners of the mouth and lips.

One of the most interesting and technically challenging aspects of injecting

the periorbital area is the brow lift for women seeking this treatment. Performing

this injection involves injecting approximately 3�6 units of BOTOX� into the

portion of the orbicularis that tugs the lateral brow down14. When done in

conjunction with injection of the medial frontalis, significant lateral brow

elevation may be achieved. In severe cases of eyelid redundancy, surgical

blepharoplasty is the treatment of choice.
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The lower eyelid may be treated using 2 units of BOTOX� placed subdermally

in the mid-pupillary line approximately 3�4mm below the lid margin15. When

this injection was administered in conjunction with treatment of crow’s feet,

the results were an improvement of infraorbital rhytids and a widening of the

palpebral aperture, especially on smiling. This treatment should be reserved for

those patients with minimal lower eyelid laxity.

15.5.3 Complications from injection of the orbital area

The most common complication from injections in this area is small hematomas

and bruises due to the rich vasculature of this area. More serious complications

include ptosis which occurs from injections that affect the levator palpebrae

superioris. Injections placed too inferiorly on the zygomatic arch may lead to

inability to raise the corners of the mouth or raise the lips and this can be most

unsettling for both physician and patient alike. Diplopia may occur from either

direct injection or diffusion that brings toxin in contact with the extraocular

musculature. Photophobia has also been reported.

15.5.4 BOTOX� for lateral brow lift

Elevation of the lateral brow tends to give the patient a more alert, open-eyed

look� one of the hallmarks of a youthful brow. Precise injections of BoNT-A into

the superior and lateral aspect of orbicularis oculi can impart an arch to many

brows. Specific injection sites are essential to locate and require some patient

participation to elicit the correct musculature on each side. The first step in

this procedure is to ask the patient to elevate their brow and find the temporal

fusion plane (where the lateral frontalis ends). Then ask the patient to close

their eyes forcefully and mark the site that the orbicularis oculi maximally

pulls the lateral brow inward and downward. Inject 4�6 units just inferior to the

point of maximal pull � making sure this point is at least 1.5 cm away (lateral-

inferior) from temporal fusion area elicited in step one14. This technique

can achieve a 2�3mm elevation of lateral brow. Fillers such as Restylane� may

be injected into the lateral aspect of the brow to alleviate upper lid redundancy.

Combination therapy with BoNT-A and filler may increase the duration of

response, as has been documented in other areas of combination therapy such

as the glabella.

15.5.5 ‘Bunny lines’

The upper nasalis muscle is responsible for the formation of ‘bunny lines’ at

the bridge of the nose that extend horizontally toward the medial canthus.

These lines may form a sharp contrast to a perfectly smooth glabellar area,

and may be seen as a sign of someone who has had glabellar and crow’s feet
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treated with botulinum toxin A. It is recommended that the nasalis be injected

in concert with the glabella. This muscle can be isolated for injection by having

the patient frown, smile or squint. The nasalis muscle is injected with approx-

imately 3�5 units of botulinum toxin A superficially at each medial proximal

sidewall of the bridge of the nose (Figure 15.4). Insertion of the needle must be

gentle and should be in the subcutaneous but not periosteal plane. Caution must

be exercised when injecting this area as an injection that is placed lateral to the

nasal sulcus may affect the levator labii superioris aleque nasi, resulting in a

drooping of the lateral lip. To complete this cosmetic unit, it is best to also treat the

procerus with 5�7 units as well to complement the glabella and nasalis regions16.

15.6 Lower face

Treatment of the lower face requires more advanced knowledge of injection

techniques as well as of the relevant anatomy. When considering the anatomy

of the lower- and mid-face, it is helpful to think about how injections will affect

the position of the mouth and how they will affect the contour of the lips. It is

also important to consider treatment of these areas in conjunction with soft

tissue augmentation.

15.6.1 General anatomy of the lower face

The corners of the mouth are moved by two sets of opposing muscles:

elevators and depressors (Figure 15.5). The major elevator of the lateral mouth

and cheek is the zygomaticus major. Medial elevation is accomplished by the

zygomaticus minor as well as the levator labii superioris and minor.

The orbicularis oris is a sphincter-like muscle surrounding the mouth. It is

responsible for pursing the lips resulting in perioral rhytids. Women frequently

Figure 15.4 A 40-year-old woman with prominent bunny lines treated with 4U BOTOX� to each lateral

nasal side wall (in addition, patient was treated in the crow’s feet with 12 units to each lateral

aspect of the orbicularis oculi). Photos: Joel L. Cohen, MD.
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complain that lipstick ‘bleeds’ into these lines and any improvement is greatly

welcomed by patients.

The position of the lips is also controlled by depressors that counteract the

elevator muscles. The depressor anguli oris will, over time, cause the lateral aspects

of the mouth and lips to turn inferiorly. This imparts a negative impression and is

a frequent impetus for patients seeking cosmetic improvement. The explosion

of filler substances available to use in conjunction with the toxins has greatly

enhanced our ability to treat these marionette lines.

The mentalis muscle lies at the most inferior portion of the face. It originates in

the incisive fossa and inserts into the skin of the chin and is responsible for the

appearance of lines in the chin area that are variously described as ‘pebble chin’ or

the more dreaded ‘scrotal chin.’ Treatment of this muscle relaxes the mentalis

and leads to significant improvement of the appearance of the chin.

Figure 15.5 Photos on left: pre-treatment, 42-year-old woman, moderate perioral lines with pursing

lips, no significant baseline imprinted superficial lines at repose. Photos on right: 14 days

post-treatment with 8U BOTOX� (10 injection sites, as diagrammed below). Note: post-

treatment lips appear fuller, especially with movement — likely a pseudo-augmentation

appearance due to upward pull of the remaining superior aspect of the orbicularis oris

from the levator labii superioris aleque nasi and zygomaticus insertions. In addition,

there is preservation of Cupid’s bow symmetry as midline philtrum is maintained.

Photos: Joel L. Cohen, MD.
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15.6.2 Lips

General tips for lips

The lips are a popular site for BoNT-A treatment in women. Patients seeking

correction of lip rhytids typically have many questions from the common

misconception that botulinum toxin A should not be used in the lower face.

Treatment with botulinum toxin A not only softens vertical lip lines, but also

provides the appearance of fuller lips. This results from diminishing the hollowing

appearance within the vertical muscular bands, offering a ‘pseudo-augmentation.’

Smokers tend to have more dramatic results than non-smokers. Patients with deep

perioral rhytids should combine botulinum toxin A with fillers, such as collagen or

hyaluronic acid. CO2 resurfacing is still a viable alternative for patients with

significant lines and botulinum toxin A will enhance and prolong the efficacy of

this procedure. During the consultation, it is important to explain that BoNT-A

will soften, but not completely prevent or obliterate vertical lip lines. It should also

be clearly explained and stated on consent forms that injecting lip lines may

decrease the ability to purse lips. This action is used for kissing or putting on

lipstick, whistling, drinking from a straw, and creating a seal around a spoon.

Knowing this, one should avoid treating patients who play a wind instrument or

plan on scuba diving or snorkeling in the next few months. In addition, such

pursing of the lips is required to some extent for enunciating words with ‘p,’ ‘b,’

and sometimes ‘j and g.’ You can illustrate this for patients by having them

say ‘peanut butter and jelly.’ Patients in professions that require perfect phonation

may not be good candidates for this treatment area.

The effect of treatment usually lasts several weeks less than in other regions,

averaging about 7�10 weeks duration of treatment in our experience17. In addi-

tion, because the dosages used are so small, these patients are followed up 2 weeks

after treatment to evaluate efficacy by comparing current photos to pre-treatment

photos, and touching-up if occasionally necessary. Treatment should involve

the upper and lower lip. In our experience, some of the patients who just wanted

upper lip treatment vaguely expressed that it ‘felt funny’ until the lower lip

was treated as well.

Injection technique for lips

Treatment of the lips usually hurts more than other sites. Thus, these patients

should ice the perioral area prior to the injection. Our usual 1 cm3 dilution for

other sites is diluted by a factor of 5 : 1 for the lips. The dose for this area being

only 6�9 units and we use the dilution to obtain a more even relaxation.

In the upper lip, two injection points are used. They are along the vermillion

border on each side of the upper lip spaced about 1.5 cm apart, as well as
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another more superior injection site between them 1 cm above the vermillion

border. Maintenance of symmetry is very important to ensure preservation of

the philtrum midline. For the lower lip, we inject only along the vermillion

border� using two sites on each side of the lip, also spaced about 1.5 cm apart.

Like the forehead, we press down on the injection sites for a few seconds after

the treatment to facilitate some mild diffusion.

15.6.3 ‘Gummy smile’

The ‘gummy smile’ refers to excessive showing of the gums above their maxillary

teeth (probably responsible for the expression of ‘being long in the tooth’).

This can be treated by targeting the levator labii superioris aleque nasi muscle.

This muscle may be identified by asking the patient to move the tip of his or her

nose18. Injection of between 1�3 units of BOTOX� at each superior medial

nasolabial fold will relax this muscle. Without the elevation provided by this

muscle the upper lip will be lowered enough to cover the upper portion of the

teeth while the patient is smiling. Improvement of this area may be enhanced with

a filler substance used adjunctively to diminish prominent superior nasolabial

folds. This treatment is best for younger patients with significant upper gum

show when smiling, sometimes called the ‘extreme canine smile.’ Caution should

be exercised when treating older patients as treatment can cause an accentuation of

mid-face flattening and cutaneous upper lip vertical elongation, which normally

occurs with aging, and may be undesirable in those patients. Treatment of the

levator labii superioris aleque nasi should be reserved for those physicians with

a great deal of experience injecting botulinum toxin A in the lower aspect of

the face. Complications seen in this area may include asymmetry of the lips

and depression of the corners of the mouth.

15.6.4 ‘Downturned smile’

The ‘downturned smile’ can misrepresent emotions, imparting a sad or con-

cerned appearance. This may be corrected with botulinum toxin injections of

the depressor anguli oris (DAO) muscle. This muscle can be identified for

injection by palpating along the jawline as the patient frowns or pulls down the

corners of the mouth. The average doses of BOTOX� is between 3�5 units

per side. Injections are made into the posterior-aspect of DAO. This permits

the zygomaticus muscle to act unopposed and elevate the corners of the mouth

to a horizontal, more aesthetically pleasing position. Great care should be exer-

cised in treating this area as a medial injection can diffuse to the depressor

labii inferioris causing slurred speech. This area should be avoided in patients

who play wind instruments, sing or are broadcast journalists or scuba divers.

342 K. Beer, J. L. Cohen and A. Carruthers



Perhaps more than any other, this area is typically treated in conjunction with

a filler such as Restylane�.

15.6.5 Mentalis-‘golf ball chin’

Excessive wrinkling of the chin is produced by the mentalis muscle, which

originates on the canine fossa and inserts into the dermis of the chin. This pebbly

appearance is made more prominent when speaking or chewing. Injections of

this area with BoNT-A will alleviate these rhytids and impart a more youthful

appearance to the lower face. The mentalis muscle may be triggered by asking

the patient to push his or her lower lip downwards. Injections of the area may

be made with 4�8 units BOTOX� injected at the bony part of the chin (either as

a single midline injection or as two injections approximately 1 cm apart)

(Figure 15.6). This treatment can also be used to soften mental crease. Be cautious

however, as too lateral an injection can diffuse to depressor labii inferioris,

resulting in slurred speech. Just above this area of musculature lies the mental

crease. Treatment of a prominent mental crease can be enhanced with fillers.

15.6.6 ‘ Vertical neck bands’ and ‘horizontal necklace lines’

After weight loss, chin/neck liposuction or general ageing changes, some patients

complain of prominent vertical bands in their neck. These hyperfunctional

platysmal bands differ from horizontal lines, which are believed to be from

prominent SMAS. The platysmal bands can be relaxed by experienced botulinum

toxin A injectors. The specific injection sites are determined at rest, and

Figure 15.6 A 52-year-old woman who complained of dimpling in her chin when speaking and chewing

gum. She was treated with two three-unit injections of BOTOX� into the mentalis (in

addition, her horizontal neck bands were treated the same day with a total of 10U BOTOX�).

Photos: Joel L. Cohen, MD.
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without animation. Typically 20�35 units total are used, with re-treatment

2�3 weeks later for undercorrection. Injections of between 1�3 units are spaced

approximately 1.5 cm apart along the band or horizontal line (Figure 15.7).

Grasp the band between thumb and forefinger and ensure that each injection is

superficially placed. Deeper or larger injections may possibly relax the platysma

enough to allow the elevators of the lower face to more effectively lift the neck and

jowls. However, one report of severe dysphagia occurred following injection with

60 units17. This patient required a nasogastric tube feeding for 6 weeks and

caution should be exercised when treating the neck. If a patient complains

of swallowing difficulties following a procedure they should be evaluated imme-

diately. Treatment should consist of soft foods, metoclopramide to stimulate

upper GI motility and ENT evaluation. This procedure is best for our young

patients with good skin tone, post-submental liposuction, or post-face/necklift.

15.6.7 Newer indications for treatment with botulinum toxins

Radish calf

Hypertrophic gastrocnemius muscles are the cause of psychological stress for

women affected by enlarged muscles of the calf area. BoNT-A has been used

to reduce the girth and improve the contour of the calves of oriental women.

One study treated so called ‘radish calves’ with botulinum toxin type A. (Ref.

PRS OCT. 2003) Doses ranging from 32, 48 and 72 units were injected into

the medial head of the gastrocnemius muscle. The results from this study

demonstrated an improvement of leg contour with a ‘slight’ decrease in girth.

Figure 15.7 A 56-year-old woman was treated with a total of 18U BOTOX� for vertical neck bands

present at rest. The right band was treated with 12U and the left band 6U. Photos: Joel L.

Cohen, MD.
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There was no apparent detriment to any functional component of the muscle

group and the improvement lasted for about 6 months. Not surprisingly, the

authors noted that there was a low patient satisfaction with this procedure as there

was apparently little change rendered by the treatment. Injections of radish

calves will most likely be limited to very select patients who are greatly distressed

by the contour and size of their calves.

15.6.8 Adjunctive uses of botulinum toxins

One of the most interesting aspects of botulinum toxins is their use in conjunc-

tion with other minimally invasive procedures such as injection of soft tissue

augmentation products and with lasers and other light sources. Combinations

of these procedures is virtually unlimited.

The use of toxins with fillers

The combination of fillers with botulinum toxins makes sense, as many patients

desiring treatment of dynamic rhytids also need volume replacement. From a

mechanistic perspective, the use of toxins makes eminent sense, as they will tend

to reduce the ability of muscles to pump fillers out of their sites of injections.

Among the fillers that are used with botulinum toxins include collagen, calcium

hydroxylapatite (Radiesse�), hyaluronic acids and poly-L-lactic acid (Sculptra�).

Permanent fillers that may be used with toxins include silicone and Artefill�.

Many of the dynamic rhytids treated with botulinum toxins will have some

static component at the time of treatment. Despite adequate inhibition of muscle

activity, these resting wrinkles persist. Fillers offer an additional opportunity to

correct the static rhytid. Areas amenable to correction with non-permanent

fillers and toxins include the glabella, periorbital area, mentalis, perioral area

and in limited cases, the nasolabial creases.

Materials used in conjunction with BoNT in the glabella include collagens

and hyaluronic acids. Although calcium hydroxylapatite may be used, caution

should be exercised when injected near the trochlear plexus of vessels. Collagens

that may be used for glabella treatment include those that are non-crosslinked

(e.g. Zyderm� I and II and Cosmoderm� I and II). Isolagen� will most likely

also be an acceptable filler for this area. The crosslinked collagens are not

recommended for this area.

Useful hyaluronic acid products in this area in concentrations between

5.5mgml�1 and 20mgml�1 include those that are animal derived as well as

those that are non-animal derived. Large particle size is best avoided for a filler

for the glabella.

More durable fillers such as Radiesse� may be used in the glabella in

conjunction with botulinum injections. Paralysis afforded by the toxin will
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allow the scaffolding of the calcium hydroxyapatite to remain relatively immobile

and may help to improve the ingrowth of fibroblasts and collagen. The major

caveat with using this product in this area is that injection of thick products has

resulted in intravascular injection of material with resulting necrosis of the skin.

In addition, the vascular plexus for the eye may be the unintended recipient

of filler via retrograde flow.

The same caution exercised when injecting the glabella when not using toxins

must also be used when providing combination therapy. Fillers such as silicone

and Artefill� should be used only by experienced injectors. Poly-L-lactic acid

should also be used by experienced injectors in this area.

When treating the glabella with a filler and botulinum toxin, it is recommended

that the filler be injected prior to the injection of the toxin. This will reduce the

risk of untoward migration and unintended paralysis of levator muscles.

The periorbital area may also benefit from use of toxins with fillers. As with the

glabellar area, fillers will help to alleviate the static component of the rhytid

while the BOTOX� will prolong the duration of the soft tissue correction by

decreasing the muscular pumping action.

Collagens have long been used to fill the periorbital areas. The thin skin of the

area mandates that one of the thinner collagens is used (such as Cosmoderm�

or Zyderm�). Using one of the crosslinked products is not recommended for

this area. Hyalouronic acids are also helpful for adjunctive treatment of this

area and products intended for superficial or mid-dermal placement (but not

deep dermal or sub-cutaneous placement) are tolerated well in these areas. As

with any periorbital injection, care should be taken to avoid intravascular

injection.

Rhytids of the upper lip are one of the best places to use combinations of fillers

and toxins. Patients that have static and dynamic perioral rhytids will greatly

benefit from the synergistic effect of the two treatments. Fillers that are effective

when used with botulinum toxins include collagens (the type depends on the

thickness of the wrinkle and of the skin) and the hyaluronic acids (particularly

ones with small particle size). Care should be exercised when using Sculptra� in

this area as it may result in subcutaneous papule formation. Silicone may be useful

as long as amicro-droplet technique is used and enough toxin is given tominimize

the risk of silicone migration during the encapsulation process. There is not

enough data to know whether Radiesse� may be used for this area, but, if one

uses toxin and allows the product to remain immobile, it might be an acceptable

long-term alternative.

Injection of the depressor anguli oris in conjunction with volume replacement

of the marionette lines is another combination that is synergistic. The toxin not

only helps to reduce the depressor function (allowing for less filler to restore
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proper positioning of the corner of the mouth) but will also decrease the muscular

pumping that tends to move fillers out of their intended locations.

Fillers used for the marionette lines include collagens, hyaluronic acids,

poly-L-lactic acid, silicone and calcium hydroxylapatite. As with other locations,

each has its relative risks and benefits for this location.

Mentalis creases are also ideally treated with combinations of fillers and toxins.

The use of typical amounts of toxin in this area will relax most of the dynamic

rhytids associated with muscle actions here. Depending on the degree of static

rhytids, fillers can often make the difference between a patient that is not

satisfied and one that is thrilled. As with the marionette lines, the choice of filler

for this area depends on the experience and preference of the physician and

patient.

Adjunctive use of fillers for neck treatment is an area that will most likely

receive attention in the future. One filler that seems to enhance the performance

of the botulinum toxins is poly-L-lactic acid, which adds volume to this area.

Hyaluronic acids, collagens, calcium hydroxyapatite and silicone are helpful

for treating this area but require large volumes.

15.7 Conclusions

Botulinum toxins are frequently used for cosmetic indications. Areas once

thought not to be amenable to treatment are now routinely treated. Newer uses

of these drugs in conjunction with other cosmetic procedures have enhanced

the utility not only of the toxins, but also of these adjunctive treatments. What an

exciting time to be in cosmetic dermatology!
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16

Other clinical neurological uses of
botulinum toxin

Michael P. Barnes
Walkergate Park, International Centre for Neurorehabilitation and Neuropsychiatry, Newcastle upon Tyne, UK

16.1 Introduction

This chapter will highlight some of the less common but nevertheless helpful uses

of botulinum toxin for a variety of neurological conditions. The list of potential

uses of botulinum toxin is growing each year and this chapter does not attempt to

offer a completely comprehensive guide to every case report in every potential

neurological condition. This chapter discusses the reasonably established use in

the following conditions:

• Tics

• Myoclonus

• Stiff person syndrome

• Parkinson’s disease

• Tremor

• Limb dystonia including occupational cramps

Each section will give a brief overview of the condition itself and then give some

thoughts with regard to the place of botulinum toxin in the treatment of the

condition. None of these conditions yet constitute a licensed indication for botu-

linum toxin type A or type B. Indeed the conditions and indications are so rare

that it is unlikely that definitive trials will be undertaken in order to satisfy the

licensing regulations. However, the lack of a license indication can still mean that

botulinum toxin may be a useful addition to our therapeutic armoury in these

conditions, which are often difficult to ameliorate.

16.2 Tics

16.2.1 Background

A tic is a sudden rapid recurrent non-rhythmic stereotyped motor movement

or vocalization1. Tourette’s syndrome is characterized by both multiple motor
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and vocal tics. Tics are extremely common in childhood and some studies indicate

a prevalence of up to a quarter of all children being affected at some point during

their childhood2.

Tics can range from simple to complex. Simple motor tics can just consist of

a brief movement such as blinking, grimacing or shrugging of shoulders. More

complex motor tics can involve elaborate stereotyped actions of whole limbs or

the whole body. The tics are involuntary but, in contrast to many other movement

disorders, can be temporarily suppressed but only at the expense of an increasingly

irresistible urge to perform the tic.

The cause of tics is unknown although almost certainly involves abnormal basal

ganglia function. An autoimmune cause for Tourette’s syndrome has been sug-

gested but has not been confirmed. A genetic predisposition to some forms of tic

is also likely and indeed the familial transmission of Tourette’s syndrome is well

established. However, no clear genetic cause has yet been determined. In a very

small number of cases the tic disorder is secondary to another underlying disease.

As in all movement disorders a drug cause should be excluded, particularly

neuroleptic medication.

16.2.2 Natural history

In the great majority of cases simple motor tics occurring in childhood will fade

during adolescence and not reoccur during adult life. However, as a generalization,

the more complex the tic then the more likely it is to extend into adulthood.

The prognosis is somewhat worse in boys than girls. It is also worse if the tic is also

associated with other problems such as obsessive compulsive disorder, self muti-

lation and attention deficit hyperactivity disorder (ADHD) � all of which can

occur in association with a tic. Rarely tics can occur in adult life when they are

usually secondary to another underlying cause, such as Huntington’s disease

or neuroacanthocytosis but in general movement disorders appearing for the first

time in adult life are unlikely to be tics.

16.2.3 Management

Children with mild tics probably need no treatment. Explanation, reassurance and

information are usually adequate. Indeed focusing too much on the condition can

cause additional stress and anxiety that can worsen the problem. The benign

nature of the condition and the high likelihood of remission should be empha-

sized. Tics should only be treated if they are severe enough to cause significant

disability. If treatment is necessary then clearly any medication needs to be com-

bined with appropriate counselling, explanation and information.

Treatment is usually focused on oral medication. Neuroleptics and a-2
adrenergic agonists are the mainstay of treatment, despite the fact that neuroleptic
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medication can also cause tics in a few individuals. Many centres would now

use risperidone or clonidine. Both agents have recently been studied in

comparison with placebo and shown to be equally effective3,4. Obviously adverse

events are of concern in children and such side effects include sedation, tremor and

depression � in those taking risperidone. Tricyclic antidepressants, particularly

desipramine can also be tried, as can methylphenidate1. The latter is useful in

children with Tourette’s syndrome in combination with ADHD. Improvement in

tics have also been reported with tetrabenazine, low dose dopamine agonists,

clonazepam and calcium channel blockers. However, robust studies are lacking

with many of these medications.

16.2.4 The role of botulinum toxin

Botulinum toxin has a small role to play in the management of tics. The obvious

difficulty is that tics are intermittent by definition whereas botulinum toxin lasts

for the entire duration of the treatment period of usually 10�12 weeks. This can

mean that although botulinum toxin can be useful for the tic itself that there is

a risk of unnecessary muscle weakness in between the tics. This can, of course, be as

disabling as or more disabling than the tic itself. However, if the tic is reasonably

localized to one or a few muscle groups then botulinum toxin can be considered.

This is particularly the case if individuals cannot be suitably treated with oral

medication, or develop unacceptable side effects with such medication. Simple

motor tics will tend to be better treated than more complex stereotyped tics which

often involve many muscle groups. Clearly there is a limit to how many muscle

groups can be effectively injected with botulinum toxin.

Many of the studies have been small scale and not controlled. However,

the efficacy has been confirmed. The largest study involved 35 patients (30 male

and 5 female) treated with botulinum toxin type A for the most problematic tics5.

The response to botulinum toxin was based on a 0�4 clinical rating scale

and the scale was supplemented by questionnaires to evaluate the patient’s

subjective impressions. The tics were well established with a mean duration of

15 years. The sites of injection differed considerably but most were in the cervical

or upper thoracic area (17 people), upper face (14 people) and lower face

(7 people). The response to the botulinum toxin was as expected in terms of

the duration of action, latency to onset and side-effect profile. The mean dose

used was around 100 BOTOX� units for each visit. A total of 21 people (84%) of

the 25 people with premonitory sensation derived marked relief of these

symptoms with a mean of 70.6 per cent benefit. The authors concluded that

botulinum was an effective and more tolerated treatment for motor tics

particularly for providing relief of premonitory sensations.
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Similar positive results were found by Marras and colleagues6. In this study

18 patients with simple motor tics were randomized to receive either botulinum

toxin or placebo in a double-blind cross-over design. The primary outcome

measure was the number of treated tics per minute on a video tape recording.

Other outcome measures included a numerical assessment of the urge to perform

the treated tic as well as record the premonitory sensation and global impression of

change. The reduction in treated tics per minute with botulinum toxin was

39 per cent versus a 5.8 per cent increase in the placebo phase. The average change

in urge scores was �0.46 in the treatment phase and þ0.49 in the placebo phase.

The other secondary outcome measures were not significantly different between

the two groups. The authors found that botulinumwas useful not only in reducing

tic frequency but also the urge associated with the tic. Other authors have found

similar positive benefits in small series7,8.

Some authors have also confirmed the benefit for vocal tics in the context of

Tourette’s syndrome. Porta and colleagues9 assessed the effect of botulinum toxin

on phonic tics in a total of 30 patients with Tourette’s syndrome. Each received

2.5 BOTOX� units into both vocal cords. In these patients vocal tics improved

after treatment in 93 per cent of cases and 50 per cent were tic free. Premonitory

sensation dropped from 53 per cent to 20 per cent. Quality of life measures

improved. Hypophonia was the only side-effect of note which occurred in

80 per cent of patients. This was a very encouraging result confirming the efficacy

and safety of botulinum in these circumstances. This larger scale study had built on

previous successful case reports10,11.

Thus, although a number of studies have confirmed the efficacy of botulinum

toxin, particularly for simple motor tics and vocal tics, there are no clear criteria

for patient selection. Sensible criteria would seem to be individuals with persistent

and disabling simple motor tics or vocal tics, unresponsive or poorly responsive to

oral medication or in those in whommedication produces undesirable side effects.

It could be argued that in those with disabling tics localized to just one or a few

muscle groups then botulinum toxin may be used as a first line treatment, given its

safety and excellent side-effect profile in contrast to the complex and troublesome

side-effect profiles of the oral medications.

16.3 Myoclonus

16.3.1 Background

Myoclonus involves sudden shock-like muscle jerks. The jerks are involuntary

and not associated with loss of consciousness. There are a number of different

classifications of myoclonus, some based on clinical features (e.g. generalized,
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multifocal, segmental or focal myoclonus) and others based on the proposed

pathophysiological mechanism (e.g. cortical myoclonus, reticular reflex myoclo-

nus, subcortical myoclonus, spinal myoclonus and peripheral myoclonus). Finally

there is a classification based on aetiology (see Table 16.1).

It is not the purpose of the section to provide a definitive review of myoclonus.

It is simply important to emphasize that there are a variety of different causes

of myoclonus, some of which clearly require specific treatments

Full investigation is important and should almost certainly include electro-

encephalogram (EEG) and magnetic resonance imaging (MRI) scans, particularly

for the assessment of brainstem and spinal segmental myoclonus.

16.3.2 Other treatments

Obviously some forms of myoclonus require a specific treatment, such as tumours

or arteriovenous malformations (AVMs), or attention may be needed to the

various metabolic causes such as liver and renal failure. Cortical myoclonus can

Table 16.1. Aetiology of myoclonus

Essential myoclonus

Myoclonic epilepsy syndromes

Acquired metabolic disorders Liver failure

Renal failure

Hyponatraemia

Post hypoxic myoclonus

Focal lesions of the brain Tumour

Trauma

Demyelination

Encephalitis

AVM

Ischaemia

etc.

Progressive cerebral disorders Alzheimer’s disease

Creutzfeldt�Jacob disease

Huntington’s disease

Corticobasal degeneration

Diffuse Lewy body disease

Spinocerebellar degeneration

Mitochondrial diseases and

neuronal storage diseases

Other rarer progressive

cerebral disorders
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respond very well to clonazepam, sodium valproate or other conventional anti-

epileptics. Piracetam has also shown to be effective in both cortical and subcortical

myoclonus12. Myoclonus with a neurophysiological origin below the cortex tends

to respond less well to antimyoclonic medication. However reticular reflex myo-

clonus can sometimes respond to clonazepam or fluoxetine and spinal myoclonus

can also respond to clonazepam13. Palatal myoclonus is a specific entity character-

ized by myoclonic jerking movements of the palate sometimes with synchronous

movements of the tongue, face, neck or arms. One form is associated with lesions

in the Guillain�Mollaret triangle (dentate�red nucleus�inferior olivary circuit).

It is sometimes associated with specific brainstem lesions such as demyelination

or cerebral ischaemic disease. It can respond to clonazepam, anticholinergic or

antidepressant medication.

More recently there has been some evidence of efficacy of levetiracetam

which is a novel anti-epileptic agent for various myoclonic disorders. Gamma-

hydroxybutyric acid (GHB) has also been shown to be efficacious in alcohol

sensitive myoclonic dystonia14. Alcohol can also suppress myoclonus in some

patients, particularly those with essential myoclonus. Zonisamide has been

particularly effective in progressive myoclonic epilepsy15. A recent review by

Agarwal and Frucht gives a good and up-to-date review of medication in the

treatment of myoclonus16.

Severe focal cortical myoclonus can sometimes respond to surgical resection

of the cortical lesion.

16.3.3 The role of botulinum toxin

There have been no controlled studies of the use of botulinum toxin for the

treatment of myoclonus. Most of the literature involves single case reports. Botu-

linum toxin is likely to be most useful when there is persistent focal myoclonus

in just one or a few localized muscle groups that has been resistant to oral

medication. For example Polo and Jabbari17 describe a 16-year-old girl with

a pulmonary vascular anomaly who suffered from an acute spinal cord infarct

at the age of 11. In addition to paralysis of the right leg and bladder problems

she also developed involuntary myoclonic movements of the left thigh confirmed

by electromyography. Treatment with botulinum toxin led to complete cessation

of the pain associated with these movements and a marked reduction in the

amplitude of the movements, both clinically and electromyographically. Lagueny

and colleagues18 report similar improvement after botulinum toxin injection of

the left trapezius for a patient with stimulus sensitive spinal segmental myoclonus.

Awaad and colleagues19 describe the use of botulinum toxin in nine children

with myoclonus of various aetiologies. The patient details are sketchy but they

report a ‘dramatic’ reduction of painful myoclonus with improvement of
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functional skills. Indeed one patient who was a non-ambulatory prior to treatment

was able to walk afterwards. There have also been a few case reports of the efficacy

of botulinum toxin for palatal myoclonus. Bryce and Morrison20 report two

patients injected with botulinum toxin into the tensor veli palitini muscle which

resulted in the relief of tinnitus and cessation of the palatal contractions. Two

other authors have demonstrated benefit for palatal myoclonus after injection into

the tensor veli palitini muscle and the levator veli palitini muscle at small doses of

BOTOX� (2.5 units in one case). These cases were associated with side effects of

nasal regurgitation and swallowing difficulties21,22. Obviously such injections

require considerable expertise and involvement of an injector with intimate

knowledge of the local anatomy.

In summary there are just a few case studies of the use of botulinum toxin

for myoclonus. Most forms of myoclonus respond quite well to oral medication

and botulinum toxin is likely to only be used in a few resistant cases with focal and

limited muscle spasm. The same problem applies to myoclonus as previously

described in tics. The myoclonus will tend to be intermittent and botulinum toxin

obviously has a longer term duration which can result in troublesome muscle

weakness in between the myoclonic jerks. Thus there needs to be a clinical decision

regarding the balance between potential benefits of muscle relaxation against

potential drawbacks.

16.4 Stiff person syndrome

16.4.1 Background

Stiff person syndrome is a rare progressive rigidity of the trunk and proximal limbs

often associated with stimulus sensitive spasms. It was first described by Moersch

and Woltman in 195623. The original case was a 49-year-old man with episodic

tightness of the neck muscles slowly spreading to involve muscles at the shoulder

and back and upper part of the legs over 4 years. The rigidity was produced by

continuous muscle contraction which obviously made voluntary movements slow

and awkward. Prolonged and painful muscle spasms were superimposed on the

background rigidity. Cases classically arise in mid-life and commonly involve the

trunk. There is often a hyperlordotic posture with severe rigidity of the lumbar and

abdominal muscles. Painful muscle spasms are often superimposed upon the fixed

rigidity. A variety of other associated features can occur including autonomic

dysfunction, ataxia and seizures.

The disorder is thought to be autoimmune in origin24. Antibodies to glutamic

acid decarboxylase (GAD) are found in many, but not all, cases. These anti-

bodies cross react with pancreatic islet cells and gastric parietal cells. There is an
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association with diabetes in about a third of cases. Other autoimmune disorders

can also co-exist. In some individuals the problem is paraneoplastic and associated

with different auto antibodies25.

The condition is sometimes subdivided into the stiff trunk syndrome and stiff

limb syndrome which simply describes the predominant areas of muscle stiffness.

A third variant is progressive encephalomyelitis with rigidity which is often

associated with more severe muscle rigidity and spasms and is characterized by

rapid progression but with clinical evidence of active encephalomyelitis. The onset

in such cases is sub-acute over weeks or months and obviously may be associated

with other neurological problems such as sensory disturbance and muscle weak-

ness due to the active encephalomyelitic process affecting the brainstem and spinal

cord26. There is an excellent review of stiff people by Thompson27. The review is

now a little out of date but nevertheless it is the most comprehensive review of the

subject.

16.4.2 Treatments

Standard medication for stiff person syndrome consists of the usual anti-spastic

medication. Oral and intrathecal baclofen have been used successfully as have

diazepam, tizanidine and clonazepam. However, reports tend to be based on

individual cases or small uncontrolled studies and there is no sound evidence base.

There are some reports of improvements with steroids and plasma exchange and

also from intravenous immunoglobulin therapy28. Most anti-spastic treatment is

sedative and given the severe spasticity high doses often have to be employed. Side-

effects, particularly sedation, are common.

The role of botulinum toxin

It is not surprising that botulinum toxin has been tried for the stiff person

syndrome. However, as the muscle stiffness is extensive in this syndrome it is also

not surprising that the effects of botulinum toxin have not been dramatic. Botu-

linum can only be used in a few muscle groups and cannot be injected throughout

the entire trunk and limbs. However, botulinum can be used to alleviate some

specific symptoms, particularly if a few muscle groups seem to be more trouble-

some than other areas. There is very limited published literature. Davis and Jebbari

produced the first description in 199329. This is a case study of a single individual.

Botulinum (BOTOX�) was injected into five sites in the lumbar paraspinal region

with around 20 units per site. There were no reported side effects and there was

some symptomatic relief in the injected areas. Ligouri and colleagues reported

a similar response in two patients30. A variety of muscles were injected in these

two individuals over a 2-year period. There was a significant cumulative dose

356 M. P. Barnes



of Dysport toxin (4200�5200) units. Relief of symptoms was reported in the

injected muscles with only minimal side effects.

However, it is not realistic to expect the botulinum will be a treatment in

isolation for the diffuse muscle spasm in stiff person syndrome. It is only likely

to relieve localized muscles and other treatments are likely to be needed in

addition. However, such localized pain relief and relief of muscle spasm may

produce worthwhile benefit in troublesome and severe cases. Botulinum toxin

is worthwhile in stiff person syndrome and in other disorders characterized by

muscle rigidity and cramps.

16.5 Parkinson’s disease

16.5.1 Background

Obviously botulinum toxin is not a treatment for Parkinson’s disease per se.

The mainstay treatment clearly still remains the use of dopamine replacement

therapy. However there are some troublesome symptoms in Parkinson’s disease

that may be alleviated by the judicious use of botulinum toxin. A brief résumé is

as follows.

16.5.2 Sialorrhoea (dribbling)

Dribbling is regrettably a common problem in Parkinson’s disease, particularly in

the latter stages. It is a major social embarrassment and often in itself a reason

for social isolation. The treatment of sialorrhoea is covered in Chapter 10 by

Alberto Albanese.

16.5.3 Dystonia

Dystonia can be a significant part of Parkinson’s disease either in isolation or as

part of the spectrum of dopamine-associated complications. If a dystonia coexists

then botulinum toxin should be the treatment of choice. The response for the

localized dystonia should be no different from other forms of dystonia but obvi-

ously the dystonia will only be one part of the whole symptom complex of

Parkinson’s disease and as such the alleviation of those symptoms may be less

dramatic than in isolated dystonia. The various forms of dystonia are described in

other chapters in this book and limb dystonia is described later in this chapter31.

16.5.4 Blepharospasm/apraxia of lid opening

Blepharospasm can also be associated with Parkinson’s disease. Occasionally the

problem can be so severe that functional blindness can result. Obviously some

alleviation can be gained bymanipulation of dopaminergic agents but, particularly
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in later stages, it can be extremely difficult to achieve a balance between

dyskinesias, including blepharospasm, and rigidity. If the problem is not remedi-

able by dopaminergic manipulation then botulinum toxin can be used for local-

ized improvement of the problem. The treatment in the context of Parkinson’s

disease is the same as idiopathic blepharospasm or isolated apraxia of lid opening

and the treatment technique and dosages are described in Chapter 13.

16.5.5 Isolated muscle spasm

Sometimes people with Parkinson’s disease have a troublesome muscle spasm in

isolated muscle groups. Clenched fist, for example, is not uncommon as is the

so-called striatal toe. In the latter condition the great toe is persistently and

painfully dorsiflexed. This can cause problems with footwear as well as worsening

balance and gait. The treatment of clenched fist is the same as treatment of upper

limb spasticity in the context of stroke or multiple sclerosis and is covered in

Chapter 8. The treatment of striatal toe consists of an injection of botulinum toxin

into the extensor digitorum hallucis longus. The muscle can usually be palpated

when it is in isolated spasm and clinical injection without electromyographic

(EMG) control is usually quite straightforward. However, EMG can also be used

for localization of the injection into the muscle belly. There are no controlled

studies but a dose of 100�200 Dysport units of botulinum toxin is probably

sufficient to alleviate the problem for the usual duration of 2�3 months.

16.5.6 Gastrointestinal problems

Constipation is extremely common in Parkinson’s disease. Chapter 14 outlines the

use of botulinum toxin for anismus. It can be a complication of Parkinson’s

disease and thus a cause of stubborn constipation. Obviously it is not the only

cause of constipation in the context of Parkinson’s disease but nevertheless for this

specific entity botulinum toxin may be useful32.

16.5.7 Freezing

Freezing is a common symptom of Parkinson’s disease and usually consists of

a sudden cessation of gait where both feet appear to be ‘glued’ to the floor. It can

occur at any time although it commonly occurs during initiation of gait or

a change of direction. Although freezing of gait is the commonest problem, it can

also occur in terms of speech or hand function, such as during writing or other

daily living involving hand function. Sometimes the freezing is irritating but only

transient and at other times it can be very functionally disabling and last for several

minutes. It probably occurs more commonly in other forms of parkinsonism than

in Parkinson’s disease and can be a particular problem in progressive supranuclear

palsy and multiple system atrophy. The phenomenon is sometimes related
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to dopaminergic dose variations, often occurring towards the end of dose but

often there is no clear pattern. It can sometimes be alleviated by dosage manip-

ulations but in many people can still remain troublesome even when there is best

possible balance between dopaminergic drugs over the course of the day.

The condition can often be helped by various cueing techniques. A simple

and useful technique is for the individual to imagine that they need to step over an

object. There are a number of other visual cue techniques including the use of

simple walking aids.

In 2001 Giladi and colleagues published a study demonstrating the efficacy

of botulinum toxin on gait freezing33. In this open study botulinum toxin was

injected into the calf muscles of 10 parkinsonian patients who demonstrated gait

freezing as a predominant symptom. Their response was assessed subjectively on

a four-point scale. Seven of the patients reported improvement in 15/17 thera-

peutic sessions. Four patients were markedly improved and the mean duration of

improvement was 6 weeks. The patients demonstrated definite deterioration after

the injections had worn off. One patient responded in an additional single blind

study with botulinum toxin injections but not to saline injections. This was an

encouraging early report and the authors suggested that before any firm conclu-

sions could be drawn further studies, particularly double-blind placebo-controlled

trials, would be required. In this case BOTOX� was used with a dose of 300 units.

The injection was mainly into the gastrocnemius/soleus/tibialis posterior and

extensor hallucis longus muscles.

16.5.8 Rigidity

Rigidity in Parkinson’s disease refers to a constant increase in muscle tone which

can be felt throughout the full range of passive movement. It is often described

as lead pipe rigidity when the resistance is uniform in all directions. Occasionally

there is superimposed tremor which gives rise to the term cogwheel rigidity.

Rigidity is well known as one of the key features of parkinsonism although it is not

pathognomic of the disorder. The most efficacious treatment of rigidity is manip-

ulation of dopamine replacement therapy. In the latter stages it can be very

difficult to get the most helpful balance between rigidity and dyskinesia and indeed

sometimes a good balance is not achievable. The rigidity is usually widespread and

botulinum toxin only has a limited role to play. However, if the rigidity is more

localized in one or a few muscle groups then botulinum toxin might be helpful.

There is only a very limited literature on the subject. Polo and Jebbari described

the use of botulinum toxin and rigidity in just two people with progressive

supranuclear palsy and noted marked improvement in both individuals34.

The same authors produced a further report the following year describing

a total of eight people with progressive supranuclear palsy as well as Parkinson’s
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disease and corticobasal degeneration. In this series they reported improvement

in 7/8 patients with regard to rigidity for 3�4 months. A variety of muscles were

injected, particularly in the arms35.

Finally, Vanek and Jankovic36 injected botulinum toxin into painful dystonic

areas in six people with corticobasal degeneration. Two reportedmarked improve-

ment of both dystonia and pain while the other four had less marked

improvement. There were no complications. Clearly further studies are required

but nevertheless for certain selected patients with marked and resistant rigidity

in localized muscle groups botulinum toxin may have a role to play.

16.5.9 Tremor

One of the major characteristics of parkinsonism is tremor. Dopamine replace-

ment therapy is the treatment of choice for parkinsonian tremor but occasionally

the tremor can be disabling and not responsive to drugs. Surgery can be very useful

but for such resistant disabling tremor botulinum toxin could be considered. The

treatment of tremor for a variety of conditions including Parkinson’s disease

is outlined in the section below.

16.6 Tremor

16.6.1 Background

Tremor can be defined as a rhythmic oscillatory movement of a body part.

There are various classifications and the commonest is a description of the tremor

according to the circumstances in which a tremor mainly occurs � rest tremor,

action tremor, postural tremor, intention tremor and task specific tremor. Other

classifications depend on the frequency of the tremor. Low frequency tremors

(around 2.5�3.5Hz) include tremors in association with cerebellar, brainstem

disease or dystonic tremor. Faster tremors (around 8Hz and above) include

physiological tremors, drug intoxication and primary orthostatic tremor. There

are a host of conditions which can cause tremor. The commonest cause of rest

tremor is Parkinson’s disease and the commonest cause of postural and kinetic

tremor is essential tremor. Less common causes include multiple sclerosis, drug-

induced tremors, cerebellar disease and alcohol-induced tremor, post-traumatic

tremor and task-specific tremors such as primary-writing tremor. It is not the role

of this brief article to discuss the differential diagnosis and investigation of tremor

but, as with myoclonus, it is worth emphasizing that the symptom of tremor needs

full neurological investigation. Some causes of tremor will have a specific treat-

ment but unfortunately most causes of tremor do not have a specific treatment

and symptomatic treatment is all that can be offered.
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16.6.2 Other treatments

Many mild tremors including enhanced physiological tremor do not need

treatment. Accurate diagnosis is still essential but if the symptoms are mild then

reassurance and explanation are all that may be required. Many people will be

concerned that they have Parkinson’s disease. Treatment of tremor usually focuses

on oral medication. Enhanced physiological tremor and essential tremor can res-

pond to beta-blockers. Sometimes these tremors are also very sensitive to alcohol.

Regrettably some of the tremors can be so sensitive to alcohol that there is a serious

risk of alcoholism. Primidone can also be a useful treatment for essential tremor.

However, side effects can be troublesome. Recent studies have confirmed the

efficacy of topiramate for essential tremor in doses of around 400mg per day.

Adverse events included appetite suppression with weight loss and parathesiae37.

Gabapentin has also shown recent promise, particularly for tremor in multiple

sclerosis and orthostatic tremor, although many of the studies have been small

and larger scale studies are required38. Atypical neuroleptics can also be tried for

essential and other tremors. Olanzapine showed some efficacy in a study of

37 patients39. Tremor of Parkinson’s disease will often respond to dopaminergic

agents, anticholinergic drugs or amantadine. If such therapy fails it is probably safe

to use beta-blocker therapy although a recent Cochrane review of beta-blockers

in parkinsonian tremor produced inconclusive results40. Other specific modalities

are the use of isoniazid for multiple sclerosis tremor and D-penicillamine in

Wilson’s disease41.

If tremors are drug resistant then stereotatic surgery can be used. Unilateral

thalamotomy can be efficacious but a number of studies have now shown the

usefulness of bilateral thalamic deep brain stimulation42. The technique has also

been used specifically in Parkinson’s disease with electrodes planted into ventral

intermedial nucleus of the thalamus43.

Overall the drug management of tremor is often disappointing and associated

with a number of side effects. It is often a matter of simply trying one medication

after another until the best balance between benefit and side effects is found. Thus,

the use of oral medication, whilst sometimes efficacious, can often be a long and

frustrating progress with eventually unsatisfactory results.

16.6.3 The role of botulinum toxin

A simple rationale for using botulinum toxin is to dampen the agonist and

antagonist muscles in an attempt to reduce the severity of the oscillations. It may

also be a valid principle to deliberately unbalance the agonists and antagonists

by injecting more botulinum toxin into one group than the other which can

have the effect of disrupting the tremor oscillations. The disadvantage of

botulinum toxin is clearly that muscle weakness may ensue, producing functional
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disability which may or may not be worse than the original tremor. However,

for a functionally disabling tremor that has proved to be drug-resistant treatment

with botulinum toxin is certainly worthwhile. Indeed, given the unsatis-

factory nature of oral medication, a severe localized disabling tremor might be

treated primarily with botulinum toxin given the safety and reversibility of the

injection.

There are no clear published protocols of when botulinum toxin should be used

in the context of tremor and at the moment such decisions need to be based on

clinical judgement. The first description of botulinum toxin treatment for tremor

was published by Jankovic and Schwartz in 199144. This was a report of an open

trial of botulinum toxin (BOTOX� variety) in the treatment of 51 people with

disabling tremors including dystonic tremor, essential tremor, parkinsonian

tremor and tremor secondary to brain tumour. The average age of the patients was

around 56 years with a long duration of symptoms of around 14 years. Thirty-five

patients (67%) reported improvement with a latency of 6.8 days and an average

duration of improvement of around 10.5 weeks. The expected range of side effects

was noted including dysphagia, when injected for head tremor, as well as transient

neck weakness and local pain. Six patients (60%) of those with hand tremor noted

transient focal hand weakness. However, the results of this pilot study certainly

indicated that the botulinum toxin injections could be used to control tremor

when other forms of therapy had failed. Other more specific and better controlled

studies followed.

Pahwa and colleagues published the results of a double-blind placebo-

controlled study on the effects of botulinum toxin in patients with essential

head tremor45. Each subject received two treatments, one with botulinum toxin

and one with normal saline into the stylomastoid and splenius capitis muscles for

essential head tremor. There was marked to moderate improvement in clinical

ratings in five subjects after botulinum toxin and just one subject after placebo.

There was marked to moderate subjective improvement also in five patients with

botulinum toxin and three with placebo. The side effects were mild and transient.

Although the results were not dramatic the authors concluded that botulinum

toxin could be useful for those with essential head tremor who have failed to

benefit from oral medication.

Slightly more promising results were produced by Jankovic and colleagues in

1996 in the context of essential hand tremor46. In this study 25 people with hand

tremor, of moderate to severe severity, were randomized to receive either 50 units

of BOTOX� or placebo injected into the wrist flexors and extensors of the

dominant limb. Rest, postural and kinetic tremors were evaluated at 2�4 week

intervals over a 16-week study period. A significant improvement in the tremor

severity rating scale at 4 weeks was noted after the injection in people treated with
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BOTOX� compared to the placebo and it was maintained for the duration of the

study. In total 75 per cent of the botulinum-treated patients improved compared

to 47 per cent in the placebo group. There were reports of finger weakness but

there were no severe or unexpected problems.

Further larger scale studies followed and one of the largest published so far is

by Brin and colleagues47. In this study 133 patients with essential hand tremor

were randomized to low dose (50 BOTOX� units) or high dose (100 BOTOX�

units) or placebo treatment. Injections were into the wrist flexors and extensors.

Both doses of botulinum toxin significantly reduced postural tremor on the

clinical rating scales after 4 weeks although measures of motor function were not

consistently improved with the botulinum treatment. Grip strength was reduced

compared to placebo group. Other measures confirmed the efficacy of botulinum

toxin type A for essential hand tremor in terms of significant improvement of

postural tremor but not kinetic tremor, with only limited results in terms of

function and efficacy. However, it is fair to point out that there are few valid

reliable hand function scales that are capable of showing change in the context of

tremor. In the absence of such robust objective measures of functional disability

then patients subjective opinion needs to carry significant weight. In this context

Pacchetti attempted to demonstrate improvement of activities of daily living self-

questionnaire scores and severity tremor scales in an open study of 20 patients

with disabling essential tremor. After botulinum toxin treatment there was a sig-

nificant reduction in both severity and functional rating scale scores and tremor

amplitude as measured by accelerometry and EMG. The authors used accel-

erometry and surface electromyography to identify the arm muscles with

tremorogenic activity. Adverse events were again limited to a slight degree of

finger extension weakness48.

The use of EMG recordings for determining muscles to be injected is not

uniformly accepted in the literature. Some authors use clinical landmarks for

palpable tremor oscillation whilst others use EMG recordings. Some use a com-

bination of both techniques. Wissel and colleagues used both clinical muscle

palpation and standardized simultaneous electromyographical recordings to

determine where to inject in 43 patients with significant head tremor49. There

were 29 patients classified as either suffering from tremor or cervical dystonia and

14 with head tremor without dystonia. They received a mean dose of 400 Dysport

units of botulinum toxin (range 160�560) distributed between the two splenius

capitis muscles. A mean of three muscles were injected for more complicated

problems with tremorless cervical dystonia. The condition of all patients with head

tremor and 26/29 patients with tremorless cervical dystonia improved subjectively.

The total on the Tsui scale as well as pain scales also decreased significantly

following treatment.
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There is no clear basis in the literature for determining the muscles to be

injected and in the present state of our knowledge we must depend on clinical

judgement. However, in general terms a ‘no�no’ head tremor will probably

benefit from a bilateral injection to the splenius capitis and/or the sternomastoid.

The ‘yes�yes’ head tremor may benefit from the same muscle injections in addi-

tion to bilateral semi spinalis. Hand tremor would usually involve injections into

flexor carpi radialis and flexor carpi ulnaris as well as extensor carpi radialis and

extensor carpi ulnaris. The technique for muscle selection and identification of the

muscles is obviously the same in tremor as it would be for arm spasticity or cervical

dystonia� as described in other relevant chapters in this book.

Finally, some other specific tremors have been reported to improve following

botulinum injection. Hertegard and colleagues reported an improvement in

essential voice tremor50. Fifteen patients with a diagnosis of essential voice

tremor were treated with botulinum toxin injection into the thyrohyoid

muscles and in some cases the cricothyroid and thyrarytenoid muscles.

Evaluations were based on subjective judgement by the patients as well as

perceptual and acoustic analysis of voice recordings. Subjective evaluations

showed benefit in 67 per cent of the patients. Perceptual evaluation shows

significant decrease in voice tremor during speech. Acoustic analysis showed

a significant decrease in fundamental frequency during sustained vowel

phonation. The authors concluded that the treatment was successful in around

50�65 per cent of the patients depending on the method of evaluation.

Improvements in central palatal tremor have also been reported in case studies

in a similar fashion to the related condition of palatal myoclonus (see above). The

rare condition of hereditary trembling chin has also been reported to improve with

the use of botulinum toxin injections. This is an autosomal dominant condition

characterized by recurrent bouts of tremor involving the chin and there was a

report of one such family being treated successfully with botulinum injections into

the mentalis muscle51.

There are limited reports on the efficacy of botulinum toxin injections for

disabling stuttering52. Brin and colleagues also treated 14 adults with persis-

tent glottal block who previously failed standard speech therapy. A total of

125 BOTOX� units were injected into the thyroarytenoid (vocalis) muscle.

Improvement in fluency was documented by a number of rating instruments.

Overall there is sufficient literature on the treatment of tremor with botulinum

toxin to merit a trial of this therapy, after failure of medication. There are no clear

protocols for the muscles that should be injected and at which dose and, at the

present state of our knowledge, treatment still has to rely on experience and

a certain amount of trial and error.
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16.7 Limb dystonias and occupational cramps

16.7.1 Background

The commoner forms of dystonia have been described in Chapters 6 and 7.

However dystonia can affect any group of voluntary muscles. The commoner

forms that have not been described in preceding chapters are the focal limb

dystonias, especially of the lower limb and commonly involving the foot and the

ankle. The other important group of dystonias are those that are secondary to

a particular task, mainly involving the arm and hand. The limb is relatively normal

at other times. The commonest of these task specific dystonias is writers cramp but

there are other types. This section will briefly look at the efficacy of botulinum

toxin for focal limb dystonias and task specific dystonias.

16.7.2 Focal limb dystonias

Any voluntary muscle can be affected by dystonia. Whilst the potential range of

limb dystonias is wide and varied, the commoner dystonias involve the ankle,

usually with inversion and plantar flexion. Other dystonias include dorsiflexion of

the great toe (striatal toe� see Section 16.5) and dystonia in the arm, particularly

involving finger and elbow flexion or extension and sometimes proximal dystonias

involving the shoulder. As with all dystonias the conditions need full evaluation.

In those with hemi-dystonia an MRI scan may be worthwhile to detect contra-

lateral cerebral pathologies such as tumour or AVM. However, in common with

other forms of adult onset focal dystonia, there is often no specifically treatable

condition found. Primary treatment of choice in such cases is probably botulinum

toxin even though there are no large placebo-controlled studies confirming

efficacy in these rare conditions. However it is not unreasonable to assume similar

efficacy and safety as in other dystonic conditions.

Often the goal of treatment will focus on improvement of function but another

goal can be alleviation of pain. It is preferable to have some form of objective

assessment but this is often difficult. Range of movement could be recorded

or other simple functional measures made such as a timed 10 metre walking test

for those with focal foot dystonia. A simple visual analogue scale can be used to

monitor an effect on pain. Patients’ subjective impression of improvement should

not be forgotten as a valid measure of efficacy.

Obviously botulinum toxin should be injected into the muscles most involved

in the dystonic process. There is no clear evidence that EMG guided control

provides better efficacy than clinical identification and palpation of the muscles

by known surface landmarks. In the absence of evidence it is probably valid to use

clinical identification in the larger muscles with clear cut surface landmarks but
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use stimulation or EMG guided techniques for smaller muscles which are more

difficult to locate or in those in whom the anatomy is distorted. The dose of

botulinum toxin injected will depend on the size and number of the muscles

involved and the number of necessary injection sites. A typical dose may range

from 100 Dysport units (around 25�30 BOTOX� units) for forearm flexor or

extensor muscles up to 200�250 Dysport units (around 75 BOTOX� units) for

larger calf muscles, such as the gastrocnemius. Lower doses clearly need to be used

for the small muscles of the hand or feet and larger doses for the larger muscles,

such as quadriceps and hamstrings. In general, the recommendations outlined in

the spasticity chapter will apply to dystonic muscles in the limbs. There are really

no studies of large numbers of individuals to determine the efficacy but

improvement in pain and function would be expected in the majority of patients.

The onset of duration of action and side effects will be as expected with the

commoner forms of injection. The only likely functional problems following

injection in the limbs would be the induction of unacceptable limb weakness and a

balance needs to be determined between benefits of muscle relaxation compared to

the drawbacks of such relaxation. However, the safety and efficacy of botulinum

toxin would usually result in a relatively low threshold of trying the effect of

botulinum toxin for focal limb dystonias.

16.7.3 Occupational task specific dystonia

Task specific dystonias are a fascinating group of conditions characterized by focal

action dystonia, usually of the arm. It is usually restricted to a particular task, often

occupational or recreational in origin. There are many examples cited in the

literature. The commonest and best known is writer’s cramp but there are many

others often involving musicians (pianists, violinists, drummers, saxophonists,

cellists and others). Other varieties are found in sportsmen such as golfers (yips),

snooker and dart players and specific professions such as typists, painters, letter

sorters, shoemakers, stonemasons, watchmakers and many others. The onset of

automation is probably responsible for reducing the incidence of such conditions.

The great majority of publications have been related to writer’s cramp and this

brief section will review the use of botulinum toxin in this condition. However,

the same principles apply to other conditions and it is likely that other conditions

will share the same efficacy as well as the same problems that are associated with

the treatment of writer’s cramp.

Although writer’s cramp is described in the nineteenth century, the first

large scale descriptive study was produced by Sheehy and Marsden in 198253.

The condition is uncommon with an estimated prevalence of around 1/37 000

individuals. Our own epidemiological survey in dystonia in the town of
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Darlington in North East England showed this prevalence with an average age

of onset of 37 years and time to diagnosis of just over 6 years54.

In most individuals the dystonia occurs just during the act of writing and all

other tasks are normal. However, in some people other hand tasks are also

involved from the beginning, albeit to a lesser degree. In some individuals the

condition is somewhat more progressive and begins as a task specific problem but

becomes non-task specific and a more permanent dystonic feature over time. It is

slightly commoner in men than women and there is occasionally a family history.

The condition usually begins gradually and often there is no obvious precipitating

cause. However, some do report some minor trauma to the limb that appears

to have started the condition.

The condition is characterized by difficulty writing. The muscles of the forearm

and hand will tend to tighten as soon as a pen or pencil is grasped. The muscle

spasm can spread to involve the whole arm, even the proximal muscles. The con-

dition is not usually painful but nevertheless is uncomfortable. The hand and arm

can adopt most abnormal postures whilst the individual tries to write. The muscle

spasms then characteristically cease as soon as the pen is released. In many people

the writing eventually becomes slow, painful and often illegible. In common with

cervical dystonia some individuals find a sensory trick that can alleviate the

problem such as gently touching part of the hand. Many people experiment with

altering the grip, changing hands or writing with thicker pens or adopting a dif-

ferent writing style. Sometimes these measures produce longer term success but

often only result in temporary alleviation. Although many individuals can now

perform writing tasks through the computer keyboard there are still a number of

occupations in which writing is essential. In any case even if the occupational

changes can be made then social tasks, such as writing a cheque, can become

disabling for many people.

Unfortunately the chance of remission is poor. Although few actually give up

writing completely, a significant number have long-term problems and major

social difficulties. Remission is most unusual. In some individuals the problem is

compounded by a primary writing tremor.

The diagnosis is usually made from the history and simply watching the patient

write. Occasionally focal neurology can confuse the diagnosis such as peripheral

nerve entrapment, radiculopathy or other overuse disorders such as tenosynovitis.

Other investigations are rarely needed but might include nerve conduction studies

and EMG to aid with a differential diagnosis.

16.7.4 Other treatments

In milder cases the best treatment is probably further experimentation

with different hand postures and writing styles. Oral medication is associated
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with a very poor response rate and often with unacceptable side effects. Overall

only around 20 per cent of individuals can eventually find some oral medication

that is of benefit to them without unacceptable side effects53. A wide variety of

drugs can be used. Probably the more efficacious are anticholinergic agents. Other

possibilities include anti-spastic drugs such as baclofen, tizanidine and dantrium

as well as gabapentin and clonazepam. There have been individual case reports of

treatment with other physical modalities such as biofeedback and relaxation

techniques. However, regrettably no oral medication or other physical treatments

have been subject to any robust trials. No clear preference of one modality above

another can be recommended from the literature.

16.7.5 The role of botulinum toxin

Botulinum toxin may be helpful for task specific dystonias by selectively reducing

muscle overactivity. Obviously the drawback of this treatment is the muscle

weakness that may be induced. This is particularly a problem for the intermittent

task specific dystonias where the dystonic problem only occurs during a particular

task and obviously the patient does not wish to have a relaxed and weaker muscle

during other activity. This is the main effect that limits both the efficacy and the

dosage that can be employed. The other main difficulty of botulinum toxin treat-

ment is identifying the correct muscles to be injected. It is anatomically difficult to

identify the muscle but more particularly it is difficult to know which muscles are

primarily involved in the dystonic process and which may be secondarily involved

in terms of antagonizing the action of the primary muscles. The crude overall

efficacy of dystonia for writer’s cramp is in the order of 50 per cent as an ‘average’

of the existing literature. That is half the individuals injected will have sufficient

benefit to wish for a repeat injection whereas the other half will have only limited

benefit, no benefit or even find that their overall functional abilities are worse.

However, this response rate is much superior to other treatment modalities.

Probably botulinum toxin would be the first choice for the treatment of writer’s

cramp and other task specific dystonias�when the problems are sufficiently

disabling to warrant any treatment at all.

Early open label studies showed good results. One of the earliest by Poung-

varin55 described treatment of 25 patients with writer’s cramp. The mean age was

nearly 37 years and the mean duration of the problem was nearly 6 years with

a range of 1�30 years. The majority had simple writer’s cramp (72%) and the

remainder had dystonic writer’s cramp. Twenty-one patients were eventually

injected with 2�4 divided doses into the overactive forearm muscles observed

during writing but without EMG guidance. Two-thirds of the subjects showed

definite improvement in handwriting whilst the rest only improved minimally

or not at all. Arm pain in patients who had such a symptom was abolished.

368 M. P. Barnes



About a third had transient finger, hand and armweakness. In the same year Rivest

and colleagues56 showed subjective improvement in 92 per cent of 12 patients

and such improvement was significant in the majority. Other open label studies

showed similar levels of improvement.

There have been very few placebo-controlled blinded trials. Results have been

somewhat mixed and a study by Tsui and colleagues57 showed only 6/20 patients

reporting improvement although 12 demonstrated improvement in a computer-

ized test of pen control. This demonstrates the subjective nature of the problem

and emphasizes the need to listen to the patient rather than rely on objective

testing. A somewhat more positive result was reported by Cole and colleagues58.

This was a study of just 10 patients and objective benefit was confirmed in eight

patients. In another study 7/9 patients improved59. Some individuals would be

quite happy with modest improvement which is enough to enable them to write

their signature, for example. Others require a high degree of skill and precision

as part of their job. This particularly applies to professional musicians affected

by task specific dystonia. Many depend on a very high degree of hand and arm

co-ordination in order to play at a professional level. Obviously these individuals

are far more critical of the response than those with lesser occupational needs.

The author recalls a professional accordion player who had had to stop playing

all together because of his dystonia. Botulinum toxin injection improved the

condition sufficiently for him to take up the accordion again but he never

achieved the same level of professional expertise and was forced to retire from

professional playing. Many would have considered his treatment a success but

obviously in terms of his own high standards and professional abilities this was

not the case.

The injection technique in writer’s cramp is frankly fraught with problems. The

best idea of the muscle to be injected can be gained from prolonged observation of

the individual during a number of different writing and drawing tasks. Probably

the commonest pattern is flexion of one or more of the fingers at the same time as

extension of the wrist. However, a number of flexor and extensor patterns are

possible. However, many postures are simply compensatory for the dystonia and

analysis of the muscles primarily involved can be very complicated and often is no

more than inspired guesswork.

The author’s own experience and the review of the literature indicates that most

benefit probably ensues from injection of the forearm flexors and extensors rather

than attempts to inject the smaller muscles of the hand. It is probably reasonable to

suggest that EMG is difficult to use to choose the muscles for injection but EMG

may be useful for guiding the injection into the required target muscles which have

been identified by clinical observation. The value of EMG for selecting muscles

in comparison to pure clinical observation has not been robustly studied.
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There is certainly no substitute for a working knowledge of the normal actions

of the muscles of the hand and their surface anatomy. It is, of course, quite possible

that precise localization is not essential as the toxin in any case will spread at least

a few centimetres from the site of the injection. There is no clear consensus on the

dose to be used. A reasonable starting dose for the extensor and flexor muscles

of the forearm would be in the order of 50 Dysport units (10�15 BOTOX� units)

with perhaps 1�2 injections per muscle. Many individuals would inject with a

needle that could also record EMG or can help localize the muscle by electrical

stimulation. Others would use simple clinical palpation and surface markers.

The injected volumes are likely to be small and dilutions of one vial of Dysport

(500 units) or BOTOX� (100 units) with 2ml of normal saline are probably

acceptable. However, there is no study that has compared different dilutions in

terms of overall efficacy.

Overall, the treatment of task specific dystonia is not entirely satisfactory.

However, botulinum toxin clearly has advantages over other treatment modalities

in terms of overall response rate. There are no clear protocols for the technique

and injectors must rely on a considerable amount of clinical experience mixed

with a little inspired guess work. However, the technique is safe and associated

with few side effects and certainly worth trying in these disabling disorders.
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achalasia 64, 283, 318
Action Research Arm Test 152
acupuncture 87
acyclovir 177
adenosine triphosphate (ATP) 301
adenovirus 40
adipocytes, effect of botulinum toxin on 38
adrenergic agonists and antagonists

a- 294, 297, 334, 350
b- 230, 361. See also specific drug

adrenoreceptors 303
AIDS 85
akinesia 204
alcoholism 317
alfusozin 295
Allergan, Inc. 4, 28, 29, 33, 59, 252, 256, 288,

309, 313
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management of 244
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239, 290, 352
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for acute daily headache 234
formulation 34–6. See also botulinum toxin
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fragments, engineering of 36, 39
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heavy chain 39–40
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immunoresistance. See immunoresistance to

botulinum toxin
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Clostridium barati
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as a vaccine 2, 6. See also BOTOX�; botulinum

toxin type A; botulinum toxin type B;
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back pain 28, 245, 250–1, 253–5
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blepharospasm 3, 4, 6, 28, 54, 60, 61, 263, 274,
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191, 193, 213, 231, 329
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migraine headache 28, 64, 237, 239
pain 231, 236–7, 250
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spasticity 69, 123, 127, 134, 141, 143, 146,
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strabismus 3, 5, 27, 28, 64, 263–9
tears 279
tics 65, 350–2
tremor 7, 361–4
whiplash 249, 252–3

botulinum toxin type A
approved indications 29
assays 30
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commercial sources for 3, 5
cosmetic uses. See face: treatment of
dosage. See botulinum toxin: dosage
duration of 17, 185
endocrine cells responses to 15
for acute daily headache 235
for migraine headache 231
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from Centre for Applied Microbiology and

Research 28
gene for 33
manufacturing specifications for 33
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botulinum toxin type B
approved indications for 29
distribution 29
dosage. See botulinum toxin: dosage
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for cervical dystonia treatment 93
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formulation 29
for hyperhidrosis 192–3
for pain management 251
gene for 33
history of 3, 5
manufacturing 29
side effects of 93. See also BOTOX�
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botulinum type E 19, 29, 49
botulinum type F 19, 29, 49, 54, 191
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biological warfare and 27
cause of 27. See also Clostridium botulinum
epidemiology of 33
history of 1, 2, 211
immunization to 45,

46. See also immunoresistance to
botulinum toxin
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neurotoxins of. See botulinum toxin
prevention of 46
symptoms of 12, 21, 37
wound 27
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brow
fillers for 338
lift 335, 338. See also face: treatment of

bruxism 65

calcitonin gene related peptide (CGRP) 175, 231
calcium channel blockers 230, 351
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calmodulin 302
calponin 302
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cation channels 9
Centre for Applied Microbiology and Research

(CAMR) 4, 28
cerebellar granule cells 19
cerebral palsy

BOTOX� for 3, 64
guidelines for treating 75, 205
in children 6, 205
spasticity in 122

cervical dystonia
aetiology of 80, 85–6
botulinum toxin for 3, 28, 46–8, 51, 60, 64, 72,

80, 81, 86–7, 91–3, 95–102
classification of 5, 80–4
diagnosis 84–6
disability from 82, 83
dosage recommendations for 61, 99
dosages of botulinum toxin for 60
Dysport� use for 28, 80
epidemiology 81, 84
indications for botulinum toxin treatment 95
management of 5
muscles commonly involved in 14
natural history of 81
non-botulinum toxin treatments for 87–9
prevalence 61, 81
provocative and palliative factors in 83
rating scales for 100
remission and relapse of 81
resistance to botulinum toxin therapy in 80, 87,

92–3
social embarrassment from
symptoms of 81, 82, 86
surgical treatment for 81, 89–91

China, type A toxin products from 29, 35, 59
cGRP 15
chloroquine 74
cholelithiasis 317
chromaffin cells 19
chromhidrosis 191, 192. See also hyperhidrosis
chronic pain. See pain: chronic
Clinical Standards Advisory Group (CSAG)

243–5
clonazepam 88, 351, 354, 356, 368
clonidine 351
Clostridium barati 9
Clostridium botulinum 1, 2, 9, 27, 33, 36, 67,

250. See also botulinum toxin:
manufacturing processes

Clostridium butyricum 9
clozapine 89, 204, 208, 213
cocaine 330
codeine 246
collagen 345, 347
compound muscle action potentials (CMAPS) 52
computed tomography (CT) 71, 86, 143
constipation 64, 88, 292–4, 312–14. See also anal

disorders and their treatment; Parkinson’s
disease

convergent squint 264
Corynebacterium 192

cosmetic uses. See face: treatment of
Cosmoderm� 345, 346
cramps
occupational 366–70
writer’s 7, 64, 366–9

Creutzfeldt�Jakob disease 85

dantrium 368
dantrolene sodium 134–6
deep brain stimulation (DBS) 90, 91
Dermatology Life Quality Index 179
desipramine 3
diabetes 177, 189, 190, 356
diazepam 247, 356
diffusion margin for botulinum toxin 63, 74
Digit Abduction Score (DAS) 74
di-isopropylfluoro-phosphate 262, 263
diphtheria toxin 40
diplopia 237, 269, 338
Disability Assessment Scale (Score) 73, 151–4
D-penicillamine 361
dopamine 15, 89
depleting agents 89
receptor agonists and antagonists 86, 88, 89,

351
release of 15
replacement therapy 357. See also Parkinson’s

disease
dot blot in vitro assay 53
doxazosin 294, 295
drooling 211–21
and botulinum toxin side effects 211
causes of 204, 205
clozapine-induced 204, 208, 213
definition of 201
evaluation 205, 206
in infants and children 6, 204, 217
non-toxin treatments for 207–10
persistent 205
prevalence of 204
secondary to parkinsonism 208
surgery for 208, 209
swallowing reflex and 201. See also saliva:

production rate
Drool Rating Scale (DRS) 206, 225–8
Drooling Frequency Scale (DFS) 206, 225
Drooling Severity Scale (DSS) 206, 225
Duncan-Elie test, for rectus muscle 144
dysaesthesia 140
dyskinesias. See specific syndrome
dyspareunia 298
dysphagia 69, 73, 93, 94, 193, 212, 220, 329,

344, 362
dysphonia 95
dyspnea 95
Dysport�

characteristics of 65
for adductor laryngeal dystonia 116
for blepharospasm 3, 28
for chronic tension headache 236
dosage 5, 60, 99, 117–19, 183, 190, 191,

358, 363
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dose ratios with BOTOX� 60–2, 141
efficacy 183
for hemifacial spasm 3, 28
for hyperhidrosis 183
for Parkinson’s disease 358
for spasticity 3
for strabismus 3, 28. See also botulinum toxin;

botulinum toxin type B
history of 4
molecular characteristics of 59
side effects of 72, 116
storage 67

dystonia
botulinum toxin for 366
definition of 80, 111
dopa-responsive 89
focal 28, 64, 82, 365–6. See also cervical dystonia
guidelines for treating 75
idiopathic 83, 84, 86
jaw closing 112, 119
jaw opening 112, 117–19
laryngeal 111–16
limb 7, 365–70
pain treatment for 231
palatal myoclonus 112, 120
slewed jaw 112, 119–20
spasmodic 64
tongue 112, 113, 116–18

Elan Pharmaceuticals 5, 29, 33, 59, 193, 309
electromyography guidance 71, 102, 115, 142, 147,

151, 262, 358, 363, 365–7, 369
encephalomyelitis 356
encephalopathy 205
endocytosis 10, 14, 15, 59
endoscopic retrograde pancreatography (ERCP)

318
endoscopic thoracic sympathectomy (ETS) 181,

182
enteric nervous system (ENS) 282, 299–303
entropion 278, 279
enzyme-linked immunosorbent assay (ELISA) 53
Erythrina cristagalli 39
estropia 264–8
euhydrosis 179–81
evaluation scales

Action Research Arm Test 152
Ashworth Scale 73, 138, 145, 148, 149, 151–4
Beck Depression Inventory score 236
Dermatology Life Quality Index 179
Digit Abduction Score (DAS) 74
Disability Assessment Scale (Score) 73, 151–4
Drool Rating Scale (DRS) 206, 225–8
Drooling Frequency Scale (DFS) 206, 225
Drooling Severity Scale (DSS) 206, 225
Duncan-Elie test 144
Extensor Digitorum Brevis Test (EDB) 52
Frontalis-Type A Test (F-TAT) 50–2
Fugl-Meyer Motor Assessment Score 152
Functional Independence Measure 150
Health Related Quality of Life Measures

(HR-QoL) 275

Hospital Anxiety and Depression Scale (HAD)
252

Hyperhidrosis Disease Severity Scale (HDSS)
179, 180

Hyperhidrosis Impact Questionnaire (HHIQ)
179

Jebsen Taylor Hand test 152
Likert Scale 152
Minor starch iodine test 179, 182, 183, 188, 189,

191, 208
Mouse Diaphragm Assay (MDA) 47, 50, 52,

53. See also Mouse Protection Assay
(MPA)

Mouse Protection Assay (MPA) 50–3
Ninhydrin sweat test 179
Principal Therapeutic Intervention Target 73
Rivermead score 152
Sternocleidomastoid Test (SCM) 52
Tardieu Scale 148, 150
Thomas test 144, 145
Toronto Western Spasmodic Torticollis Rating

Scale (TWSTRS) 100
Unilateral Brow Injection Test (UBI) 50
Wartenburg Pendulum Test 148, 151

Ewing protocol 310
exocrine cells, response to botulinum toxin A 15
exocytosis 10, 15, 17, 37
Extensor Digitorum Brevis Test (EDB) 52
extraocular muscles, treatment with botulinum

toxin 28
extropia 264, 265
eye brow. See brow
eye conditions. See amblyopia; apraxia of eye

opening; blepharospasm; diplopia; estropia;
extropia; glaucoma; hyperlacrimation;
nystagmus; ptosis; strabismus (squint);
thyroid eye disease

eyelid position disorders. See ptosis

face, treatment of
brow 335, 338
bunny lines 338–9
crow’s feet (lateral canthal rhytids) 337–9
downturned smile 342–3
glabellar. See glabellar area
forehead 334–7
‘‘gummy smile’’ 342
lips 341
lower face 339–44
marionette lines 340, 347
mentalis (golf ball chin) 343
neck wrinkles and lines 343–4
rhytids 330, 335, 337–9, 341, 343, 345–7

facial
movement disorders

273–5. See also blepharospasm; hemifacial
spasm; palsy, post facial; myokymia

nerve palsy 208
scars, botulinum toxin treatment for 279
tics 3
wrinkles (hyperkinetic lines) 7, 28, 231,

331. See also glabellar area
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familial dysautonomia 204
fenfluramine 86
fibromyalgia 64, 252
finasteride 294
flecainide 86
fluoxetine 354
flumazenil 132
focal dystonias 28, 64, 82,

365–6. See also dystonia
focal muscle spasm 29
forehead wrinkles 334–7
Frey’s syndrome (gustatory sweating) 189–91,

205, 207, 208, 213
Frontalis-Type A Test (F-TAT) 50–2
Fugl-Meyer Motor Assessment Score 152
Functional Independence Measure 150

gabapentin 137, 247, 361, 368
galanin 175
gall bladder. See pancreato-biliary system
gamma-aminobutyric acid (GABA) 15, 88–9,

135
gamma-hydroxybutyric acid (GHB) 354
ganglioside 12
gastrointestinal tract

botulinum toxin for disorders of 22, 45, 64, 72,
283, 311

disorders of 297, 318
pelvic floor dysfunction 299, 311–14
physiology of 300–3. See also anal;

pancreato-biliary system
gentamicin 75
geste antagoniste 83
glabellar area

adjunctive fillers for 330
anatomy 331–2
botulinum toxin type A use for 28, 65, 72
brow treatment 331
diffusion of botulinum toxin during treatment

330, 331, 333
injection techniques for 35, 333
lines 332, 333, 339, 343, 344
rhytids 330
side effects of treatment of 334

glaucoma 268
gluoxetine 177
glutamate 15, 135, 231
glutamic acid decarboxylase (GAD) 355
glycopyrronium bromide (glycopirrolate) 180,

207
Good Manufacturing Practice (GMP) 31, 32
guanethidine 11

haemagglutinin (HA) 9, 21, 29, 36
haloperidol 89
Hall, Ivan 33
handling of botulinum toxin 10
headache

acute 233
botulinum toxin for 231, 236–9
chronic daily (CDH) 14, 233–6, 238, 239
chronic tension 64, 231, 236

management of 233
medication for 233
migraine. See migraine headache

health care systems 66, 75, 129, 185
Health Related Quality of Life Measures

(HR-QoL) 275
hemifacial spasm
as indication for botulinum toxin treatment

263
botulinum toxin treatment of 3, 4, 28, 64, 72,

276–7
definition of 276
management of 6

hemothorax 182
hepatitis 136
Hirschsprung’s disease 316
Horner’s Syndrome 182
Hospital Anxiety and Depression Scale (HAD)

252
Huntington’s disease 86, 350, 353
hyaluronic acid 345–7
hyaluronidase 329
hyperhidrosis 6
anesthesia for injections 182, 187, 188, 194
antiperspirant use for 180
axillary 181–4
botulinum toxin for 22, 28, 35, 72, 180, 182–8,

190, 191, 193, 213, 231, 329
classification of 176, 177
compensatory 181, 182, 191, 193
definition and symptoms 176–8
diagnosis 177, 193
drugs affecting 177, 180
facial 189–91
focal (localized) 64, 65, 177
generalized 176
guidelines for treating 75
impact on patients 178
inguinal 191
measurement of 179–80
nerve block for 185
pain during treatment for 185
palmar 181, 184–8, 194
plantar 181, 188–9, 194
prevalence 178
resistance to hyperhidrosis 178, 194
surgical treatment for 181
therapy 180–2
treatment side effects 180, 181, 184, 189, 193,

194. See also anhidrosis; chromhidrosis;
sweating

Hyperhidrosis Disease Severity Scale (HDSS) 179,
180

Hyperhidrosis Impact Questionnaire (HHIQ) 179
hyperkinetic lines. See facial wrinkles (hyperkinetic

lines)
hyperlacrimation 22, 64, 279. See also tears
hypersalivation
absolute 204, 205
and familial amyloid polineuropathy 204
botulinum toxin for 6, 22
definition of 201
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from autosomal-recessive disorder 204
from rabies 204
from mercurial poisoning 204
relative. See drooling
transient 204. See also saliva; salivary gland

hypophonia 352

immunoassays for botulinum toxin 30, 45
immunoresistance to botulinum toxin

from antibodies 45–54, 92, 93,
194. See also immunoresistance to
botulinum toxin

development of 47–50, 87, 142, 182, 191
prevalence of 45, 80
primary resistance 45–7, 49, 92, 93
secondary resistance 29, 45, 47, 48, 51, 52, 74,

92, 142, 194
immunoprecipitation assay (IPA) 51–53
incontinence 290, 291, 294, 306,

310. See also bladder, urinary: incontinence
inositol triphosphate 303
insulin secretion 38
intravenous regional anesthesia (IVRA) 187, 188
iontophoresis for hyperhidrosis 181, 194
Ipsen, Ltd. 4, 28, 29, 59, 288, 309, 313
Isaac’s syndrome 277
Isolagen� 345
isoniazid 361

Japan, botulinum toxin type A from 29
Jebsen Taylor Hand test 152

Kerner, Justinus 1, 201, 211
kernicterus 85
ketamine 262, 263

Lambert-Eaton syndrome 74, 255
laryngeal dystonia. See dystonia: laryngeal
laser surgery 72
Lattinen test 252
Lesch Nyhan syndrome 85
leukemia 176
levetiracetam 354
levodopa 86, 89
lidocaine 187, 252, 289, 329, 330
Likert Scale 152
lipid disorders 85
lymphoma 176

magnetic resonance imaging (MRI) 251, 353, 365
malaria 176
Medicines Control Agency (MCA) 4, 28
Meige syndrome 64, 275
metoclopramide 86, 344
methylamine � lysosomotropic agents 15
methylphenidate 351
methylprednisolone 252
mexiletine 89
micturation 283, 284, 287

anatomy and physiology
282–6. See also bladder, urinary

midazolam 132

migraine headache
botulinum toxin for 28, 64, 237, 239
disability due to 229
economic costs 229
episodic 231–3
prevalence of 229
prophylactic treatment 229, 230
symptoms 229, 230
therapies 229
therapeutic guidelines for treatment 230
transformed 231, 233, 234

Minor starch iodine test 179, 182, 183, 188, 189,
191, 208

monoclonal antibody-based immunoassay 53
morphine 38, 247
Mouse Diaphragm Assay (MDA) 47, 50, 52,

53. See also Mouse Protection Assay (MPA)
mouse lethality assays 30
mouse LD50 30, 32, 60
Mouse Protection Assay (MPA)

50–3. See also Mouse Diaphragm Assay
(MDA)

MRC Scale 149
Mr. Spock brow 336
multiple sclerosis 5, 64, 73, 122, 128, 136–8, 141,
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