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Preface

Over the past few decades the field of neurology has seen spectacular developments in diagnostic techniques, most vividly

exemplified by modern neuroimaging and molecular genetics. Although not always at the same speed this evolution has

gone hand in hand with an enlarging armentarium of effective therapies to treat neurological disease. This is particularly

true for the field of movement disorders, where one of the most exciting success stories of modern translational research in

neuroscience unfolded more than 40 years ago: the discovery of dopamine deficiency in the striatum of patients with

Parkinson’s disease and the subsequent introduction of levodopa as a dramatically effective therapy of this hitherto

devastating illness. Since then the therapeutic options for Parkinson’s disease have grown exponentially, often making

treatment decisions difficult. Moreover, there are now numerous therapies for other movement disorders with substantial

impact on patients. While many therapies remain symptomatic, a number normalize the condition such as de-coppering in

Wilson’s disease and levodopa in dopa-responsive dystonia.

While there are a number of textbooks on movement disorders, none so far has emphasized treatment, and this current

work attempts to fill this gap. Practitioners want and need practical detailed advice on how to treat patients. We have

recruited a team of experts who have attempted to deal with most situations. Wherever available, chapter authors have used

evidence from randomized controlled clinical trials to develop practical recommendations for every day clinical practice.

As is the case for all of medicine there are many situations in the treatment of movement disorders where evidence from

controlled trials is either insufficient or open to interpretation. We have therefore deliberately encouraged the expert authors

to share with the reader their personal clinical acumen and therapeutic wisdom. Summary tables and algorithms are part of

many chapters and will hopefully serve as a quick reference guide for practical treatment decisions in many different

circumstances. Of course, each patient presents unique circumstances, so physicians will need to use their judgement every

step of the way, but having expert guidance should at least set the general direction.

We are grateful to the movement disorder experts whom we have recruited from all over the world to bring their

knowledge to this textbook. We appreciate their expertise and patience with our compulsive editing, as we have tried to

give a uniform style to the recommendations, and occasionally added our own opinions.

We have tried to be up to date, but medications and other treatment options may change. New agents appear and some

may even be withdrawn because new adverse effects surface. So, we hope that this book and its advice will be a helpful

guide, but physicians must continue to be alert to any changes in practice that might arise.

MARK HALLETT

WERNER POEWE
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GÜNTHER DEUSCHL

Department of Neurology, Christian-Albrechts-University Kiel, Universit€atsklinikum
Schleswig-Holstein, Kiel, Germany

DIRK DRESSLER

Department of Neurology, Hannover Medical School, Hannover, Germany

RODGER J. ELBLE

Department of Neurology, Southern Illinois University School of Medicine, Springfield,
IL, USA

SHLOMO ELIAS

Department of Physiology, The Hebrew University, Hadassah Medical School,
Jerusalem, Israel

CHRISTINE D. ESPER

Department of Neurology, Emory University School of Medicine, Atlanta, GA, USA

STEWART A. FACTOR

Department of Neurology, Emory University School of Medicine, Atlanta, GA, USA

SUSAN H. FOX

Movement Disorders Clinic MCL7 421, Toronto Western Hospital, Toronto, ON,
Canada

STEVEN J. FRUCHT

Department of Neurology, Columbia University Presbyterian Hospital, New York, NY,
USA

OSCAR S. GERSHANIK

Department of Neurology, Centro Neurologico-Hospital Frances, & Laboratory of
Experimental Parkinsonism, ININFA-CONICET,Buenos Aires, Argentina

ALEXANDER C. GEURTS

Department of Rehabilitation Medicine, Radboud University Nijmegen Medical
Center, Nijmegen, The Netherlands

xii CONTRIBUTORS



NIR GILADI

Movement Disorders Unit, Parkinson Center, Department of Neurology, Tel-Aviv
Sourasky Medical Centre, Sackler School of Medicine, Tel-Aviv University, Tel-Aviv,
Israel

CHRISTOPHER G. GOETZ

Department of Neurological Sciences, Rush University Medical Center, Chicago, IL,
USA

DAVID GRABLI
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1

The Etiopathogenesis of Parkinson’s
Disease: Basic Mechanisms of

Neurodegeneration
C. Warren Olanow and Kevin McNaught

Department of Neurology, Mount Sinai School of Medicine, New York, USA

INTRODUCTION

Parkinson’s disease (PD) is a slowly progressive, neurode-

generative movement disorder characterized clinically by

bradykinesia, rigidity, tremor and postural instability

(Lang and Lozano, 1998; Lang and Lozano, 1998). PD is

the second most common neurodegenerative illness (after

Alzheimer’s disease), and both incidence and prevalence

rates increase with aging. As life expectancy of the general

population rises, both the occurrence and prevalence of

PD are likely to increase dramatically (Dorsey et al., 2007).

Levodopa is the mainstay of current treatment, but long-

term therapy is associated with motor complications and

advanced disease is associated with non-dopaminergic

features such as falling and dementia, which are not con-

trolled with current therapies and are the major source of

disability. These trends underscore the urgent need tomove

beyond the present time of symptomatic treatment to an era

where neuroprotective therapies are available that prevent

or impede the natural course of the disorder (Schapira and

Olanow, 2004). The achievement of this goal would be

facilitated by deciphering the factors that underlie the

initiation, development and progression of the neurodegen-

erative process.

The primary pathology of PD is degeneration of dopa-

minergic neurons with protein accumulation and the for-

mation of inclusions (Lewy bodies) in the substantia nigra

pars compacta (SNc) (Forno, 1996). However, it is now

appreciated that neurodegeneration with Lewy bodies or

Lewy neurites is widespread and can be seen in noradren-

ergic neurons in the locus coeruleus, cholinergic neurons in

the nucleus basalis ofMeynert, and serotonin neurons in the

median raphe, as well as in nerve cells in the dorsal motor

nucleus of the vagus, olfactory regions, pedunculopontine

nucleus, cerebral hemisphere, brain stem, and peripheral

autonomic nervous system (Forno, 1996;Braak et al., 2003;

Zarow et al., 2003). Indeed, non-dopaminergic pathology

may even predate the classic dopaminergic pathology

(Braak et al., 2003). Pathology in PD is thus widespread

and progressive, but still specific in that some areas, such as

the cerebellum and specific brain stem nuclei are unaffect-

ed by the disease process.

It now appears that there aremany different causes of PD

(Table 1.1). Approximately 5--10%of all cases of the illness

are familial and likely genetic in origin, but most cases

occur sporadically and are of unknown cause. Most recent

attention has focused on genetic causes of PD based on

linkage of familial patients to a variety of different chro-

mosomal loci (PARK 1-11). Mutations in six specific

proteins (a-synuclein, parkin, UCH-L1, DJ-1, PINK1 and

LRRK2) have now been identified (Hardy et al., 2006).

Further, mutations in LRRK2 have now been identified to

be present in some late-onset PD patients with typical

clinical and pathological features of PD and no family

history (Gilks et al., 2005). Indeed, as many as 40% of

North African andAshkenazy Jewish PD patients carry this

mutation (Ozelius et al., 2006; Lesage et al., 2006). How-

ever, a genetic basis for the vast majority of sporadic cases

is far from established. In sporadic PD, epidemiologic

studies suggest that environmental factors play an impor-

tant role in development of the illness (Tanner, 2003).

Further, two large genome-wide screens have failed to

identify any specific genetic abnormality (Elbaz et al.,

2006; Fung et al., 2006). The cause of PD thus remains

a mystery. A widely held view is that environmental toxins

might cause PD in patients who are susceptible because of

Therapeutics of Parkinson’s Disease and Other Movement Disorders    Edited by Mark Hallett and Werner Poewe
© 2008 John Wiley & Sons, Ltd. ISBN: 978-0-470-06648-5
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their genetic profile, poor ability to metabolize toxins, and/

or advancing age (Hawkes, Del Tredici and Braak, 2007).

Several factors have been implicated in the pathogenesis

of cell death in PD, including oxidative stress, mitochon-

drial dysfunction, excitotoxicity, and inflammation (Wood-

Kaczmar,Gandhi andWood, 2006;Olanow, 2007). Interest

has also focused on the possibility that proteolytic stress

due to excess levels of misfolded proteins might be central

to each of the different etiologic and pathogenic mechan-

isms that could lead to cell death in PD (Olanow, 2007).

Finally, there is evidence that cell death occurs by way of a

signal-mediated apoptotic process. Each of these mechan-

isms provides candidate targets for developing putative

neuroprotective therapies. However, the precise pathogenic

mechanism responsible for cell death remains unknown,

and to date no therapy has been established to be neuro-

protective (Schapira and Olanow, 2004). Indeed, it remains

uncertain if any one or more of these factors is primary and

initiates cell death, or if they develop only secondary to an

alternative process.

In this chapter, we consider those etiologic and patho-

genic factors that have been implicated in PD, based on

genetic and pathological findings, and consider how they

might contribute to the various familial and sporadic forms

of PD (Figure 1.1).

AUTOSOMAL DOMINANT PD

a-Synuclein

The first linkage discovered to be associated with PD was

located at chromosome 4q21--q23 (PARK 1&4). Genetic

analyses showed A53T and A30P point mutations in the

gene that encodes for a 140 amino acid/14 kDa protein

known as a-synuclein (Polymeropoulos et al., 1996; Poly-

meropoulos et al., 1997). Subsequently, an E46K mutation

in a-synuclein was reported in another family with autoso-

mal dominant PD (plus features of dementia with Lewy

bodies) (Zarranz et al., 2004), but no other point mutation

has subsequently been found. In recent years, duplication

(three copies) and triplication (four copies) of the normal

a-synuclein gene have also been found to cause autosomal

dominant PD (Chartier-Harlin et al., 2004; Farrer et al.,

2004; Ibanez et al., 2004; Miller et al., 2004; Singleton

et al., 2003).

Familial PD caused bya-synuclein shares many features

with common sporadic PD, but patients tend to have a

relatively early age of onset (mean in the 40s) and high

occurrence of dementia. Also, patients with duplication/

triplication of the a-synuclein gene tend to present with a

dementia with Lewy bodies (DLB) pattern rather than

more conventional PD. Pathological studies show amarked

increase in a-synuclein levels with protein aggregation in

various brain regions (Singleton et al., 2003; Duda et al.,

2002; Kotzbauer et al., 2004). However, this is often in the

form of Lewy neurites rather than Lewy bodies. In patients

with the A53T mutation, Lewy bodies are rarely present

and there is a marked accumulation of a-synuclein and

tau in the cerebral cortex and striatum (Duda et al., 2002;

Kotzbauer et al., 2004). Also, patients with triplication of

the normal a-synuclein gene have vacuoles in the cortex,

neuronal death in the hippocampus and inclusion bodies in

glial cells (Singleton et al., 2003). These findings show that

there are significant differences between the pathology that

occurs in the a-synuclein-linked familial PD and common

sporadic PD.

a-Synuclein, so called because of its preferential locali-
zation in synapses and the region of the nuclear envelope

(Jakes, Spillantini and Goedert, 1994; Maroteaux, Campa-

nelli and Scheller, 1988), is diffusely expressed throughout

the CNS (Solano et al., 2000). It is a member of a family of

related proteins that also include b- and g-synucleins
(Goedert, 2001). a-Synuclein is enriched in presynaptic

nerve terminals and associates with lipid membranes and

vesicles. The normal function of a-synuclein is unknown,

but there is some evidence that it plays a role in synaptic

neurotransmission, neuronal plasticity and lipid metabo-

lism. Since the discovery of a-synuclein-linked familial

PD, there has been a great deal of effort aimed at decipher-

ing how mutations in this protein induce neurodegenera-

tion. The dominant mode of inheritance suggests a gain of

function. Wild-type a-synuclein is monomeric and intrin-

sically unstructured/natively unfolded at low concentra-

tions, but in high concentrations it has a propensity to

oligomerize and aggregate into b-pleated sheets (Conway,
et al., 1998;Weinreb et al., 1996).Mutations in the protein

increase this potential formisfolding, oligomerization and

aggregation (Conway, Harper and Lansbury, 1998;

Weinreb et al., 1996; Caughey and Lansbury, 2003;

Conway et al., 2000; Lashuel et al., 2002;Li, Uversky

and Fink, 2001; Pandey, Schmidt and Galvin, 2006).

Oligomerization of a-synuclein produces intermediary

species (protofibrils) that form annular structures with

pore-like properties that permeabilize synthetic vesicular

membranes in vitro. It has been suggested that protofibrils

are the toxic a-synuclein species that are responsible for

cell death. It is also possible that protein aggregation itself

can interfere with critical cell functions and promote

apoptosis.

It is possible that the cytotoxicity associatedwithmutant/

excess a-synuclein involves interference with proteolysis

and autophagy. Wild-type a-synuclein is a substrate for

both the 26S and 20S proteasome and is preferentially

degraded in a ubiquitin-independent manner (Bennett

et al., 1999; Liu et al., 2003;Tofaris, Layfield and Spillan-

tini, 2001). In vitro and in vivo studies have demonstrated

that mutant a-synuclein, which misfolds, oligomerizes and

aggregates, is resistant to UPS-mediated degradation and
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also inhibits this pathway and its ability to clear other

proteins (Snyder et al., 2003; Stefanis et al., 2001; Tanaka

et al., 2001). As a result, there is accumulation of a wide

range of proteins, in addition to a-synuclein, in cells

expressing mutant a-synuclein. High levels of undegraded
or poorly degraded proteins have a tendency to aggregate

with each other and other proteins, form inclusion bodies,

disrupt intracellular processes, and cause cell death (Bence

Sampat and Kopito, 2001). Recent studies indicate that a-
synuclein can also be broken down by the 20S proteasome

through endoproteolytic degradation that does not involve

the --N or --C terminus (Liu et al., 2003). This type of

degradation yields truncateda-synuclein fragments, which

are particularly prone to aggregate, promote aggregation of

the full-length protein, as well as other proteins, and cause

cytotoxicity (Liu et al., 2005). Thus, it is reasonable to

Autosomal Dominant Sporadic

PARKIN    DJ-1    PINK1  GENES    TOXIN    AGINGSYN    LRRK2    UCH-L1
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Figure 1.1 Schematic illustration of different forms of PD and factors that are thought to be associated with the development

of cell death and that might be candidates for putative neuroprotective therapies.
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consider that alterations in the a-synuclein gene can inter-

fere with the clearance of unwanted proteins, and that this

defect may underlie protein aggregation, Lewy body for-

mation and neurodegeneration in hereditary PD (Olanow

and McNaught, 2006). a-Synuclein can also be degraded

by the lysosomal system, and mutations in the protein are

associated with impaired chaperone-mediated clearance by

autophagy which also promotes accumulation and aggre-

gation of the protein (Cuervo et al., 2004; Lee et al., 2004).

Numerous studies, employing a variety of approaches,

have examined the effects of expressing PD-related mutant

(and wild-type) a-synuclein in transgenic animals (Ferna-

gut and Chesselet, 2004). Expression of mutant (A53T,

A30P) or wild-type a-synuclein in transgenic Drosophila

(Feany and Bender, 2000), or the adenoviral-mediated

expression of A53T mutant or wild-type a-synuclein in

the SNc of adult non-human primates (common marmo-

sets) (Kirik et al., 2003), causes selective dopamine cell

degeneration. Interestingly, overexpression ofA53T,A30P

or wild-type a-synuclein causes inclusion body formation,

but does not cause neurodegeneration in transgenic mice

(Fernagut and Chesselet, 2004). In addition, some species

normally express the mutant form of a-synuclein with a

threonine in the alanine position, yet do not show aggrega-

tion as is found in PD patients (Polymeropoulos et al.,

1997), possibly becausea-synuclein is degraded differently
in these species.

The relative roles of the UPS and lysosomal systems in

the degradation of wild-type and mutant a-synuclein has

not been clearly defined, and it is possible that defects in

either the proteasomal or lysosomal systems could contrib-

ute to the accumulation ofa-synuclein and other proteins. It
is also noteworthy that not all carriers of point mutations in

a-synuclein develop PD, suggesting that additional factors,
such as environmental toxins, might be required to trigger

the development of PD in individuals carrying mutations in

a-synuclein.
It is noteworthy thata-synuclein accumulates in patients

with sporadic PD (see below), suggesting that this protein

might also have relevance to the cause of cell death in these

cases. In support of this concept, it is noteworthy that

knockdown of a-synuclein prevents dopaminergic toxicity

associated with MPTP (Dauer et al., 2002). Heat shock

proteins act to promote protein refolding and also as

chaperones to facilitate protein clearance through the pro-

teasome or autophagal systems. Indeed, it has been found

that overexpression of heat shock protein prevents dopa-

mine neuronal degeneration inDrosophila that overexpress

wild-type or mutant a-synuclein (Auluck et al., 2002).

Similarly the naturally occurring benzoquinone ansamycin,

geldanamycin, prevents aggregation and protects dopa-

mine neurons in this model (Auluck and Bonini, 2002).

Geldanamycin binds to an ATP site on HSP90, blocking its

normally negative regulation of heat shock transcription

factor 1 (HSF1), thus promoting the synthesis of heat shock

protein (Whitesell et al., 1994). These studies offer prom-

ising targets for candidate neuroprotective drugs for PD.

It also possible that agents that can prevent or dissolve

a-synuclein aggregates such as b-synuclein or immuniza-

tion with a-synuclein might be protective in PD (Hashi-

moto et al., 2004; Masliah et al., 2005), although it has not

yet been shown that these strategies can provide protective

effects in model systems.

UCH-L1

An I93M missense mutation in the gene (4p14; PARK 5)

encoding ubiquitin C-terminal L1 (UCH-L1), a 230 amino

acid/26 kDa de-ubiquitinating enzyme,was associatedwith

the development of autosomal dominant PD in two siblings

of a European family (Leroy et al., 1998). The parents were

asymptomatic, suggesting that the gene defect causes dis-

ease with incomplete penetrance. The affected individuals

had clinical features that resemble sporadic PD, including a

good response to levodopa, but the age (49 and 51) of onset

was relatively early. Postmortem analyses on one of the

siblings revealed Lewy bodies in the brain (Auberger et al.,

2005). Genetic screening studies have failed to detect

UCH-L1 mutations in other families with PD, suggesting

that this mutation is either very rare, or not a true cause of

PD (Wintermeyer et al., 2000). Interestingly, several stud-

ies have found that the UCH-L1 gene is a susceptibility

locus in sporadic PD and that polymorphisms, such as the

S18Y substitution, confers some degree of protection

against developing the illness (Maraganore et al., 2004).

However, another study failed to find any association

between UCH-L1 polymorphisms and PD (Healy et al.,

2006).

UCH-L1 is expressed exclusively in neurons in many

areas of theCNS (Solano et al., 2000), and constitutes 1--2%
of the soluble proteins in the brain (Solano et al., 2000;

Wilkinson, Deshpande and Larsen, 1992; Wilkinson et al.,

1989). UCH-L1 is responsible for cleaving ubiquitin from

protein adducts to enable the protein to enter the protea-

some. Mutations in UCH-L1 cause a reduction in de-

ubiquitinating activity in vitro and result in gracile axonal

dystrophy (GAD) in transgenic mice (Leroy et al., 1998;

Nishikawa et al., 2003; Osaka et al., 2003). Further, toxin-

or mutation-induced inhibition of UCH-L1’s activity leads

to a marked decrease in levels of ubiquitin in cultured

cells and in the brain of GAD mice (Osaka et al., 2003;

McNaught et al., 2002), and degeneration of dopaminergic

neurons with protein accumulation and the formation of

Lewy body-like inclusions in rat ventral midbrain cell

cultures (McNaught et al., 2002). Therefore, it is possible

that a mutation in UCH-L1 alters UPS function leading to

altered proteolysis and ultimately cell death. It also appears

that UCH-L1 has E3 ubiquitin ligase activity, but it remains
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unclear if the PD-related mutation alters this function of

the protein (Liu et al., 2002).

LRRK2

LRRK2 mutations are now thought to be the commonest

cause of familial PD.Severalmissensemutations in the gene

(12p11.2--q13.1, PARK 8) encoding a 2527 amino acid/

�250 kDa protein called dardarin or LRRK2 (leucine-rich

repeat kinase 2) can cause an autosomal dominant form of

PD with incomplete penetrance (Funayama et al., 2002;

Paisan-Ruiz et al., 2004; Zimprich et al., 2004). This gene

defect has been found in several families from different

countries, and it is estimated that themutation could account

for 5%ormore of familial PD cases (Farrer, 2006), although

this percentage is significantly higher in north African arabs

and Ashkenazi Jews perhaps reflecting a founder effect

(Ozelius et al., 2006; Lesage et al., 2006).Not all individuals

who carry these mutations develop parkinsonism, suggest-

ing the possible requirement of other etiological factors to

act as a trigger for the illness (Di Fonzo et al., 2005).

The clinical spectrum of LRRK2-linked PD can be

similar to sporadic PD, with an age of onset ranging from

32 to 79 years. Pathologically, most have a PD-like picture,

but there can be considerable variability evenwithin family

members who carry the same mutation (Zimprich et al.,

2004; Wszolek et al., 2004). While all subjects with

LRRK2-linked familial PD have nigrostriatal degenera-

tion, some have nigral Lewy bodies and some do not, some

have a DLB picture with extensive cortical Lewy bodies,

and some have tau-immunoreactive glial and neuronal

inclusions resembling tauopathies such as progressive

supranuclear palsy. Interestingly, some patients with this

mutation have a late-onset form of PD with no family

history and clinical and pathologic features typical of

sporadic PD. It has been estimated that the LRRK2 muta-

tion might account for as many as 7% of familial cases and

1.5--3% of cases of sporadic PD (Di Fonzo et al., 2005;

Gilks et al., 2005; Nichols et al., 2005).

LRRK2 protein is expressed throughout the brain

(Paisan-Ruiz et al., 2004; Simon-Sanchez et al., 2006),

but its normal function is unknown. It is a large protein that

is bound to the outer mitochondrial membrane. Based on its

molecular structure, it has been suggested that LRRK2

might be a cytoplasmic kinase in the MAP kinase family

(Paisan-Ruiz et al., 2004; Zimprich et al., 2004). It is also

not known howmutations in LRRK2 alter the structure and

function of the protein or how thesemight lead to cell death.

It is now appreciated that LRRK2 has kinase (West, Moore

and Biskup, 2005) and GTPase (Li et al., 2007) activities,

and that mutations are associated with enhanced GTP

binding and kinase activities that are linked to toxicity

(West et al., 2007). Indeed, knockdown of kinase activity

leads to reduced toxicity in model systems (Greggio et al.,

2006; Smith et al., 2006). It is therefore possible that

PD-related LRRK2 mutations might be due to an increase

in kinase activity leading to altered phosphorylation of

substrate proteins (West, Moore and Biskup, 2005).

AUTOSOMAL RECESSIVE PD

Parkin

A hereditary form of PD, autosomal recessive juvenile

parkinsonism (AR-JP) was first described in Japanese fami-

lies, and is linked to chromosome 6q25.2--q27 (PARK 2)

(Matsumineet al., 1997).This locuswas found tohost thegene

that encodes for a 465 amino acid/52kDaprotein called parkin

(Kitada et al., 1998). It is nowappreciated thatmany deletions,

pointmutations, andmutations that span the entire parkin gene

can cause familial PD (Hattori and Mizuno, 2004). Some

estimates suggest that parkin mutations might account for as

many as 50% of early-onset (<45 years) familial cases of PD

(Lucking et al., 2000). It is noteworthy, though, that parkin

mutations can also be associated with late-onset (�60 years

old) hereditary PD (Foroud et al., 2003).

Clinically, AR-JP is similar to common sporadic PD, but

there are notable differences. Patients with parkin muta-

tions tend have a very early age of onset, ranging from 7 to

72 years (average, 30 years), and demonstrate a rather slow

rate of progression. The neuropathology of patients with

parkin mutations differs from sporadic PD in that neuro-

degeneration is restricted to the SNc and LC, and Lewy

bodies are largely absent (Mori et al., 1998), although a few

have been noted in a few older patients with parkin-linked

autosomal PD (Farrer et al., 2001; Pramstaller et al., 2005).

Parkin is expressed in the cytoplasm, nucleus, golgi

apparatus and processes of neurons throughout the CNS

(Horowitz et al., 2001). Several studies have shown that

parkin is an E3 ubiquitin ligase (Imai et al., 2001; Imai

et al., 2000; Shimura et al., 2000; Shimura et al., 2001;

Zhang et al., 2000) which contains a RING finger domain

(comprising two RING finger motifs separated by an in-

between-RINGdomain) at theC-terminus. The protein also

contains a central linker region and a ubiquitin-like domain

(UBL) at the N-terminus. Parkin acts in conjunction with

several E2 enzymes, Ubc6, UbcH7 and UbcH8, to ubiqui-

tinate a variety of substrates. These include synphilin-1,

CDCrel-1, parkin-associated endothelin receptor-like re-

ceptor (Pael-R), an O-glycosylated isoform of a-synuclein
(aSp22), cyclin E a/b-tubulin, p38 subunit of the aminoa-

cyl-tRNA synthetase complex, and synaptotagmin X1.

Interestingly, parkin may polyubiquitinate proteins with

linkages at lysine 48 (K48) or lysine 63 (K63) (Lim et al.,

2005). Parkin has been shown to interact through its UBL

domain with the 26S proteasome Rpn10/S5a subunit, and

along with Rpt5/S60, plays a role in the recognition of

ubiquitinated substrates by the PA700 proteasome activator

10 PARKINSON’S DISEASE AND PARKINSONISM



(Pickart and Cohen, 2004; Sakata et al., 2003). Parkin also

interacts with a protein complex containing CHIP/HSP70

which promotes parkin’s activity (Cyr, Hohfeld and

Patterson, 2002) and with proteasomal subunits (Dachsel

et al., 2005).

Precisely how parkin induces pathology in familial PD is

not known, but could relate to a loss of E3 ubiquitin ligase

activity with consequent impairment in the ubiquitination

of its protein substrates. Levels of parkin, and its enzymatic

activity, are decreased in the SNc and LC in AR-JP

(Shimura et al., 2000; Shimura et al., 2001;Cyr, Hohfeld

and Patterson, 2002; Shimura et al., 1999). This defect may

thus underlie the accumulation of undegraded parkin

substrates, including Pael-R and aSp22, found in these

brain areas in PD (Imai et al., 2001; Shimura et al., 2001).

It has been shown that normal parkin prevents endo-

plasmic reticulum dysfunction and unfolded protein-in-

duced cell death following overexpression of Pael-R in

cultured cells and Drosophila (Imai et al., 2001; Imai,

Soda and Takahashi, 2000; Yang et al., 2003). So, it is

reasonable to consider that accumulation of undegraded

substrate proteins disrupts intracellular processes leading to

neurodegeneration in familial PD.

Interestingly, parkin mutations in transgenic mice do not

cause nigrostriatal degeneration (Goldberg et al., 2003;

Itier et al., 2003; Perez and Palmiter, 2005; Von Coelln

et al., 2004). Further, the frequency of point mutations,

deletions and duplications of parkin is similar in AR-JP

(3.8%) and normal controls (3.1%) (Lincoln et al., 2003).

Taken together, these observations raise the possibility that

additional factors, for example exposure to environmental

substances or other gene alterations, might be necessary to

trigger the development of parkinsonism in individuals

carrying parkin mutations.

DJ-1

Missense and deletion mutations in the gene (chromosome

1p36, PARK 7) that encodes for a 189 amino acid/20 kDa

protein called DJ-1 is responsible for an autosomal reces-

sive early-onset formof parkinsonism (Bonifati, Oostra and

Heutink, 2004; Bonifati et al., 2003; Nagakubo et al., 1997;

van Duijn et al., 2001). Since no additional mutations in

DJ-1 have been reported, it is likely that this defect accounts

for only a very small percentage of early-onset cases

(Lockhart et al., 2004). Clinically, DJ-1-linked PD is

similar to parkin-related PD, namely early onset of symp-

toms (age 20--40 years), slow progression, presence of

dystonia, levodopa-responsiveness, and the common oc-

currence of psychiatric disturbance. The neuropathological

features of DJ-1 are not yet known.

In the CNS, DJ-1 is more prominent in astrocytes than

neurons, and is present in the cytosol, nucleus andmitochon-

dria of cells (Bandopadhyay et al., 2004; Shang et al., 2004).

The normal function of DJ-1 is not known, but there is

evidence to suggest that it acts as a sensor of oxidative

stress and proteasomal damage (Taira et al., 2004; Yokota

et al., 2003). Additionally, the molecular structure and

in vitro properties of DJ-1 indicate that it might act as a

molecular chaperone and a protease (Lee et al., 2003;

Olzmann et al., 2004; Wilson et al., 2004). Interestingly,

DJ-1 interacts with parkin, CHIP andHSP70, suggesting a

link to these proteolytic systems (Moore et al., 2005).

The mechanism by which mutations in DJ-1 induces

pathogenesis is unknown. The recessive pattern of inheri-

tance raises the possibility that the mutations induce a loss

of function of the protein. The PD-related mutations (e.g.,

L166P) destabilize and inactivate the protein, impair its

proteolytic activity, and promote its rapid degradation by

the proteasome (Olzmann et al., 2004; Moore et al., 2003).

In cell cultures, overexpression of DJ-1 protects cells from

oxidative stress, and knockdown of DJ-1 increases suscep-

tibility to oxidative stress, endoplasmic reticulum stress and

proteasomal inhibition (Taira et al., 2004; Yokota et al.,

2003). Further, mutations in DJ-1 reduce its ability to

inhibit the aggregation of a-synuclein both in vitro and

in vivo (Shendelman et al., 2004). Interestingly, deletion of

DJ-1 in transgenic mice does not induce neurodegeneration

(Goldberg et al., 2005), suggesting that other factors might

be involved in the pathogenic process in PD. Thus, onemay

speculate that mutations in DJ-1 might lead to a loss of its

putative anti-oxidant, chaperone and proteolytic activity.

PINK1

More than 20 homozygous or compound heterozygous

mutations in the gene (1p35--p36, PARK 6) that codes for

a 581 amino acid/62.8 kDa protein, designated PINK1

(PTEN (phosphatase and tensin homolog deleted on chro-

mosome 10)-induced kinase 1), are known to cause auto-

somal recessive early-onset PD (Hatano et al., 2004; Healy,

Abou-Sleiman and Wood, 2004; Valente et al., 2004;

Valente et al., 2001; Valente et al., 2002). Clinically, this

form of PD is characterized by early onset of symptoms

(20--40 years), slow progression and a good response to

levodopa (Healy, Abou-Sleiman andWood, 2004; Valente

et al., 2001). Late-onset forms of the disease that resemble

sporadic PD have also been described.

PINK1 is localized to mitochondria but additional stud-

ies are required to determine its precise cellular and ana-

tomical distribution (Valente et al., 2004). The normal

function of PINK1 is unknown. It appears to be a serine/

threonine protein kinase that phosphorylates proteins in-

volved in signal transduction pathways. In cell culture

studies, wild-type PINK1 prevents proteasome inhibitor-

induced mitochondrial dysfunction and apoptosis, but this

protection is lost with the mutations found in PD (Valente

et al., 2001). Interestingly, loss of function mutations in

111: THE ETIOPATHOGENESIS OF PARKINSON’S DISEASE: BASIC MECHANISMS OF NEURODEGENERATION



PINK1 inDrosophila causesmale sterility,musclewasting,

dopaminergic neuronal degeneration, and increased sensi-

tivity to stressors (Clark et al., 2006; Park et al., 2006).

These changes are associated with mitochondrial morpho-

logic abnormalities, notably enlargement and fragmenta-

tion of christae. Thus,mitochondrial dysfunction appears to

play a role in the pathogenesis of cell death associated with

PINK1 mutations. Interestingly, defects in the parkin gene

induced by knockout or by RNA interference also lead to

alterations in mitochondrial morphology with dopamine

neuronal degeneration, and enhance the degree of mito-

chondrial damage seen with PINK1 mutations (Park et al.,

2006;Yang, Gehrke and Imai, 2006). Further, overexpres-

sion of wild-type parkin restores mitochondrial morpholo-

gy in the PINK1mutantDrosophila, suggesting that PINK1

and parkin act in a common pathway that is critical for

normal mitochondrial function (Yang, Gehrke and Imai,

2006). PINK-1 mutations have been found in normal

control subjects who do not have clinical features of

parkinsonism (Rogaeva et al., 2004), again raising again

the possibility thatmultiple factorsmay be necessary for the

development of PD.

SPORADIC PD

Pathogenic Factors

The majority of PD cases occur sporadically, and are of

unknown cause. It is thought that a combination of factors,

acting sequentially or in parallel, and perhaps to varying

degrees in each individual, might underlie the development

of sporadic PD. The widely held view is that environmental

toxins might cause PD in individuals who are susceptible

due to their genetic profile, poor ability tometabolize toxins

and/or advancing age. However, a specific infectious agent

or toxin has not as yet been identified and the biological

basis of possible vulnerabilities is unknown. Several path-

ogenic factors have been implicated in the disorder, includ-

ing mitochondrial dysfunction, oxidative stress,

excitotoxicity and inflammation (see reviews in reference

Olanow, 2006). These defects may interact with each other

and form a cascade or network of events that lead to

apoptosis and cell death. It should be noted, however, that

none of these pathogenetic factors have been established to

be the primary source of neurodegeneration or for that

matter to actually be involved in the cell death process

(Olanow, 2007). It is certainly possible that as yet undis-

covered pathogenic factors play a more critical role, and

further that the pathogenic factors involved in cell death in

an individual patient may differ.

Oxidative stress has been implicated in PD (Jenner,

2003) based on findings in the SNc of reduced levels of

the major brain antioxidant reduced glutathione (GSH)

(Sian et al., 1994), increased levels of the pro-oxidant iron

(Dexter et al., 1991; Hirsch et al., 1991; Sofic et al., 1988),

and evidence of oxidative damage to proteins, lipids and

DNA (Alam et al., 1997; Dexter et al., 1989; Dexter et al.,

1994; Zhang et al., 1999). It is noteworthy that oxidative

stress can be linked to the various gene mutations associat-

ed with PD, and that oxidative stress can lead to mitochon-

drial damage and cause proteasome dysfunction (Ding and

Keller, 2001; Jha et al., 2002;Okada et al., 1999).However,

clinical trials of anti-oxidants have failed to provide benefit

in PD patients (Parkinson Study Group, 1993). Mitochon-

drial dysfunction has been implicated in PD based on

findings of reduced activity and decreased staining for

complex I of the mitochondrial respiratory chain (Schapira

et al., 1990). Further, toxins that specifically damage

complex I such as rotenone and MPTP selectively damage

dopamine neurons and induce a model of PD (Langston

et al., 1983; Betarbet et al., 2000). Asmentioned above, it is

also noteworthy that mutations in DJ-1 and parkin are

associated with mitochondrial abnormalities. However,

whether mitochondrial defects found in PD are primary or

secondary is not known, and bioenergetic agents have not

yet been established to have disease-modifying effects in

PD. Recent interest has also focused on the possibility that

calcium cytotoxicity might contribute to neurodegenera-

tion in PD. Recent studies have also demonstrated that with

maturation, SNc dopamine neurons convert from using

sodium channels to 1.3 L-type calcium channels in order

to maintain their pacemaker activities which could make

these cells vulnerable to calcium cytotoxicity. It is note-

worthy that blockage of these channels in cultured dopa-

mine neurons causes them to revert to using sodium

channels and is protective (Chan et al., 2007).

Proteolytic Stress

Much of our own interest has focused on the possibility that

cell death in PD results from proteolytic stress due to

increased formation and/or a failure to clear misfolded

proteins (McNaught et al., 2001). There is abundant evi-

dence for protein accumulation in areas that undergo

neurodegeneration in PD. Quantitative western blot analy-

ses demonstrate a marked increase in the levels of truncat-

ed, full-length, oligomeric and aggregates (of high and

various molecular weights) of a-synuclein and other pro-

teins in the SNc (Baba et al., 1998; Tofaris et al., 2003).

These a-synuclein species have various post-translation

modifications, including phosphorylation, glycosylation,

nitration and ubiquitination (Tofaris et al., 2003; Giasson

et al., 2000; Hasegawa et al., 2002; Sampathu et al., 2003).

Accumulated a-synuclein can exist in a fibrillar form and

cross-link with other proteins (e.g., by advanced glycation

endproducts) and with neuromelanin (Fasano et al., 2003;

Munch et al., 2000; Spillantini et al., 1998). In addition

to a-synuclein, many other proteins accumulate and are
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post-translationally modified in the SNc and other brain

regions in PD. There is a several-fold increase in levels of

ubiquitin--protein conjugates and phosphorylated proteins in

theSNc(McNaughtetal.,2002;Zhuetal.,2002).Thereisalso

an increase in thecontentofoxidativelydamagedproteins, as

indicatedbyanelevationinthelevelsofproteincarbonylsand

protein adducts of 4-hydroxy-2-nonenal (derived from lipid

peroxidation) (Alam et al., 1997; Yoritaka et al., 1996).

Nuclear magnetic relaxation field-cycling relaxometry,

whichmeasureswater solubility in tissues,hasalsobeenused

todemonstrateageneralized increase inproteinaggregates in

the SNc in PD (Shimura et al., 1999).

Lewy Bodies

The most striking evidence for protein dysfunction in PD is

the presence of Lewy bodies, Lewy neurites and

small protein aggregates in the SNc and other sites of

neurodegeneration (McNaught et al., 2002). TheLewybody

is usually 8--30mm in diameter, and in the SNc in PD it

demonstrates an intensely stained central core with a lightly

staining surrounding halo with the protein-binding dye

eosin. Electron microscopy demonstrates a core comprised

of dense granular material, which may contain punctate

aggregates of ubiquitinated proteins, while the outer region

is an arrangement of radiating filaments (7--20 nm in diam-

eter) comprised of fibrillar a-synuclein and neurofilaments

(Spillantini et al., 1998; McNaught et al., 2002). Immuno-

histochemical staining shows that Lewy bodies contain a

wide range of proteins, the most prominent being a-synu-
clein (Spillantini et al., 1998; McNaught et al., 2002;

Spillantini et al., 1997), neurofilaments (Schmidt et al.,

1991), and ubiquitin/ubiquitinated proteins (McNaught

et al., 2002; Lennox et al., 1989). Lewy bodies also contain

components of the UPS (e.g., ubiquitination/de-ubiquitina-

tion enzymes, proteasomal subunits, and proteasome acti-

vators) (McNaught et al., 2002; Ii et al., 1997; Lowe et al.,

1990; Schlossmacher et al., 2002), and heat shock proteins

(e.g., HSP70 and HSP90) (McNaught et al., 2002), but it is

not known if the proteasome subunits unite to form a

functioning proteasomal complex. Within Lewy bodies,

proteins may be oxidized (Castellani et al., 2002), nitrated

(Giasson et al., 2000; Good et al., 1998), ubiquitinated

and/or phosphorylated (Fujiwara et al., 2002). It is note-

worthy that not all proteins are found in Lewy bodies (e.g.,

synaptophysin, b-tubulin, and tau).

The consistent organization and composition of Lewy

bodies suggests that they are unlikely to be formed in a

random manner by the non-specific passive diffusion and

coalescing of cellular proteins. Recent studies have led to

the speculation that Lewy bodies could be formed and

function in an aggresome-like manner (McNaught et al.,

2002; Ardley et al., 2003; Kopito, 2000; Olanow et al.,

2004). Aggresomes are inclusion bodies that form at the

centrosome in response to proteolytic stress. They serve to

sequester, segregate and degrade excess levels of abnor-

mal and potentially toxic proteins when these products

cannot be cleared by other proteolytic systems (Kopito,

2000; Olanow et al., 2004; Taylor et al., 2003). In this

respect, we and others have postulated that aggresomes

appear to have a cytoprotective role (Olanow et al., 2004;

Taylor et al., 2003; Kawaguchi et al., 2003; Tanaka et al.,

2003). In support of this concept, inhibition of aggresome

formation in cells undergoing proteolytic stress impairs

the clearance of abnormal proteins and enhances cellular

toxicity (Taylor et al., 2003;Johnston, Illing and Kopito,

2002; Johnston,Ward andKopito, 1998; Junn et al., 2002).

Lewy bodies resemble aggresomes and stain positively for

g-tubulin and pericentrin, specific markers of the centro-

some/aggresome. These observations have led to the sug-

gestion that Lewy bodies might be aggresome-related

inclusions that are cytoprotective, and slow or halt the

demise of some neurons in PD (McNaught et al., 2002;

Olanow et al., 2004; Chen and Feany, 2005). This hypoth-

esis is consistent with other lines of evidence indicating

that Lewy bodies are not deleterious to cells (Gertz,

Siegers and Kuchinke, 1994; Tompkins and Hill, 1997).

Indeed, neurodegeneration can occur in the SNc without

Lewy bodies in both sporadic and familial forms of PD

(Mori et al., 1998; Wakabayashi et al., 1999), and Lewy

bodies can be present without neurodegeneration (van

Duinen et al., 1999). Indeed, degeneration in disorders

such as parkin, which lack Lewy bodies, appear to have an

aggressive form of dopamine cell loss such that patients

present at a very early age, perhaps because they are

incapable of manufacturing these protective structures.

Theultimate fateofLewybodiesand their host cell inPD

seems to vary. Some Lewy bodies are observed in the

cytoplasmof remainingneurons,while others are extruded

into the extracellular space following destruction of the

hostneuron(Katsuseetal., 2003). Inaddition,Lewybodies

may be internalized and destroyed by the lysosomal/

autophagic system, as has been reported for aggresomes

(Taylor et al., 2003; Fortun et al., 2003). Finally, Lewy

bodies could be engulfed along with the host cell by

activatedmicroglia cells, which are observed at pathologi-

cal sites in PD (Iseki et al., 2000). Thus,while excess levels

of abnormal proteins and aggregates can interfere with

intracellular processes and alter cell viability, the forma-

tion of Lewy body inclusions might be a cytoprotective

response aimed at segregating unwanted proteins to pre-

serve cell viability.

While protein accumulation might occur as a result of

increased production in genetic cases (e.g., mutant or

excess production of wild-type a-synuclein), there is evi-
dence that protein aggregation in sporadic PD might result

from impaired clearance of unwanted proteins due to

proteasomal dysfunction (McNaught et al., 2001).
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Altered Proteasomal Fuction

Proteasomes are multicatalytic enzymes primarily respon-

sible for the degradation and clearance of unwanted pro-

teins within eukaryocytic cells. Several studies have

examined the structure and function of proteasomes in the

PD. In one study comparing PD patients to controls, all

three proteolytic activities of the 20Sproteasome in the SNc

were reduced by approximately 45%, but not in other

unaffected brain areas (McNaught et al., 2003; McNaught

and Jenner, 2001). This defect was accompanied by a

marked reduction in the levels of the 20S proteasome a-,
but not b-, subunits in dopaminergic neurons of the SNc in

PD. In addition, while levels of the PA700 proteasome

activator are reduced in the SNc in PD, PA700 expression is

increased in other brain regions, such as the frontal cortex

and striatum, possibly as a compensation to a proteasomal

toxin. This finding raised the possibility that the compen-

satory capacity of the 26S proteasome is also altered in PD.

Further, levels of the PA28 proteasome activator are very

low to almost undetectable in the SNc, compared to other

brain areas, in both PD and normal subjects. Another study

reported a 55% decrease in 20S proteasomal enzyme

activity in the SNc, but not elsewhere in the brain of PD

subjects (Tofaris et al., 2003). Interestingly, this investiga-

tion used PD cases with relatively mild neuropathology,

suggesting that proteasomal dysfunction occurs early in the

pathogenic process. An additional study also demonstrated

that proteasomal activity is not inhibited in extranigral

areas in the brain of patients with sporadic PD (Furukawa

et al., 2002). Indeed, there was marked upregulation of

proteasomal enzymatic activity in the striatum and cerebral

cortex in PD patients compared to control subjects, consis-

tent with our demonstration of increased expression of

PA700 in these brain areas (McNaught et al., 2003).

The basis of proteasomal dysfunction in sporadic PD is

presently unknown, but could relate to encoding changes,

oxidative damage, ATP depletion, and toxic modifications.

Recently, DNA microarray analyses in the SNc in PD

demonstrated a reduction in the mRNA levels of 20S

proteasome a-subunits (PSAM2, PSMA3 and PSMA5),

a non-ATPase subunit (PSMD8/Rpn12) and an ATPase

subunit (PSMC4/Rpt3) of PA700 (Grunblatt et al., 2004).

Proteasomal subunits are susceptible to free radical-medi-

ated injury and to mitochondrial damage, and this could

account for secondary proteasomal damage in PD (Ding

and Keller, 2001; Jha et al., 2002; Okada et al., 1999;

Hoglinger et al., 2003; Shamoto-Nagai et al., 2003). As-

sembly/re-assembly of proteasomal components and their

subsequent proteolytic activity require ATP (Hoglinger

et al., 2003; Eytan et al., 1989; Hendil, Hartmann-Petersen

and Tanaka, 2002; Imai et al., 2003). Thus, primary or

secondary inhibition of complex I activity could contribute

to proteasomal dysfunction in PD. Interestingly, continu-

ous administration of low doses of MPTP, which inhibits

complex I through its active metabolite MPPþ , was

recently shown to impair proteasomal function and to cause

neurodegeneration with inclusion body formation in mice

(Fornai et al., 2005). Abnormal proteins themselves may

also interfere with proteasomal function in PD (Snyder

et al., 2003; Tanaka et al., 2001; Bennett et al., 2005; Hyun

et al., 2002; Lindersson et al., 2004). Consistent with this

possibility, recent studies have shown that incompletely or

partially degraded a-synuclein directly inhibits proteaso-

mal function (Liu et al., 2005). Finally, naturally occurring

environmental toxins could play a role in proteasomal

dysfunction in PD (McNaught et al., 2001).

The stage at which proteasomal dysfunction first occurs

is not known. If this occurs early it might play a role in the

initiation of the neurodegenerative processes, or if it

occurs late it could contribute to the progression of the

disease process. Either way, proteasomal dysfunction

could be a central feature of cell death in PD and underlie

the protein accumulation/aggregation and Lewy body

formation that characterize PD. In support of this concept,

we (McNaught et al., 2002; McNaught et al., 2002) and

others (Fornai et al., 2003; Rideout et al., 2005; Rideout

et al., 2001; Miwa et al., 2005) showed that proteasome

inhibitors induced selective degeneration of dopaminergic

cells in culture and nigrostriatal degeneration with motor

dysfunction when injected directly into the SNc or stria-

tum of rats. Importantly, neuronal death was associated

with the accumulation of a-synuclein and ubiquitin, and

the formation of intracytoplasmic Lewy body-like inclu-

sions containing these and other proteins. Further, several

studies have shown that lactacystin, PSI and other

proteasome inhibitors can also induce degeneration of

non-dopaminergic cells with inclusion body formation

(Kisselev and Goldberg, 2001; Rideout and Stefanis,

2002). This observation has important implications for a

role of proteasomal dysfunction in PD, since brain regions

containing non-dopaminergic neurons also degenerate in

the illness. Indeed, we and others recently demonstrated

that systemic administration of proteasome inhibitors to

rats induces degeneration of nigral dopaminergic neurons

(McNaught et al., 2004; Nair et al., 2006; Schapira et al.,

2006; Zeng et al., 2006). However, these results are

somewhat controversial, as several groups have not been

able to confirm these findings (Kordower et al., 2006;

Manning-Bog et al., 2006). In addition, inhibition of

proteasomal function can induce cellular, biochemical and

molecular changes that are similar to those that occur in

PD (Hoglinger et al., 2003; Kikuchi et al., 2003; Sullivan

et al., 2004). Further, there is a strong theoretical basis for

considering that mutations in a-synuclein, UCH-L1 and

parkin genes could theoretically lead to interference with

UPS function and protein accumulation (Olanow and

McNaught, 2006). Therefore, it is reasonable to suggest
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that proteolytic stress could play a key role in the patho-

genesis of PD, and that therapies designed to prevent the

formation or enhance the clearance of misfolded proteins

might have neuroprotective effects in PD.

Recent attention has also focused on the role of auto-

phagy in clearing misfolded and unwanted proteins, raising

the possibility that defects in this lysosomal system could

also lead to protein accumulation andLewy body formation

(Martinez-Vicente and Cueve, 2007). No studies have as

yet examined the status of the autophage system in PD.

Apoptosis

Regardless of the precise pathogenic mechanism, there is

considerable evidence indicating that cell death in PD

occurs by way of a signal-mediated apoptotic process.

Numerous studies have found increased numbers of apo-

ptotic nuclei in the SNc of PD patients in comparison to

controls (Hirsch et al., 1999). Further, Tatton and collea-

gues showed evidence of both chromatin clumping and

DNA fragmentation in the same nigral neurons, virtually

eliminating the possibility of false positive results (Tatton

et al., 1998). In addition, there is increased expression of

pro-apoptotic signals such as caspase 3 andBax and nuclear

translocation of GAPDH in SNc neurons in PD (Tatton,

2000), supporting the concept that these cells have been

injured and are in a pro-apoptotic state. Recent studies also

demonstrate increased levels of p-p53 in PD nigral neurons

compared to controls (Nair et al., 2006). As a non-

transcriptional increase in p53 is a key signal mediating

cell death following proteasome inhibition, this may be a

particularly relevant finding (Nair et al., 2006).

CONCLUSIONS

The mechanism of cell death in PD remains unknown,

despite many promising and even tantalizing clues. Small

numbers of familial cases of PD are known to be caused by

gene mutations, and mutations have now been identified in

some cases with sporadic forms of PD. However, it is not at

all clear that genetic factors cause the majority of sporadic

cases. Environmental toxins have been implicated, but

none has as yet been established to cause PD. It is possible

that there are many different forms of PD, and many

different causes. Post mortem studies have implicated

oxidative stress, mitochondrial dysfunction, inflammation

and exictotoxicity, but what role each of these play remains

uncertain, and it is possible that some or even all are

epiphenomena and do not directly contribute to cell death.

More recently, attention has focused on the possibility that

proteolytic stress due to impaired clearance of unwanted

proteins is at the heart of cell death in PD. This is supported

by the almost universal finding of protein accumulation

and inclusion body formation in areas that undergo

neurodegeneration. This concept is also supported by the

observation that increased production of both mutant and

wild-type a-synuclein can cause PD in humans and dopa-

mine degeneration in animal models. Similarly, protea-

some dysfunction is found in sporadic PD and proteasome

inhibitors induce dopamine cell deathwith inclusion bodies

in animal models. It is possible that many or all of these

various pathogenic factors might interact in a cascade of

events leading to cell death and that the precipitating factor

may be different in different individuals. Many candidate

targets for developing possible neuroprotective therapies

have been identified, but to date no agent has been shown to

have disease-modifying effects in PD. The identification of

gene mutations that cause PD provide additional opportu-

nities for identifying mechanisms that lead to cell death

that hopefully will also be relevant to sporadic PD.

Already, transgenic models that carry these mutations

have begun to shed light on how cells might die in PD,

although it is disturbing that no animal model to date fully

replicates the dopaminergic and non-dopaminergic pathol-

ogy of PD. Still, there is enthusiasm that with further

research we will better understand why cells die in PD,

develop animal models that replicate all of the features of

the disease, and ultimately produce a drug which slows or

stops disease progression.
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INTRODUCTION

Parkinson’s disease (PD) is a common and disabling disor-

der of movement in humans. Themain symptoms of PD are

poverty and slowing of voluntary movements (akinesia

and bradykinesia), muscle rigidity and low-frequency rest

tremor. These clinical symptoms are due to dopaminergic

denervation of the striatum----the input nucleus of the basal

ganglia. However, how this striatal dopamine depletion

perverts normal functioning to cause the clinical symptoms

of PD has remained unclear. Recent work in tissue slice

preparations, animal models and in humans with PD has

demonstrated abnormally synchronized oscillatory activity

at multiple levels of the basal ganglia-cortical loop. These

excessive oscillations correlate with the motor deficits and

their suppression by dopaminergic therapies; ablative sur-

gery or deep brain stimulation ameliorate the motor symp-

toms of PD. Nevertheless, persistent and robust correlation

between the basal ganglia oscillations and the Parkinsonian

tremor has not been established in the minute-to-minute

time scale.

In this chapter we will discuss the clinical physiology of

PD symptoms, and will outline the hypothesis that abnor-

mal basal ganglia oscillations and synchronization disrupt

motor cortex and brain stem activity leading to akinesia and

bradykinesia (core negative symptoms of the disease). The

positive motor symptoms of Parkinsonism----rigidity and

tremor----are probably generated by compensatory mechan-

isms downstream to the basal ganglia.

PARKINSON’S DISEASE: CLINICAL
SYMPTOMS

In 1817 the English physician James Parkinson wrote an

“Essay on the Shaking Palsy” providing the first clinical

description of the motor symptoms of the disease now

bearing his name (Parkinson, 1817). Today, PD is the most

common basal ganglia movement disorder, and affects

from 1% to as many as 5% of those in the 65 and 85 year

age brackets, respectively (Van Den Eeden et al., 2003).

Only 5% of PD cases can be attributed to specific genetic

causes (Farrer, 2006; Benmoyal-Segal and Soreq, 2006).

Most of the remaining cases cannot be attributed to meta-

bolic or toxic causes either, and are therefore classified as

idiopathic PD. The clinical manifestations of PD are the

result of a neurodegenerative process that causes damage to

multiple neuronal circuits (Braak et al., 2003). The dopa-

minergic system is the most seriously damaged (Sulzer,

2007), but the noradrenergic, serotonergic and the choliner-

gic systems are also affected ((Jellinger, 1991), and see also

Chapter 1: The Etiopathogenesis of Parkinson’s Disease:

Basic Mechanisms of Neurodegeneration, this volume).

Based on a very small number of clinical observations

(six patients, including twowhom hemet on the street and a

third he observed at a distance) James Parkinson pinpointed

two of the most important and paradoxically related symp-

toms of PD----shaking and palsy. PD shaking is now char-

acterized as a low frequency (4--7 Hz) tremor at rest.

However, other non-harmonically related forms (e.g., pos-

tural/kinetic 7--12 Hz tremor) are very common in PD

(Elble and Koller, 1990; Deuschl et al., 2000). Palsy (or

akinesia in modern terminology) is a hypokinetic disorder

characterized by a poverty of voluntary goal-directed

movements. Automatic (involuntary) movements, such as

emotional facial expression aremore severely reduced than

instructed (voluntary) movements. Bradykinesia (slowness

of voluntary movements) and related hypokinetic PD clini-

cal features are also considered as akinetic symptoms. The

other cardinal motor symptoms of PD include rigidity

(increased muscular tone), and postural abnormalities,
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characteristically loss of postural reflexes. Cognitive and

mood (emotional) deficits frequently (Ravina et al., 2007)

accompany the motor symptoms (see Chapter 6, Manag-

ing the Non-Motor Symptoms of Parkinson’s Disease, this

volume). However, in this review we focus on the patho-

physiology of the three main motor symptoms of PD:

akinesia, tremor and rigidity.

PD is not a homogenous disease, either across patients or

even during the natural progression of a single patient.

Unlike rigidity and akinesia, there is no correlation between

the clinical severity of PD tremor and the severity of the

dopaminergic deficit in the striatum or the clinical progres-

sion of the disease (Deuschl et al., 2000). Temporally,

tremor is a more episodic phenomenon, as opposed to other

PD symptoms. The classic PD tremor is a rest tremor, since

its amplitude decreases during voluntary action. PD tremor

increases during mental and emotional stress and is absent

during sleep (Elble and Koller, 1990; Deuschl et al., 2000).

Although our clinical impression is that akinesia and

rigidity fluctuate less in the daily course of a PD patient,

quantitative data is still missing. The heterogeneous nature

of PD between patients is revealed by its broad spectrum

and clinical sub-types. PD can present as a predominant

resting tremor (T-sub-type) or primarily asmarked akinesia

and rigidity (AR-sub-type), sometime defined as the

“postural instability gait difficulty (PIGD) sub-type”

(Jankovic et al., 1990; Burn et al., 2006). As early as the

nineteenth century, the great French neurologist Jean-

Martin Charcot noted that tremor is not always present in

human PD patients, and therefore suggested changing the

name of the disease from paralysis agitans (Latin for

shaking palsy) to la maladie de Parkinson (French for

Parkinson’s disease). T-sub-type PD patients have a better

prognosis and slower disease progression than AR-sub-type

patients (Jankovic et al., 1990). Interestingly, most forms of

non-idiopathic PD (as most animal models of the disease,

see below) display akinesia and rigidity but not rest tremor

(Rajput, 1995).Anti-cholinergic agents,whichwere the first

drugs available for the symptomatic treatment of PD, tend to

have better effects on tremor than on akinetic-rigid symp-

toms,whereas akinesiamay showbetter andearlier response

to dopamine replacement therapy (Tolosa andMarin, 1995).

Several studies have indicated that the pathology of human

T-type PD differs from theAR-type PD,with the retrorubral

area (A8) more severely affected than the substantia nigra

pars compacta (A9) in the tremor dominant form (Paulus and

Jellinger, 1991). Taken together, it therefore seems logical

to conclude that PD akinesia and tremor are not caused by a

single pathophysiological process.

Physiology of PD Tremor

The frequency of tremor in a given PD patient is often

remarkably similar in different muscles of the extremities

and trunk (Hunker andAbbs, 1990). These observations led

to the assumption that a common single central oscillator

controls all tremulous muscles. Coherence analysis, how-

ever, has shown that although the muscles within one body

part (e.g., a limb) are mostly coherent, the tremor in

different extremities, even on the same body side, is almost

never coherent (Raethjen et al., 2000; Ben-Pazi et al.,

2001), indicating that different oscillators underlie PD

tremor in the different extremities. This lack of tremor

coherence may hint at mechanical or spinal reflex mechan-

isms rather than a single central oscillator. However,

several studies have failed to demonstrate any frequency

reduction of PD tremor after loading of the trembling limb

(Elble and Koller, 1990; Deuschl et al., 2000). Resetting

experiments have been less conclusive. Initial studies

indicated that resetting of tremor by mechanical perturba-

tion is much more easily achieved in essential tremor than

in PD tremor (Lee and Stein, 1981). However, later studies

have shown that the resetting index varies significantlywith

the magnitude of the mechanical perturbation and with the

tremor amplitude (Britton et al., 1992). No significant

difference was found in mean resetting indexes between

PD tremor, essential tremor and normal subjectsmimicking

tremor when these mechanical factors were equalized.

Resetting experiments with electrical stimulation of the

median nerve or transcranial magnetic stimulation of the

motor cortex did not show consistent resetting of the tremor

rhythmwhen the periphery (median nerve) was stimulated,

but depicted complete tremor resettingwhen the cortexwas

stimulated (see review in (Deuschl et al., 2000)). Thus, PD

tremor seems to be generated in the central nervous system

(CNS) by more than one single (coupled) oscillator;

however, the central oscillators and the tremor can be

modulated by peripheral inputs.

In line with the CNS hypothesis on the origin of PD

tremor, it has long been known that different lesions within

the CNS can suppress PD tremor. Early attempts to remove

parts of the motor cortex or its downstream projections

were successful in suppressing tremor, but produced unac-

ceptable side effects. The cerebellar receiving nuclei of the

thalamus (e.g., the ventralis-intermedius, Vim) have tradi-

tionally been considered the optimal target for stereotaxic

procedures for amelioration of PD and other tremors.

Recently it has been demonstrated that chronic high-fre-

quency stimulation of these same thalamic targets, as well

as the subthalamic nucleus and the pallidum are all able to

efficiently suppress Parkinsonian tremor and other motor

symptoms ((Machado et al., 2006), and see Chapter 7:

Surgery for Parkinson’s Disease, this volume).

Physiology of PD Rigidity

PD rigidity is often characterized as a uniform resistance to

passive movements, but it may also have a cogwheel
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intermittency due to superposition of tremor on the rigidity.

Rigidity is evident throughout the full amplitude velocity

and range of movements, in both flexor and extensor

muscles (although more evident in flexor muscles). Early

in the disease, rigidity is more evident in the axial (trunk)

muscles, and later it extends to the distal limb muscles.

Increased passive mechanical stiffness of the muscles

may play some role in PD rigidity (Dietz, 1987; Watts,

Wiegner and Young, 1986), but its contribution to PD

rigidity is probably minimal. Early studies (Pollock and

Davis, 1930) showing that PD rigidity can be abolished by

section of the dorsal root indicate that PD rigidity is

maintained by spinal reflexes. Muscle spindle afferent

activity of PD patients seems to be normally correlated

with the degree of their muscular activation (Hagbarth

et al., 1975). Similarly, many spinal cord reflexes, includ-

ing the tendon jerk, H-reflex and the tonic vibration reflex,

and the excitability of the alpha motor neurons appear

normal in Parkinsonian patients (Delwaide, Sabbatino and

Delwaide, 1986). Thus, spinal cord responses to stretch

seem to be close to normal in PDpatients. However, passive

stretch of muscle can evoke long-latency reflexes (Lee and

Tatton, 1975; Tatton et al., 1975), which are exaggerated in

PD patients (Tatton et al., 1984). Several studies indicate

that the tonic muscle responses, initiated by slow and

sustained stretch, and probably involving secondarymuscle

afferents, contribute more to PD rigidity than muscle

reflexes triggered by brisk stretches. The long-latency

reflexes are in many cases due to activation of long, for

example, transcranial loops; although, as for the secondary

muscle afferent reflex, they might be dependent on spinal

loops.

In summary, most clinical human studies indicate that

PD tremor, rigidity and akinesia, although sharing many

common origins and similarities, have significantly distinct

characteristics. The role of striatal dopamine depletion and

the central generators seem to be much more important in

akinesia. PD tremor and rigidity may be modulated by

peripheral manipulation and by the activity of other central

neuronal systems. It is highly possible that transmitter

systems other than dopamine (e.g., cholinergic, serotoner-

gic) or neural circuits other than the basal ganglia (e.g.,

cerebellum, red nucleus) play a critical additive role in

these positive symptoms of PD.

ANIMAL MODELS OF PARKINSON’S
DISEASE AND PARKINSONISM

Early animal models of PD were based on lesions of

midbrain areas in monkeys (Poirier et al., 1975). These

anatomical lesions mainly produce akinesia and rigidity,

but only rarely result in a spontaneous sustained tremor.

Careful analysis of the correlation between the clinical

symptoms and the extent of the lesion led to the conclusion

that experimental rest tremor is the result of damage to the

nigro-striatal dopaminergic projections as well as to the

cerebellar outflow (to the red nucleus and thalamus).

Damage to only one of these neuronal systems was not

sufficient for reliable generation of tremor (Jenner and

Marsden, 1984).

More modern animal models of PD have shifted from

anatomical to chemical lesions. Early chemical----for exam-

ple, the 6-hydroxydopamine (6-OHDA)----rodent models of

PD were limited to dopaminergic damage, and mainly

reproduced the main negative symptoms of PD; namely,

akinesia (Wilms, Sievers and Deuschl, 1999). The more

recently introduced primate 1-methyl-4-phenyl-1,2,3,6-

tetrahydropyridine (MPTP) model of PD (Burns et al.,

1983; Langston, Irwin and Langston, 1984) better mimics

the clinical and the pathological picture of PD. Post-mortem

examination of the brains ofMPTP-treated primates reveals

that the primary damage is to the dopaminergic system.

However, as in human PD, other neuromodulators are also

affected (Pifl, Schingnitz and Hornykiewicz, 1991). Rhesus

monkeys treated with MPTP mainly exhibit the akinetic-

rigid symptoms of PD (Burns et al., 1983). Low-frequency

(4--7 Hz) resting tremor is not readily replicated in MPTP-

treated macaque monkeys; but some primate species, nota-

bly the vervet (African green) monkey often develop a

prominent low-frequency tremor following MPTP injec-

tions (Bergman et al., 1994; Raz, Vaadia and Bergman,

2000). It is important to note that the tremor usually appears

several days after the development of clinical akinesia and

rigidity (Bergman et al., 1994; Heimer et al., 2006). This

order of presentation of clinical symptoms is reversed

compared to human reports. It may be due to the fast

induction of dopamine depletion in the MPTP model that

impedes the development of compensatory processes found

in the slowly evolving human disease. On the other hand,

tremor is a much more overt phenomenon than akinesia and

rigidity. A human patient or his/her family may first be

aware of the slow development of PD by the more easily

recognizable tremor. As in human studies there is a low

coherence level between the tremor of the limbs of MPTP-

treated vervet monkeys following dopamine replacement

therapy (Heimer et al., 2006).

THE CLINICAL ANATOMY OF THE BASAL
GANGLIA AND THEIR CONNECTIONS

The major pathological event leading to the motor symp-

toms of PD, and especially to akinesia, is the death of

midbrain dopaminergic neurons and their striatal projec-

tions. The striatum (composed of caudate, putamen and

ventral striatum) is themain input stage of the basal ganglia,

receiving inputs fromall cortical areas aswell as frommany

thalamic nuclei and even from the cerebellum (Hoshi et al.,

2005). Therefore, a good grasp of the pathophysiology of
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PD depends on understanding the anatomy and physiology

of the basal ganglia and dopamine networks.

The motor system has been classically described as

consisting of two parts: the pyramidal and the extra-pyra-

midal sub-systems. The pyramidal system starts at the

motor cortices, and, through the brain-stem pyramids,

projects to spinal interneurons and alpha-motoneurons,

innervating the distal parts of the limbs, and controls the

execution of accurate, voluntary movements. In contrast, it

was assumed that the extra-pyramidal system originates at

the basal ganglia and the cerebellum, descends parallel to

the pyramidal system, and innervates the spinal circuits

involved with more axial (postural), automatic non-volun-

tary movements.

The revolution in anatomical methods during the second

half of the twentieth century led to the conclusion that the

basal ganglia are the feed-forward part of a closed loop

connecting all cortical areas sequentially through the stria-

tum, pallidum and thalamus with the frontal cortex. The

frontal cortex projects downstream to the spinal level. This

view of the basal ganglia networks assumes that there are

two segregated internal pathways that start in the striatum

and converge on the output structures of the basal ganglia

(the internal segment of the globus pallidus (GPi), and

the substantia nigra pars reticulata (SNr)). The “direct

pathway” is a direct GABAeregic inhibitory pathway,

whereas the “indirect pathway” is a polysynaptic disinhi-

bitory pathway through the external segment of the globus

pallidus (GPe) and the subthalamic nucleus (STN). The

projection striatal neurons in the direct pathway express D1

dopamine receptors, whereas those in the indirect pathway

express D2 dopamine receptors (Gerfen et al., 1990).

Dopamine has differential effects on the two striato-pallidal

pathways: it facilitates transmission along the direct path-

way via the D1 receptors and inhibits transmission along

the indirect pathway via the D2 receptors (Gerfen et al.,

1990; Albin, Young and Penney, 1989). Since the output

structures of the basal ganglia inhibit their thalamic targets,

the direct pathway (cortex, striatum, GPi, thalamus, frontal

cortex) contain two inhibitory paths (striatum to GPi and

GPi to thalamus) and can be regarded as a positive feed-

back----facilitatory----loop and the indirect pathway, contain-

ing three inhibitory paths (striatum toGPe, GPe to STN and

GPi to thalamus) connected by an excitatory path from

the STN to the GPi is regarded as a negative feed-

back----inhibitory----loop. The dopamine facilitation of

movements is therefore the combined results of its excit-

atory effects on the direct positive feedback loop and the

inhibition of the indirect negative feedback loops.

Recently, single axon tracing anatomical studies have

revealed an even more complex map of basal ganglia

connectivity. Striatal neurons projecting to theGPi and SNr

have been shown to send collaterals to the GPe (Levesque

and Parent, 2005). The physiological evidence for the

importance of the direct projections from the motor cortex

to the STN (the “hyper-direct” pathway”, (Nambu, 2004))

indicates that, like the striatum, the STN is an input stage of

the basal ganglia. Moreover, the recently described feed-

back projections from theGPe to the striatum, as well as the

GPe toGPi projection (Bolam et al., 2000), strongly suggest

that theGPe is a central nucleus in thebasal ganglia circuitry

rather than a simple relay station in the indirect pathway.

The last twist in our understanding of the basal ganglia

anatomy came with the re-discovery of basal ganglia

outputs to brain-stemmotor centers, such as the pedunculo-

pontine nucleus and the superior colliculus (Delwaide et al.,

2000). Figure 2.1 summarizes the current view of the

complex connectivity among the basal ganglia nuclei.

PHYSIOLOGICAL STUDIES OF THE BASAL
GANGLIA IN NORMAL PRIMATES

Analysis of neuronal activity at the level of single spikes of

single cells is probably the best way to study the computa-

tional physiology of a neuronal network. The background

(during a quiet awake state) spiking activity of the basal

GPe

Thalamus

CORTEX

StriatumSTN

GPi/SNr

Spinal Cord

BS Motor Centers

Figure 2.1 Schematic view of the connectivity of the

cortex--basal ganglia--muscle networks. White arrows indi-

cate excitatory connections, and black arrows denote in-

hibitory connections. The dopamine projections to the

striatum are not shown. Abbreviations: STN, subthalamic

nucleus; GPe, GPi, external, internal segment of the globus

pallidus; SNc, SNr, substantia nigra pars compacta and

reticulata; BS motor centers, brain stem motor centers, for

example, superior colliculus and the pedunculopontine

nucleus.
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ganglia nuclei is very characteristic. The low-frequency

discharge of striatal neurons (<1 spikes/s by the projection
neurons and 4--10 spikes/s by the tonically active neurons

(TANs), the cholinergic interneurons of the striatum re-

sembles cortical discharge rates. However, this slow dis-

charge contrasts strikingly with the high frequency

(50--80 spikes/s) discharge of GPe, GPi and SNr neurons.

In all these structures the firing rate is irregular (Poisson-

like). Furthermore, neuronal oscillations are seldom

observed in normal awake subjects (DeLong, 1971; Elias

et al., 2007).

Studies exploring the relationship between the spiking

activity of basal ganglia neurons and movements have

found even more unexpected results. The akinesia associ-

ated with PD suggests that the basal ganglia may play a

critical role in movement initiation. Nevertheless, most

basal ganglia neurons change their firing rate after initiation

of stereotyped, over-learned, stimulus-triggered move-

ments (Putamen: (Crutcher and DeLong, 1984; Alexander

and Crutcher, 1990); GP: (DeLong, 1971; Anderson and

Horak, 1985; Mink and Thach, 1991); SNr: (Schultz,

1986)), and do not have any exclusive or consistent rela-

tionships to movement parameters such as start/end, veloc-

ity or amplitude (Mink and Thach, 1991). The data

regarding basal ganglia discharge related to voluntary,

self-initiated movements (Romo, Scarnati and Schultz,

1992; Schultz and Romo, 1992) are still scarce and under

debate. Together with the inconclusive findings of lesion

studies of the output structures of the primate basal ganglia

(Horak and Anderson, 1984; Mink and Thach, 1991; Kato

and Kimura, 1992) the physiological results revealing late

timing of basal ganglia discharge has led to the surprising

conclusion that the basal ganglia do not initiate movements

(Mink, 1996). Rather, basal ganglia inhibitory control of

the thalamic-cortical network probably enables and facil-

itates the execution of learned and semi-automatic move-

ments. Recent advances of our understanding of the role of

striatal dopamine (Schultz, 2007; Calabresi et al., 2007;

Arbuthnott and Wickens, 2007) and acetylcholine (Morris

et al., 2004; Cragg, 2006; Wang et al., 2006) indicate that

these movements are those acquired and shaped by implicit

learning (Bar-Gad, Morris and Bergman, 2003; Daw and

Doya, 2006).

PHYSIOLOGICAL STUDIES IN THE BASAL
GANGLIA NETWORKS OF MPTP-TREATED
PRIMATES AND HUMAN PATIENTS WITH
PARKINSON’S DISEASE

Early physiological studies of Parkinsonian MPTP-treated

monkeys reported increases in the discharge rate within the

GPi (Miller andDeLong, 1987; Filion and Tremblay, 1991)

and the STN (Bergman et al., 1994) as opposed to a

decrease in discharge rate in the GPe (Miller and DeLong,

1987; Filion and Tremblay, 1991). Reversed trends of

pallidal discharge rates in response to dopamine replace-

ment therapy have been reported in both human patients

(Hutchinson et al., 1997;Merello et al., 1999) and primates

(Heimer et al., 2006; Filion, Tremblay and Bedard, 1991;

Papa et al., 1999). The possible role of these rate changes in

the pathophysiology of PD has been verified by the subse-

quent findings showing that inactivation of STN and GPi

could improve the motor symptoms in Parkinsonian ani-

mals (Bergman, Wichmann and DeLong, 1990; Aziz et al.,

1991) and human patients (Machado et al., 2006).

These findings contributed to the formulation and the

popularity of the direct/indirect model of the basal ganglia

(see above). Nevertheless, several studies have failed to

find the expected significant changes of firing rates in the

pallidum (Boraud et al., 2002), thalamus (Pessiglione et al.,

2005) or motor cortical areas (Goldberg et al., 2002) of

MPTP monkeys. This and other inconsistencies with the

assumptions and the predictions of the direct/indirect rate

model have attracted more attention to the potential role of

other aspects of neuronal activity, such as firing patterns

and neuronal synchronization in the pathophysiology of

PD. MPTP monkeys show an increase in the fraction of

basal ganglia neurons that discharge in bursts. These bursts

are either irregular or oscillatory and have been found in the

STN, GPe, GPi and also in the primary motor cortex

(Bergman et al., 1994; Raz, Vaadia and Bergman, 2000;

Miller and DeLong, 1987; Filion and Tremblay, 1991;

Goldberg et al., 2002; Boraud et al., 2001; Wichmann and

Soares, 2006). In most cases the cells tend to oscillate at the

tremor frequency as well as at double or even triple the

tremor frequency (Bergman et al., 1994; Raz, Vaadia and

Bergman, 2000; Heimer et al., 2006). Nevertheless, these

studies have failed to reveal a significant fraction of

neurons whose oscillations are consistently coherent with

the simultaneous recorded tremor (Raz, Vaadia and

Bergman, 2000; Heimer et al., 2006). Both STN inacti-

vation (Wichmann, Bergman and DeLong, 1994) and

dopamine replacement therapy (Heimer et al., 2006) sig-

nificantly ameliorate the 4--7 Hz tremor and reduce the GPi

8--20 Hz oscillations, indicating the critical role of beta

range, higher frequency oscillations, rather than the tremor

frequency oscillations, in tremor generation.

Physiological studies of simultaneously recorded neu-

rons in the pallidum (Raz, Vaadia and Bergman, 2000;

Heimer et al., 2006; Nini et al., 1995; Heimer et al., 2002),

as well as in the primary motor cortex (Goldberg et al.,

2002), among striatal TANs and between TANs and palli-

dal neurons (Raz et al., 1996; Raz et al., 2001) in MPTP-

treated monkeys demonstrate that their pair-wise cross-

correlograms become peaked and oscillatory. The abnor-

mal pallidal synchronization decreases in response to

dopamine replacement therapy (Heimer et al., 2006). In
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most cases, the maximal power of the synchronous oscilla-

tions was found to be at double the tremor frequency (Raz,

Vaadia and Bergman, 2000; Heimer et al., 2006; Raz et al.,

1996; Raz et al., 2001). Similar, double tremor frequencies

were observed also in the STN of both akinetic-rigid- and

tremor-dominant human PD patients undergoing DBS

procedures (Moran, Bergman, Israel, Bar-Gad, unpub-

lished results). These correlation studies therefore suggest

that striatal dopamine depletion induces abnormal coupling

of basal ganglia loops, but mainly in a higher, beta

frequency range.

As in the MPTP primate, single unit studies of the basal

ganglia of human PD patients (performed during

electrophysiological mapping of the target area for thera-

peutic implantation of stimulating electrodes) have re-

ported a high fraction of GPi and STN cells oscillating

at the tremor frequency (Hutchison et al., 1997;Weinberger

et al., 2006; Levy et al., 2002). However as in the primate,

the human studies (Lemstra et al., 1999; Hurtado et al.,

1999; Hurtado et al., 2005) show that these oscillations are

not fully coherent with the simultaneously recorded tremor.

Advanced time-dependent phase correlation techniques

have been applied to pairs of tremor-related GPi single

units and EMG of PD patients undergoing stereotactic

neurosurgery. Analysis using short sliding windows shows

that oscillatory activity in both GPi oscillatory units and

muscles occurs intermittently over time. There is partial

overlap in the times of oscillatory activity but, in most

cases, no correlation has been found between the times of

oscillatory episodes in the two signals. Phase-locking

analysis reveals that pallidal oscillations and tremor are

punctuated by phase slips, which have been classified as

synchronizing or desynchronizing. The results of this high-

level quantitative characterization of PD tremor and palli-

dal oscillations can be explained by either a very dynamic

connectivity from the basal ganglia to the periphery, or by

tremor generators downstream of the basal ganglia. The

sharp contrast between this transient and inconsistent pal-

lidal-tremor synchronization and the high synchronicity

found between thalamic Vim neurons and the tremor (Lenz

et al., 1988) suggest that pallidal neurons cannot be viewed

as the tremor generators, or as simple encoders of the

proprioceptive feedback of the tremor.

PHYSIOLOGICAL STUDIES OF
POPULATION ACTIVITY IN THE BASAL
GANGLIA NETWORKS OF DOPAMINE-
DEPLETED ANIMAL MODELS AND
HUMAN PATIENTS WITH PARKINSON’S
DISEASE

Synchronization of basal ganglia neuronal activity is also

evident in the local field potentials (LFP) recorded in the

basal ganglia of PD patients throughmacro-electrodes used

for high-frequency stimulation of these structures. These

oscillations occur mainly in the high beta range (15--30 Hz)

and following treatment with levodopa shift to higher

frequencies (40--70 Hz) in the gamma range (Kuhn

et al., 2006; Hammond, Bergman and Brown, 2007). In

line with both the single unit and the LFP studies, magne-

toencephalographic (MEG) studies (Timmermann et al.,

2003) of tremor-type PD patients have revealed a strong

coherence between the tremor and activity in the motor and

sensory cortices and the cerebellum at tremor frequency,

and an even stronger coherency at double tremor frequency.

Spectra of coherence between thalamic activity and cere-

bellum as well as several other brain areas have revealed

additional broad peaks at around 20 Hz.

Studies ofLFPs recorded from the frontal cortex andSTN

of rats following 6-OHDA lesions of midbrain dopamine

neurons (Sharott et al., 2005) have revealed significant

increases in the power and coherence of beta-frequency

oscillatory activity. Administration of the dopamine recep-

tor agonist apomorphine to these dopamine-depleted ani-

mals suppressed the beta-frequency oscillations, and

increased coherent activity at gamma frequencies in the

cortex and STN. Thus, the pattern of synchronization be-

tween population activity in the STN and cortex in the

6-OHDA-lesioned rodent model of PD is closely paralleled to

that seen in PD human patients and the primate MPTP model.

Recordings of both LFPs and multi-neuronal activity

from microelectrodes inserted into the STN in PD patients

during functional neurosurgery suggests that the discharges

of some of the neurons in the STN are locked to beta

oscillations in the LFP (Kuhn et al., 2005). LFPs probably

represent the synaptic input to a neural structure and its sub-

threshold slow activity. The discrepancies between LFP

oscillatory activity as compared to neuronal activity (both

in their frequency domains, prevalence and power) may be

due to the fact that even quite strong synchronized inputs

(as reflected in the LFP) may lead to weak correlations in

the neuronal discharge. On the other hand, correlations can

be very low at the neuronal pair-wise level, but still

summate and become substantial at the population (LFP)

level (Goldberg et al., 2004; Schneidman et al., 2006). We

therefore conclude that the hallmark of the dopamine-

depleted basal ganglia network is its abnormally strong

synchronized state.

ADVANCED NEUROSURGICAL
TREATMENTS OF PARKINSON’S DISEASE:
WHAT THEY TELL US ABOUT PD
PHYSIOLOGY

The most important prediction of the dual pathway model

of the basal ganglia (see above) and the finding of
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abnormal tonic firing rate in the basal ganglia of MPTP

monkeys was that ablation or inactivation of the GPi or

STN should lead to the alleviation of parkinsonian symp-

toms. Inactivation of the GPi would remove the excessive

inhibitory drive to the frontal cortex (via the thalamus) and

the resulting suppression of voluntary movements. Simi-

larly, destroying the STN would remove the excessive

excitatory drive to the GPi. This would normalize GPi

output, thereby reducing the inhibition of the frontal

cortex.

These predictionswere in fact supported by early pallidal

ablation therapy of PD. Pallidotomy, which had been

largely abandoned since the advent of levodopa therapy,

was shown to be very successful at alleviating akinesia and

rigidity of human patients (Laitinen, Bergenheim and

Hariz, 1992; Lozano et al., 1995; Vitek and Bakay,

1997). Injection of excitatory amino acid antagonists into

theGPi ofMPTP-treatedmonkeyswas shown to reverse the

motor symptoms of parkinsonism (Graham et al., 1990).

STN permanent lesions and temporal inactivation (by

injection of the GABA agonist, muscimol) were shown by

several groups to reverse parkinsonian symptoms in MPTP

primates (Bergman, Wichmann and DeLong, 1990; Wich-

mann, Bergman and DeLong, 1994; Aziz et al., 1991;

Guridi et al., 1993; Guridi et al., 1996). The primate results

set the stage for the introduction of subthalamotomy as a

treatment for PD patients (Obeso et al., 1997; Gill and

Heywood, 1997) and for the development of deep brain

stimulation (DBS) of the STN as an alternative treatment

for PD.DBSof the STNand theGPi have been successful at

alleviating parkinsonism both in PD patients (Limousin

et al., 1995; Pollak et al., 1996; Kumar et al., 1998) and in

MPTP primates (Benazzouz et al., 1996). Today DBS is

preferred by neurosurgeons over ablative surgery due to its

reversibility and parameter tuning capabilities (Lang and

Lozano, 1998;Gross et al., 1999). There are indications that

GPi stimulation is best suited to treat levodopa-induced

dyskinesia (LID) and rigidity, whereas STN stimulation is

best fit for treatment of akinesia, rigidity and tremor

(Limousin et al., 1995; Pollak et al., 1996; Kumar et al.,

1998; Benabid et al., 1994). However, significant reduction

of the dopamine replacement therapy is better achieved

with STNDBS, and therefore this is the procedure of choice

in most centers. An updated description of surgical tech-

niques and patient management during DBS surgery

for advanced PD has been published as Supplement 14

to Volume 21 of Movement Disorders, 2006 (see also

Chapter 7: Surgery for Parkinson’s Disease, this volume).

The mechanism of DBS on neuronal discharge is still

debated. Early studies (Ranck, 1975; Stoney, Thompson

and Asanuma, 1968) showed that when metal microelec-

trodes are used, the susceptibility of nerve fibers is much

higher than that of the cell bodies, suggesting that micro-

stimulation activates bypassing fibers. In any case, the

classical interpretation of the effect of micro-stimulation

on the motor cortices has been that the stimulation induces

excitation of the cortex or cortico-spinal axonal pathways

and thus evokes movement of different body parts. Since

the effect ofDBS in PD is paradoxically similar to the effect

of lesions (e.g., neuronal inactivation) the question of the

actual effect of DBS has been recently addressed both in the

MPTP primate model and in human PD patients. In the

MPTP primate, DBS in the GPi has been shown to reduce

the discharge rates to within the normal range (Boraud

et al., 1996). Similar results have been described in rodent

studies (Benazzouz et al., 2000) and in human PD patients

(Dostrovsky et al., 2000; Maltete et al., 2007). There are

several possible mechanisms to explain these results: de-

polarization block of the stimulated neurons, stimulation of

bypassing inhibitory pathways, and/or induction of GABA

release from the terminals of the GPe projection neurons,

thereby inhibiting the target GPi neurons. A major differ-

ence between human DBS and primate or human micro-

stimulation is that the former uses macro-electrodes (with

impedances in the ranges of a few kW). The current densi-

ties around the stimulating macro-electrodes are much

smaller than with micro-stimulation, and therefore the

mechanisms of clinical macro deep brain high-frequency

stimulation are still debated.

Application of DBS to the STN of MPTP primates has

also generated conflicting results. In one early study, DBS

was found to differentially affect the mean discharge rates

in the GPe and GPi for several hours after the DBS: it

caused an increase in the former and a decrease in the latter

(Hayase et al., 1996). In amore recent study themean firing

rates increased in both pallidal segments during STN DBS

(Hashimoto et al., 2003) and GPi DBS lead to suppression

of thalamic discharge (Anderson, Postupna and Ruffo,

2003). DBS with macro-electrodes has been recently

shown in rats in vivo to directly depolarize the membrane

potential of the STN neurons (Garcia et al., 2003). Thus,

DBSmay enforce high-frequency homogenous (in time and

space) discharge in the basal ganglia and “jamming” of

their abnormal output rather than inhibition (Benabid,

2003; Bar-Gad et al., 2004; Miocinovic et al., 2006).

In summary, the precise neuronal mechanism of DBS

(e.g., effects on neurons or fibers in the area of electrode,

effect of the stimulated area or remote structures, etc.) is

still an open issue. In any case, the similar effects of

thalamic and STN/GPi DBS, despite the GABAergic con-

nectivity between these two structures, supports the hy-

pothesis that the main effect of DBS is mediated by

enforcing a constant spatio-temporal firing pattern, rather

than modulation of discharge rate, on pallidal or thalamic

neurons. This enables the cortical network to ignore the

pathological synchronized oscillatory “noisy” drive of the

basal ganglia, and to provide a compensation for their

missing gating signal.
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SUMMARY AND CONCLUSIONS

In this review we have explored the possible relationships

between basal ganglia neuronal activity and PD clinical

symptoms. PD is the result of dopamine depletion in the

striatum----the input stage of the basal ganglia. Akinesia,

rigidity and rest tremor are the major motor symptoms of

PD. Nevertheless, cumulative clinical and experimental

evidence support the view that they are not generated by

identical neuronal mechanisms. Following striatal dopa-

mine depletion, many basal ganglia neurons develop syn-

chronous oscillations at the tremor frequency and at their

higher harmonics, as well as in the beta range. However, the

PD tremor does not strictly follow the basal ganglia oscil-

latory activity. The recent demonstration of anatomical

connections between the cerebellum and the basal ganglia,

both at the cortical, striatal and brain stem level may

suggest that the cerebellum is associated with the move-

ment disorders classically described as pure basal ganglia

disorders. The critical role of the cerebellar output in the

generation of PD tremor has been demonstrated by primate

lesion studies and the efficacy of Vim intervention in

treatment of PD tremor. These findings, along with the

physiological studies of the normal basal ganglia indicating

that the basal ganglia do not initiate movements, strengthen

the supposition that the abnormal synchronous beta-range

(higher than tremor frequency) oscillations in the basal

ganglia provide noisy input to the frontal cortex. The

abnormal driven activity of the frontal cortex hinders the

normal functioning of themotor cortices and hence leads to

PD akinesia.We further suggest that rigidity and tremor are

generated by basal ganglia downstreammechanisms strug-

gling to compensate for PD akinesia. The stronger associa-

tion between akinesia and rigidity as opposed to the more

independent nature of PD tremor may indicate that rigidity

and tremor are generated by different mechanisms.
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OVERVIEW

Over the last decade, significant advances in understanding

the neural mechanisms underlying Parkinson’s disease

have been driven by, and led to, a paradigm shift in our

understanding of the pharmacology of this disorder. This

chapter will review how our understanding of the pharma-

cology of Parkinson’s disease now combines an increasing

appreciation of:

1. The manner in which the functioning of different parts

of the basal ganglia circuitry must be integrated to

understand the pharmacological processes underlying

the pathophysiology of both parkinsonism per se and

the motor complications of dopamine replacement

therapy in Parkinson’s disease,

2. Interactions between dopamine and many non-dopa-

minergic transmitters,

3. The means by which various sub-types of dopaminer-

gic and non-dopaminergic receptors, each with an-

atomically distinct distribution and different

downstream signaling cascades, mediate their effects.

A CIRCUIT-BASED MODEL OF BASAL
GANGLIA PHARMACOLOGY

Thirty years ago, explanations of the pharmacology of

Parkinson’s disease were often reduced to amodel whereby

the basal ganglia were represented as a single black box

whose pharmacology could be described by a simple, “see-

saw”-like mechanism balancing the effects of dopamine

and acetylcholine transmission. It was seen as something

of an advance when, in the early 1980s, this model was

refined to highlight instead the balance between dopami-

nergic and glutamatergic systems. In these simple models,

parkinsonism was characterized by a reduction in dopami-

nergic transmission and an increase in cholinergic or

glutamatergic signaling. Hyperkinetic syndromes such as

L-DOPA-induced dyskinesia were seen simply as the direct

opposite, with the balance reversed. These explanations of

basal ganglia pharmacology were generally devoid of any

anatomical detail; it was usually assumed, if not made

explicit, that they referred to the pharmacology of the

striatum. Furthermore, they did not explain the roles of

the many other transmitter systems found within the basal

ganglia, sub-types of receptors or second messenger sig-

naling systems. The models provided no explanation as to

how, or why, the proposed imbalances might effect patho-

physiological processes, such as changes in firing rate or

pattern or indeed motor control overall. However, while

capturing little of the complexity of our current understand-

ing of basal ganglia pharmacology, these ideas did at least

open the door for the concept that non-dopaminergic

mechanisms might be involved in a spectrum of movement

disorders.

Today, an understanding of the pharmacology of move-

ment disorders requires a multi-dimensional perspective,

where the effects of a panoply of transmitters, each acting at

several sub-types of receptors, regulate distinct neuronal

populations and the activity of discrete anatomical path-

ways within the basal ganglia. The path to this understand-

ing was trail-blazed in the mid-1980s by a small number of

research groups worldwide, who built the idea that the

pharmacology of movement disorders could not be under-

stood unless the models were expanded to include a repre-

sentation of circuits combined with an involvement of

several non-dopaminergic transmitter systems (Penney and

Young, 1986; Mitchell et al., 1989; Mitchell et al., 1986;

Bergman et al., 1990). This required an appreciation of how

dopaminergic and non-dopaminergic transmitter systems

interact to regulate the activity of the different component

nuclei of the basal ganglia with most importance to the

control of movement. The power of this approach to

conceptualizing basal ganglia pharmacology derives from

the fact that it incorporates sufficient, but not too much,

anatomical detail, to enable it to provide apparently
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meaningful explanations as to how transmitters interact and

how such interactions would impact on behavior. Although

many circuits likely work in parallel to subserve multiple

functions (Alexander et al., 1990), the core components of

this circuitry are illustrated in Figure 3.1.At itsmost simple,

the model places the striatum as the major input region of

the basal ganglia and the internal globus pallidus (GPi) and

the substantia nigra pars reticulata (SNr) as the source of

outputs to non-basal ganglia regions of the brain. The inputs

to the striatum are primarily glutamatergic and dopaminer-

gic. Striatal output neurons are medium sized with many

dendritic spines and are termed medium spiny neurons

(MSNs). MSNs are GABAergic but utilize a range of

peptides as co-transmitters. MSNs do not function in

isolation, but communicate with each other via a rich

network of recurrent collaterals and are integrated with

several classes of interneurons, including those employing

acetylcholine, GABA and nitric oxide as transmitters.

Two major routes by which the striatum can influence the

GPi/SNr are identified, a “direct” monosynaptic pathway

and an “indirect” pathway, or network. The indirect path-

way involves poly-synaptic connections through the inter-

mediary of the external globus pallidus (GPe) and the

subthalamic nucleus. In addition to their involvement in

the direct and indirect pathways, MSNs project from the

striatum to the dopaminergic neurons of the substantia nigra

pars compacta (SNc) and ventral tegmental area (VTA).

Theseprojectionsare localizedwithinspecificpatches in the

striatum, “striosomes,” which are surrounded by a “matrix”

containing neurons projecting to the GPi, SNr and GPe.

This core circuitry is used as the basis for models to

describe the functioning pharmacology of the basal ganglia

in health and disease. Thus, the impact of dopamine

depletion, with progressive death of dopamine neurons in

Parkinson’s disease, is to generate an imbalance in the

activities of the direct and indirect pathways. The details of

these imbalances and their causation can be debated, but it

is generally considered that the generation of parkinsonian

symptoms is associated with:

1. Overactivity of MSNs of the indirect pathway,

2. Overactivity of the subthalamic nucleus and,

3. Overactivity of basal ganglia outputs from GPi

and SNr.

In contrast, in situations where the treatment of

Parkinson’s disease is compromised by motor complica-

tions, such as L-DOPA-induced dyskinesia, “on--off” or

“wearing-off” fluctuations, the situation is almost the mir-

ror of parkinsonism (Brotchie, 2005; Bezard et al., 2001;

Cenci, 2007). Thus, the expression of motor complications

is associated primarily with:

1. Overactivity of MSNs of the direct pathway,

2. Underactivity of the subthalamic nucleus and,

3. Underactivity of basal ganglia outputs from the

GPi and SNr.

In accepting the above-described descriptions of func-

tional pharmacology, it is important to realize that there has

been much debate about the ability of the model to capture

the complexity of basal ganglia anatomy and its apparent

inability to explain how firing patterns, and not just rates,

change in pathological conditions (Obeso et al., 2000;

Wichmann and DeLong, 1999; Obeso et al., 1997). Indeed,

while these parameters are not explicitly modeled, in

interpreting the model we must consider that terms such

as overactivity reflect both average firing rate, over min-

utes, and changes in firing pattern such as increased inci-

dence of burst, and over single firing, that might impact on

average rate. Furthermore, these changes are reflected in,

and likely result from, changes in the synchronization of

Figure 3.1 Basal ganglia circuitry. Dopaminergic neurons

of the substantia nigra pars compacta (SNc) provide a dense

innervation of the striatum. The striatum projects to other

regions of the basal ganglia via medium-sized spiny neu-

rons (MSNs). Two major classes of MSNs can be defined

on both anatomical and pharmacological bases, the first

project the output regions of the basal ganglia, internal

globus pallidus (GPi) and the substantia nigra pars reticu-

lata, the so-called “direct pathway” neurons. The second

class of MSN project to the external globus pallidus (GPe),

as this projection influences the basal ganglia outputs via

the intermediary of the GPi and subthalamic nucleus

(STN), they are described as components of the indirect

pathway. MSNs projecting to the dopaminergic neurons of

the SNC can be considered, in terms of their pharmacology,

to be similar to direct pathway MSNs.
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neuronal ensembles within and across regions of the basal

ganglia.

It can be argued that the advances it provides are

minimal in that the earlier single black box models are

just replaced by a model that has five, or more, function-

ally dependent black boxes. These cannot explain basal

ganglia function in detail and at best can only be regarded

as a metaphor for basal ganglia function. However, it is

remarkable that such a simple framework can accurately

predict how specific manipulations of transmitter systems

within the basal ganglia circuitry will impact on motor

function and also define efficacy of potential pharmaco-

logical approaches. In this latter respect, the model is

particularly predictive in defining the pharmacology of

parkinsonism and dyskinesia.

CELLULAR AND MOLECULAR
PHARMACOLOGY OF THE BASAL
GANGLIA

The, now classic, framework of the functional anatomy of

the basal ganglia circuits, described above, has, in the last

decade, been enriched by an evolving understanding of its

molecular and cellular pharmacology. In particular the

understanding of the functions of, and interactions between,

dopamine, glutamate and acetylcholine are much better

appreciated. The differences between the roles played by

these transmitters in neurons of the direct and indirect

pathway have become clearer, with an evolving under-

standing of the differential distribution of dopamine, ace-

tylcholine and glutamate receptors; this is summarized in

Figure 3.2.

Dopamine

Dopaminergic afferents to the striatum are provided by the

substantia nigra pars compacta (SNc) and the ventral

tegmental area (VTA). These inputs impact on medium-

sized spiny neurons (MSNs), which represent the output

neurons of the striatum, and on a variety of interneurons.

Dopamine has differential effects on MSNs of the direct

and indirect pathway. Thus, at least when considered at the

level of intact circuits, dopamine has an inhibitory effect

on the indirect pathway and an excitatory effect on the

direct pathway. Over recent years, there has been much

debate as to the cellular and molecular basis of these

functional properties. It is now accepted that neurons of

the direct pathway preferentially express the D1 sub-type

of dopamine receptors while those of the indirect pathway

express predominantly D2 dopamine receptors. The re-

spective excitatory and inhibitory actions of dopamine on

neurons of the direct and indirect pathway could thus

be explained by D1 and D2 receptors having different

second-messenger signal-transduction pathways, the for-

mer being via an activation of adenylyl cylcase and

increase in cAMP levels, the latter by inhibiting adenylyl

cyclase. However, it is likely not as simple as D1 receptors

being excitatory and D2 receptors being inhibitory. In fact,

dopamine is invariably inhibitory on all MSNs if applied

to striatal slices in standard electrophysiological experi-

ments. The difference in dopaminergic regulation of the

functioning of the direct and indirect pathways probably

results from a combination of the D1--D2 split, the func-

tioning of the circuit as a whole and interactions with other

transmitter systems.

Dopamine also provides powerful regulation of inter-

neuron function in the striatum. D1 receptor stimulation

drives acetylcholine release. D2 receptor stimulation re-

duces acetylcholine release (Maurice et al., 2004). As will

be described below, acetylcholine has multiple actions in

the striatum and this dichotomy of D1 and D2 effects

provides a further way in which the functional outcome

of D1 and D2 receptor stimulation, on the activity of the

direct and indirect pathways, is determined by mechanisms

in addition to their actions on MSNs.

Striatal D2 receptors are also localized pre-synaptically

on dopamine terminals and their activation can reduce

dopamine release. In this way, D2 receptor activation can

further modulate D1 receptor activity indirectly.

In addition to D1 and D2 receptors, the striatum also

expressesD3 (which areD2-like in terms of pharmacology)

and D5 (D1-like) receptors. D3 receptors appear to be

expressed primarily in MSNs of the direct pathway. The

role of D3 receptors in manyways appears to oppose that of

D1 receptors with which they are co-expressed, though

their levels of expression in the normal situation are

relatively low, at least in the sensorimotor and associative

regions of the striatum.D5 receptors are expressed inMSNs

and cholinergic interneurons. In MSNs, D5 receptors work

in concert with D2 receptors to regulate GABAA channel

signalling, D5 receptor stimulation reduces the expression

of GABAA channel sub-units, and thus inhibits GABA

signalling in MSNs.

Outside the striatum, dopamine has a multitude of ac-

tions, which are often overlooked. The GPe has high levels

of D2 receptors; these are localized pre-synaptically on

terminals of inputs from the striatum. Activation of pallidal

D2 receptors reduces GABA release from these indirect

pathway neurons. In a similar way, D1 receptors are

localized on terminals of direct pathway neurons in the

GPi and SNr, activation of these receptors enhances GABA

release. In the subthalamic nucleus, both D1 and D2-like

receptors regulate neuronal excitability, enhancing and

reducing activity respectively. While D1 and D2 receptors

mediate these effects in part, there is increasing evidence of

an involvement of D4 (inhibitory) and D5 (excitatory)

receptors in these actions.
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Glutamate

Excitatory glutamatergic inputs to the basal ganglia derive

from diverse regions of the cerebral cortex and the cen-

tromedian and parafascicular nuclei (CM/Pf) of the thala-

mus. These are targeted mainly on the striatum and the

subthalamic nucleus. In terms of the sub-cellular organiza-

tion the glutamatergic afferents to the striatum, the corti-

costriatal inputs impinge upon the spines of MSNs while

those of the thalamostriatal pathways synapse more proxi-

mally on dendrites close to cell bodies. The functional

relevance of this is reflected in potential modulation of

cortical afferents by dopaminergic afferents, which synapse

on the base of dendritic spines. This localization allows

dopamine to gate the spreading of glutamatergic excitation

by the corticostriatal pathway to a much greater extent than

the thalamocortical projection. Glutamatergic excitation of

striatal neurons appears to involve all major classes of

glutamate receptor, namely the ionotropic receptors

(NMDA, AMPA and kainate receptors) and metabotropic

receptors (mGluRs).

A single glutamatergic nucleus, the subthalamic nucleus,

is intrinsic to the basal ganglia and provides substantial

excitatory influence on the output regions of the basal

ganglia, GPi and SNr, as well as on functionally important

projection to the SNc, GPe and CM/Pf thalamus.

NMDA receptors are composed of heteromeric com-

plexes of, most likely four, sub-units, from two families

termed NR1 and NR2. Two NR1 sub-units are required for

the formation of functional channels activated by gluta-

mate. The NR2 composition, in particular, defines the

pharmacology of an NMDA receptor, and to some extent

also its function, particularly with respect to channel open-

ing kinetics and involvement in synaptic plasticity. In

striatal MSNs, NMDA receptors are composed of the

ubiquitous NR1 sub-units, and express NR2A and NR2B

sub-units. The precise molecular composition of these

receptors is not clear, be they binary, that is, containing

two sub-units each of NR1 and NR2A, or two each of

NR1 and NR2B, or ternary, containing two NR1 sub-units

and one each of NR2A and NR2B. Furthermore, at

present, it is not clear whether the nature of NMDA

receptors differs in MSNs of the direct pathway and the

indirect pathway.

AMPA receptors mediate fast excitatory transmission by

glutamate in the striatum. All MSNs and interneurons

appear to expressAMPA receptors.However, there appears

to be differences in the sub-units expressed, which suggests

functional differences in AMPA transmission in different

neuronal types.

In addition to effects in the striatum, NMDA and AMPA

receptors also mediate excitation by the subthalamic nu-

cleus. In the subthalamic nucleus, activation of NMDA, but

not AMPA, receptors is thought to be responsible for

switching from single spike to burst firing modes.

Figure 3.2 Relative distribution of sub-types of receptors between direct and indirect pathway neurons of the striatum.

Medium spiny neurons (MSNs) of the striatum are GABAergic but use a range of peptides as co-transmitters. In addition,

MSNs receive glutamatergic, dopaminergic and cholinergic afferent connections. The nature of receptorsmediating signaling

by these transmitters differs between MSNs of the indirect (A) and direct (B) pathways. This figure does not attempt to

illustrate the sub-cellular distribution of receptors, which varies significantly between dendritic spine or soma depending on

the case.
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Metabotropic glutamate receptors (mGluRs) are classi-

fied in three groups, I, II and III. Group I mGluRs (mGlu1
and mGlu5) are typically post-synaptic and excitatory.

Group II (mGlu2 andmGlu3) andGroup III (mGlu4,mGlu6,

mGlu7 and mGlu8) are typically pre-synaptic, their activa-

tion leading to reduced release of neurotransmitter.

In the striatum, Group ImGluRs exciteMSNs of both the

direct and indirect pathways. However, the effects of

Group I mGluR activation are complex and an initial

excitatory response is often followed by an inhibitory

response, this latter effect involving mGlu5 and release of

endogenous cannabinoids (see below). In addition, mGlu5
also plays a role in integrating signals between glutamate,

adenosine and dopamine; mGlu5, A2A and D2 receptors,

being closely co-localized on spines of MSNs on the

indirect pathway (Diaz-Cabiale et al., 2002; Fuxe et al.,

2003). Group II mGluRs in the striatum reduce NMDA

receptor-mediated release of acetylcholine from choliner-

gic interneurons, by a mechanism dependent on dopamine.

Outside the striatum, other actions of mGluRs are seen.

Thus, Group ImGluRsmediate long-lasting excitation, and

may support burst firing, in the GPe, GPi and substantia

nigra. Group II mGluRs can reduce glutamate release from

the subthalamic efferents to the globus pallidus. Activation

of group III mGluRs pre-synaptically reduces both

GABAergic and glutamatergic transmission in the rat

globus pallidus and substantia nigra.

Acetylcholine

Large spiny interneurons provide an intrinsic cholinergic

innervation of the striatum. These cholinergic neurons are

tonically active and play a critical role in learning and

memory, reducing their activity immediately prior to learn-

ing components of motor tasks and providing encoding of

contextual information that is important in selection of

appropriate motor functions (Apicella, 2007; Cragg, 2006;

Pisani et al., 2001).

Cholinergic receptors of both muscarinic (mAChR) and

nicotinic (nAChR) families are important mediators of

cholinergic regulation of signalling within the striatum.

Two sub-types of mAChRs are found in high levels on

striatal MSNs,M1 andM4. Although not complete, there is

a differential expression of these receptors such that the

MSNs of the direct pathway express M4 receptors at much

higher levels than those of the indirect pathway (Ince et al.,

1997). M1 receptors couple to the G protein Gq/11 and are

generally excitatory, whereas M4 receptors couple to Go

and are generally inhibitory. In the direct pathway, there is a

functional balance between D1 receptors and both M1,

which enhance, and M4, which reduce D1 signalling

(Sanchez-Lemus and Arias-Montano, 2006).

Nicotinic receptors regulate pre-synaptic function in the

striatum, acetylcholine stimulation of striatal nAChRs

enhances the release of dopamine. Interestingly, selective

activation of a sub-type nAChRs, termed a4b2, leads to

dopamine release that is preferentially targeted to stimulate

D2 receptors of the indirect pathway, whereas stimulation

of both a4b2 and a7 receptors leads to stimulation of D1

receptors on the direct pathway, via amechanism involving

a7-induced release of glutamate (Hamada et al., 2004).

Peptides

A characteristic of striatal MSNs is that they utilize neu-

ropeptides as co-transmitters withGABA. In fact, the use of

neuropeptide transmitters by neurons equivalent to MSNs

is highly conserved across a range of vertebrate species.

MSNs of both the direct and indirect pathways utilize

opioid peptides as co-transmitters with GABA. These are

released within the striatum, and in the target regions of

these pathways, that is, the GPe/GPi and SNr. However,

there is a qualitative difference between the opioid em-

ployed by the two classes of MSN (Figure 3.2).

MSNs of the indirect pathway utilize opioid peptides

produced from a high molecular weight precursor termed

pre-proenkephalin-A (PPE-A). This precursor produces

peptides, leu- and met-encephalin, which are relatively

selective ligands for d-opioid receptors. In contrast, neu-

rons of the direct pathway produce opioid peptides derived

from pre-proenkephalin-B (PPE-B). While PPE-B is often

termed pro-dynorphin, and indeed is a precursor of several

dynorphins, inMSNs it is, in addition, processed to produce

other opioid peptides, including leu-enkephalin and

a-neoendorphin. These peptides can be released from

collaterals in the striatum as well as in the output regions

of the basal ganglia and the SNc and VTA. Opioid peptides

produced from PPE-B show some promiscuity between

opioid receptors, but, in general terms, dynorphins, leu-

enkephalin and a-neoendorphin show some selectivity for

k-, d- and m-opioid receptors respectively. k-opioid recep-
tors are distributed throughout the striatum and mediate
pre-synaptic regulation of afferent inputs to the striatum.
By virtue of being localized pre-synaptically on dopami-
nergic and glutamatergic terminals k receptors can reduce
the release of both these transmitters. Within the striatum,
m-opioid receptors, are localized pre-synaptically on
dopamine terminals; stimulation of these receptors en-
hances dopamergic transmission. m-receptors are more
concentrated in striosomes, where, presumably, they play
a role in the regulation, by dopamine, of striosomal MSNs
that project back onto dopaminergic neurons in the
mesencephalon.
In GPe, the terminals of the indirect pathway MSNs

release enkephalins, which acting via d-opioid receptors,

reduce GABA release. In GPi/SNr, release of peptides

produced from PPE-B, from terminals of the direct path-

way, have potential to reduce glutamate release from
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subthalamic efferents, via k-opioid receptors, and inhibit

output neurons, via m-opioids.
In addition to opioid peptides, MSNs use additional

peptides as co-transmitters. Thus, neurons of the direct

pathway synthesise tachykinins, especially substance P,

from pro-tachykinin. Release of tachykinins by the direct

pathwaymay contribute to D1 receptor-mediated actions to

produce movements; these actions involve NK1 and NK3

tachykinin receptors in the substantia nigra and NK1

receptors in the striatum. On the other hand, MSNs of the

indirect pathway do not produce tachykinins but do utilize

neurotensin. The NTR-1 sub-type of neurotensin receptors

are located in the GPe and their stimulation provides

excitation of these neurons. This action is mediated via

both a post-synaptic action and a facilitation of glutamate

release (Chen et al., 2006; Martorana et al., 2006). Neu-

rotensin is also released in the striatum, presumably from

recurrent collateral of indirect pathway neurons. In the

striatum, neurotensin increases dopamine, glutamate and

acetylcholine release, this latter action being unmasked

only in the absence of D2 receptor stimulation.

Two other opioid-related peptides have been described

as having relevance to striatal function. Firstly, the striatum

contains high levels of endomorphin-1. Endomorphin-1 is a

potent and selective endogenous ligand for m-opioid
receptors and thus offers an alternative to PPE-B-derived
a-neoendorphin as a means to stimulate m- opioid receptors
and regulate striatal dopamine release. However, it is not
clear whether endomorphin-1 is synthesized within the
striatum or released from one of the striatal afferents.

Other Transmitters

In addition to the transmitters discussed above, over 40

additional neurotransmitters and neuromodulators have

been described as having functionswithin the basal ganglia.

A brief review of those for which there is most evidence of

an involvement in the pathophysiology of movement dis-

orders is given here.

5-Hydroxytryptamine (5-HT, serotonin) provides a

dense and widespread innervation of the basal ganglia,

involving a range of 5-HT receptors. In the striatum, 5HT1A

receptors located pre-synaptically can reduce the synthesis

of dopamine and reduce the release of glutamate. In con-

trast, 5-HT2A receptors are located on MSNs, mainly on

dendrites. Stimulation of 5HT2A receptors enhances motor

behaviors elicited by D1 receptor stimulation. Outside the

striatum, the globus pallidus and substantia nigra contain

high levels of 5HT2C receptors. Stimulation of these re-

ceptors excites GABAergic neurons, output neurons of GPi

and SNr.

Although a2 adrenergic receptors are found in high

levels in the basal ganglia, there has been some debate as

to the functional relevance of any noradrenergic innerva-

tion of these regions. The endogenous activator of basal

ganglia a2 receptors may be dopamine as well as noradren-

aline. a2 adrenergic receptors are localized post-synapti-

cally on striatal MSNs. It has been proposed that they

enhance behaviors mediated via the direct pathway. The

interplay between sub-types ofa2 adrenergic receptors is of

importance. In general terms, it can be assumed that

stimulation of pre-synaptic a2A receptors reduces release

of noradrenaline and thus reduces stimulation of a2C

receptors, which might either be post-synaptic, for exam-

ple, on MSNs in the striatum, or pre-synaptic, for example,

heteroreceptors on GABAergic terminals of MSN projec-

tions to the SNr. Thus, in the striatum, noradrenaline release

is reduced by stimulation of a2 receptors, particularly a2A

receptors, and this can lead to reduced stimulation of post-

synaptic a2C receptors. In the SNr, GABA release is

increased by a2 stimulation, because stimulation of a2A

receptors reduces noradrenaline release, which leads to

decreased inhibition of GABA release by a2C receptors.

The striatum and GPi contain amongst the highest con-

centration of adenosine A2A receptors in the CNS

(Schwarzschild et al., 2006). A2A receptors are coupled to

the G-protein Gs and stimulate adenylyl cyclase and cAMP

synthesis. As such they work to balance the effects of D2

dopamine receptors, with which they are intimately linked.

A2A and D2 receptors form functional integrative units,

along with Group I mGluRs, in the dendritic spines of

MSNs. Indeed, A2A and D2 receptors may be so closely

linked as to be physically associated in heteromeric com-

plex (Fuxe et al., 2003). There is also some evidence that

CB1 cannabinoid receptors might also contribute to these

complexes. Adenosine release and A2A stimulation are

driven, in part at least, via NMDA receptor stimulation,

and thus A2A receptors contribute indirectly to glutama-

tergic excitatory processes in the striatum. In the GPe, A2A

receptors on the terminals of MSN projections from the

striatum, stimulate the release of GABA.

Endogenous cannabinoids (endocannabinoids) are

neurotransmitters capable of stimulating cannabinoid

receptors. Within the basal ganglia, the principal endocan-

nabinoids are anandamide and 2-AG, their cannabinoid-

like actions aremediated via the CB1 cannabinoid receptor.

These endocannabinoids are small lipophilicmolecules and

share an important property of being able to move freely

from the neuron in which they are synthesized to an

adjacent neuronwithout requiring themolecularmachinery

typical of synaptic transmission. Their synthesis can thus be

triggered by a classical neurotransmitter and their release

mediates signaling across a synapse in a retrogrademanner.

Endocannabinoids are released from post-synaptic neurons

by strong depolarization and resultant Ca2þ elevation or

activation of Gq/11-coupled receptors such as Group I

mGluRs or M1 muscarinic acetylcholine receptors. In the

striatum, the actions of endocannabinoids, once released,
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are to reduce glutamate, dopamine andGABA transmission

(Narushima et al., 2006; Narushima et al., 2007). Outside

the striatum, endocannabinoids and CB1 receptors modu-

late GABA and glutamate transmission, predominately via

pre-synaptic actions. Actions on GABA re-uptake and

GABA release, both acting to enhance GABAergic signal-

ing are seen in the GPe, GPi, and SNr. Cannabinoids also

depress the excitation of the globus pallidus by the sub-

thalamic nucleus.

The growth factor sonic hedgehog (Shh), acting at its

receptor Patched, has been suggested as an inhibitory

transmitter in the pallido-subthalamic pathway (Bezard

et al., 2003a).

PHARMACOLOGY OF THERAPEUTICS IN
PARKINSON’SDISEASE: CURRENT STATUS
AND EMERGING OPPORTUNITIES

The above discussion highlights the range of neurotrans-

mitters and receptors that might be targeted as therapy for

parkinsonism or treatment-related motor complications in

Parkinson’s disease. This section discusses currently avail-

able treatments for parkinsonism (Tables 3.1 and 3.2) and

motor complications (Table 3.4) and highlights therapies in

development for these indications (Tables 3.3 and 3.5

respectively).

Parkinsonism

In considering the changes in basal ganglia circuit activity

that underlie parkinsonism and the detailed pharmacology

regulating the activity of these circuits, several principles

emerge for treating Parkinson’s disease.

In parkinsonism, the principal abnormality in the func-

tioning of the circuitry is overactivity of MSNs of the

indirect pathway. Thus, targeting receptors present on

MSNs of the indirect pathway (see Figure 3.2a) to reduce

activity of this pathway could provide multiple means to

alleviate parkinsonism.

Overactivity of MSNs of the indirect pathway leads to

enhanced GABAergic transmission in the GPe, and

decreased inhibition of the subthalamic nucleus by the

pallido-subthalamic pathway. Along with overactivity of

cortico-subthalamic projections, this leads to overactivity of

the subthalamic nucleus. Together, these processes drive

overactivity of GPi/SNr. Pharmacological manipulation at

any point in this circuitry downstream of the striatum

appears able to alleviate parkinsonism.

Additionally, though probably of lesser importance,

underactivity of the direct pathway contributes to the

generation of parkinsonian symptoms. Aswith overactivity

of the indirect pathway, this leads to overactivity of theGPi/

SNr. Reversal of this overactivity could have anti-parkin-

sonian actions and/or could enhance the anti-parkinsonian

actions of therapeutics primarily targeting overactivity of

the indirect pathway.

The immediate cause of overactivity of the indirect

pathway in parkinsonism is loss of inhibition by D2

dopamine receptors. This provides a rationale for employ-

ing dopamine-replacing drugs, in particular those stimu-

lating D2 receptors. All currently available classes of

dopaminergic therapy have, by one means or another,

Table 3.1 Currently available approaches to the pharmacological treatment of parkinsonism.

Class of drug Example Proposed mechanism of action

Dopamine precursor L-DOPA Increases dopamine levels, anti-parkinsonian action provided by stimulation

of D1-like and D2-like dopamine receptors on direct and indirect striatal

output pathways respectively

Non-selective

dopamine

receptor agonist

Apomorphine Directly stimulates D1 and D2-like dopamine receptors on direct and

indirect striatal output pathways to provide anti-parkinsonian action

D2/D3 selective

dopamine

receptor agonist

Ropinirole Directly stimulates D2-like dopamine receptors on indirect pathway to

provide anti-parkinsonian action

MAO-B inhibitors Rasagiline As monotherapy, enhances levels of endogenous dopamine to stimulate D1-

like and D2-like dopamine receptors on direct and indirect striatal output

pathways respectively and thus provide anti-parkinsonian benefit

Muscarinic cholinergic

antagonist

Biperiden Blockade of M1 mAChRs provides anti-parkinsonian action by reducing

activity of overactive indirect striatal output pathway

NMDA antagonist Amantadine Reduces excitation of MSNs of indirect striatal output pathway and thereby

provides anti-parkinsonian benefit
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D2 receptor-stimulating properties (Table 3.1). In consid-

ering the use of these approaches, it is worth considering

actions of individual therapies in addition to D2 receptor

stimulation (Table 3.2). These actions could modify anti-

parkinsonian efficacy. Thus, D1 receptor activation can

enhance D2 actions, perhaps due to correcting the under-

activity of the direct pathway. This may, in part, underlie

the perceived ability of L-DOPA, which, by increasing

dopamine levels, stimulates both D1 and D2-like recep-

tors, to provide more efficacious anti-parkinsonian bene-

fit than dopamine receptor agonists selective for D2-like

receptors. Similarly, L-DOPA has potential to lead to the

formation of noradrenaline as well as dopamine, this may

afford additional benefits to those of dopamine receptor

stimulation alone. On the other hand, non-D2 receptor

actions could compromise anti-parkinsonian benefit by

facilitating the emergence of motor complications. This is

discussed in more detail below.

In parkinsonism, loss of D2 dopamine receptor stimula-

tion also causes a loss of dopaminergic inhibition of

acetylcholine release from cholinergic interneurons. En-

hanced acetylcholine release leads, via M1 muscarinic

receptor activation, to excitation of indirect pathway me-

dium spiny neurons. The long-appreciated anti-parkinso-

nian actions of muscarinic antagonists may result from

blockade of this mechanism. The lack of profound anti-

parkinsonian efficacy may be a reflection of the inability of

available muscarinic antagonists to target M1 receptors

over other sub-types of muscarinic receptor, or to selec-

tively target the M1 receptors of the indirect over the M1

receptors on the direct pathway.

Furthermore, the loss of D2 receptor stimulation has

impact on transmitter systems other than acetylcholine.

These cause effects at least as important in rendering the

indirect pathway overactive and are amenable to pharma-

cological intervention by novel means (Table 3.3). Firstly,

after loss of dopamine, the glutamatergic drive to indirect

pathway MSNs can act unimpeded by D2 dopaminergic

inhibition. This leads to enhanced glutamatergic excitation

and ultimately underlies overactivity of indirect pathway

MSNs in parkinsonism. Glutamate antagonists, acting at

NMDA, AMPA or Group I mGluRs have potential to

reduce the activity of the indirect pathway. However, given

that both direct and indirect pathway MSNs express all

Table 3.3 Emerging non-dopaminergic approaches
to the pharmacological treatment of parkinsonism.

Class of drug Proposed mechanism of action

Sub-type-selective

NMDA antagonist

Reduced excitation of MSNs of

indirect striatal output pathway.

Fewer off-target actions and thus

improved efficacy over non-

selective agents such as

amantadine

A2A adenosine

antagonist

Reduced excitation of MSNs of

indirect striatal output pathway

FAAH inhibitor Elevated levels of endogenous

cannabinoids and enhanced

inhibition of MSNs of indirect

striatal output pathway

mGluR Group I

antagonist

Reduced excitation of MSNs of

indirect striatal output pathway

mGluR Group III

agonist

Reduced release of GABA in GPe

CB1 antagonist Increased re-uptake and reduced

release of GABA in GPe

Sonic hedgehog

agonist

Increased inhibition of subthalamic

nucleus

Table 3.2 Pharmacology of currently available dopamine receptor agonists.

Treatments

Receptor selectivity

t1/2 Structural classD1-like D2-like Other

Ropinirole 0 þ þ þ Negligible 6 h Non-ergoline

Pramipexole 0 þ þ þ Negligible 8 h Non-ergoline

Cabergoline 0 þ þ þ 5-HT2A and 5-HT2B agonist 60þ h Ergoline

Bromocriptine � þ þ þ 5-HT2A and 5-HT2B agonist 8--14 h Ergoline

(ergopeptine)

Apomorphine þ þ þ þ þ þ 5-HT2A and 5-HT2B agonist 0.5--1 h Ergoline

Pergolide þ þ þ þ 5-HT2A and 5-HT2B agonist 16--30 h Ergoline

Lisuride þ þ þ þ a2 agonist 2--5 h Ergoline

Piribedil 0 þ þ þ a2 and 5-HT2B antagonist 20 h Non-ergoline

Rotigotine þ þ þ þ þ þ a2 antagonist and 5-HT1A agonist 7--8 h Non-ergoline
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these classes of glutamate receptor, the therapeutic window

where benefit can be attained may be narrow, that is, while

an action to reduce excitation of the indirect pathway may

attenuate parkinsonism, an action to reduce excitation of

the direct pathway may exacerbate it. Amantadine, an

NMDA antagonist that is available for use clinically, does

have anti-parkinsonian actions though these are only of

moderate efficacy and exhibit tachyphylaxis. However,

targeting sub-types of glutamate receptor may have poten-

tial as an approach to developing novel therapeutics with

greater efficacy (Nash and Brotchie, 2002). Antagonists

selective for NMDA receptors containing NR2B sub-units

alleviate symptoms,with efficacy equivalent to L-DOPA, in

parkinsonian monkeys (Steece-Collier et al., 2000; Nash

et al., 2000; Nash et al., 1999; Loschmann et al., 2004).

However, this approach has not yet been translated into

successful clinical application.

Loss of D2 transmission, and enhanced NMDA and M1

signaling, contribute to enhanced signaling by A2A adeno-

sine receptors. A2A antagonists offer an opportunity to

reverse the impact of these changes of the activity of the

indirect pathway (Jenner, 2003; Kanda et al., 1998).

The possibility is especially attractive given the discrete

localization of A2A receptors to MSNs of the indirect

pathway (Schwarzschild et al., 2006).

Outside the striatum, the effects of the indirect pathway

could also be reversed by manipulation of the processes

responsible for the release of GABA in the GPe. Antago-

nism of CB1 cannabinoid receptors can reduce GABAergic

transmission in the GPe, and has some anti-parkinsonian

action in animal models of Parkinson’s disease. Similarly,

stimulation of Group III mGluRs reduces GABA release in

theGPe and has potential to offer anti-parkinsonian benefit.

Endogenouscannabinoid levelsareelevated in theCSFof

Parkinson’s disease patients (Pisani et al., 2005) and CB1

antagonists can have mild anti-parkinsonian actions in

monkeys, suggesting an involvement in the pathophysiolo-

gyofparkinsonism(vanderSteltetal., 2005). It is suggested

that enhanced levels of endocannabinoids in theGPe lead to

increased CB1 cannabinoid receptor stimulation in the GPe

and enhances GABAergic signaling in the GPe by the

indirect pathway. On the other hand, reduced levels of

endocannabinoids in the striatum contribute to the genera-

tion of parkinsonian symptoms, by decreasing synaptic

plasticity on MSNs of the indirect pathway (Kreitzer and

Malenka, 2007). In this case, enhancing striatal endocanna-

binoid levels, for example, by inhibiting the enzyme de-

grading them, FAAH, is a potential anti-parkinsonian

approach (Maccarrone et al., 2003). These findings further

Table 3.4 Currently available approaches to the
pharmacological treatment of treatment-related
motor complications.

Class of drug Example

Proposed mechanism

of action

MAO-B

inhibitors

Rasagiline As adjuncts to L-DOPA can

reduce metabolism of

dopamine, increase its

half life and thus extend

duration of L-DOPA

action and thus provide

enhanced benefit in

advanced disease

COMT

inhibitors

Entacapone As adjuncts to L-DOPA can

increase brain

availability and extend

half life of L-DOPA

action, provide enhanced

benefit in advanced

disease

NMDA

antagonist

Amantadine As adjuncts to L-DOPAmay

reduce excitation of

direct striatal output

pathway and thereby

reduce expression of

motor complications
Table 3.5 Emerging approaches to the
pharmacological treatment of treatment-related
motor complications.

Class of drug Proposed mechanism of action

Dopamine re-uptake

inhibitor

Increased availability of synaptic

dopamine, may combat

wearing-off

a2 adrenergic

antagonist

Decreased sensitivity of direct

pathway to dopaminergic

stimulation

5-HT1A agonist Decreased glutamatergic

transmission in striatum leading

to decreased excitation of direct

pathway

5-HT2A antagonist Decreased sensitivity of direct

pathway to dopaminergic

stimulation

CB1 cannabinoid

antagonist

Increased re-uptake and reduced

release of GABA in GPi/SNr

A2A adenosine

antagonist

Prevent development of motor

complications if given with

dopamine replacement de novo

H3 histamine agonist Reduced release of GABA in GPi/

SNr
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illustrate the concept that in developing novel pharmaco-

logical strategies forParkinson’sdisease itmaybenecessary

to have drugs act selectively in different components of the

basal ganglia circuitry, or even act in different ways in

different regions, in order to maximize anti-parkinsonian

efficacy.

Motor Complications

With respect to motor complications of treatment in

Parkinson’s disease, few effective treatments are available

today (Table 3.4). However, enhancement of L-DOPA and/

or dopamine availability by inhibition ofMAO-BorCOMT

can offer some benefit with respect to reducing the problem

of wearing-off, that is, it can extend on-time. The principal

abnormality of the neural circuitry generating side effects is

overactivity of the direct striatal output pathway and resul-

tant overinhibition of the GPi and SNc (Cenci, 2007). Thus,

targeting receptors on MSNs of the direct pathway, see

Figure 3.2b, offers opportunities for treating motor com-

plications. Blockade of excitatory NMDA receptors on the

direct pathway may underlie the ability of amantadine to

reduce L-DOPA-induced dyskinesia (see below).

In considering the cause of overactivity of the direct

pathway in motor complications, two processes need to be

understood:

1. Themechanisms bywhich repeated dopamine replace-

ment therapy leads to the development of the state

associated with motor complications, and,

2. The mechanisms by which, once the “complicated”

state has developed, motor complications are ex-

pressed on subsequent treatments with dopamine-

replacing drugs.

Our increased understanding of these processes has led to

the pre-clinical validation of many novel approaches to

treating motor complications, several of which are now in

development (Table 3.5).

With respect to the development ofmotor complications,

the propensity of a dopaminergic treatment to cause such

problems is determined by a combination of its dopamine

receptor selectivity and the nature of stimulation of those

receptors, be it intermittent or continuous throughout the

day. Those drugs selective for D2-like dopamine receptors

have less propensity to lead to the development of motor

complications (Pearce et al., 1998). On the other hand,

treatments with long half-lives or those administered in

such a way as to provide continuous dopaminergic stimu-

lation, even if they are not receptor sub-type-selective, have

lower propensity to lead to the development of motor

complications (Smith et al., 2003). The receptor selectivity

and half-lives of currently available dopamine agonists

are illustrated in Table 3.2. This understanding has led to

D2-like selective agonists becoming an option for first line

therapy in Parkinson’s disease, with aim to delay the

initiation of L-DOPA therapy and development of motor

complications. More recently, alternative means to provide

continuous dopaminergic stimulation have attracted atten-

tion, for instance by patch delivery of agonists or by

combining L-DOPA with COMT inhibitors to increase

effective half-life.

In animal models, the development of motor complica-

tions appears to be dependant on, or at least facilitated by,

stimulation of NMDA and A2A receptors. Attenuation of

these systems thus provides attractive possibilities for

developing therapies to be used as adjuncts to dopamine

replacement, though to date, despite proof of principle in

animal models (Wessell et al., 2004; Hadj Tahar et al.,

2004), these have not entered clinical practice.

Once motor complications have developed, it appears

that all dopaminergic treatments, whether D2-like selective

or not, elicit dyskinesia and are associated with motor

fluctuations. The mechanisms by which dopaminergic

stimulation leads to overactivity of the direct pathway have

yet to be fully unraveled, though it is likely that they involve

an increase in signaling downstream of D1 receptors and

altered sub-cellular localization of D1 receptors, and not

simply an increase in receptor number (Guigoni et al.,

2007; Bezard et al., 2005; Aubert et al., 2005). Even if it

is difficult to avoid motor complications once they have

developed, studies in parkinsonian monkeys suggest that

switching from L-DOPA to a D2-like receptor-selective

dopamine agonist may reduce the severity of motor com-

plications (Smith et al., 2006; Jackson et al., 2007). It has

been suggested that once motor complications are estab-

lished, stimulation of the D3 receptor may be one mecha-

nism that is responsible for their expression. This remains

controversial though there is evidence that D3 stimulation

may contribute to dyskinesia (Bezard et al., 2003b) and

wearing-off (Silverdale et al., 2004). Dopaminergic thera-

pies that stimulate D2 receptors, to provide anti-parkinso-

nian benefit, but not D3 receptors, to avoid motor

complications, are thus of interest, though have not, to

date, been developed.

Many non-dopaminergic mechanisms downstream of

dopamine receptor stimulation contribute to overactivity

of the direct pathway. NMDA,AMPAandGroup ImGluRs

provide excitation of the direct pathway (Hallett et al.,

2005; Calon et al., 2003; Dunah et al., 2000). Antagonists

of these receptors reduce dyskinesia andmotor fluctuations

in animal models and are thus attractive adjuncts to reduce

motor complications of treatment in Parkinson’s disease

(Blanchet et al., 1999; Silverdale et al., 2005). The use of

amantadine to attenuate NMDA transmission is the first

successful clinical application of this approach. In contrast

to their use as monotherapy to alleviate parkinsonism, the

off-target actions of non-sub-type selective glutamate
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antagonists may be beneficial and not only reduce side

effects but also enhance the anti-parkinsonian benefit of a

dopaminergic therapy. Thus, within the striatum, an action

on indirect pathwayMSNs or cholinergic interneuronsmay

enhance anti-parkinsonian actions. The challengewith such

anti-glutamate therapies is likely avoiding actions outside

the basal ganglia that might reduce benefit in other ways,

for example, by interfering with learning and memory

processes, causing ataxia or sedation.

Alternative means to reduce the excitability of the direct

pathway, and thus reduce motor complication, include the

use of 5HT1A agonists, 5HT2A antagonists and a2 adrener-

gic receptor antagonists (Savola et al., 2003). All three of

these approaches are validated in animal models and have

been the subject of several clinical studies. It is of interest

that many of the available dopamine agonists, particularly

the ergoline derivatives, have actions at these non-dopami-

nergic receptors (Table 3.2). Theoretically, such actions

could reduce, for example, a2 adrenergic receptor antago-

nist properties of piribedil, or exacerbate, for example, 5-

HT (Cenci, 2007) agonist properties of pergolide, themotor

complications associated with the anti-parkinsonian bene-

fits of an agonist. While still experimental, additional

approaches with some promise, and a strong theoretical

basis, are to employ CB1 antagonists or H3 histamine

receptor agonists to reduce GABAergic transmission in

the GPi/SNr (van der Stelt et al., 2005) and thereby reduce

the expression of dyskinesia.

The challenge with all the above-discussed potential

approaches to motor complications is to develop drugs that

are selective for the receptors being targeted and define

approaches that will not be compromised by actions outside

the target structure.

CONCLUSIONS

The problem of parkinsonism and motor complications of

dopamine-replacement therapy are issues of abnormal

circuitry rather than a simple loss, or inefficient replace-

ment of dopamine. Indeed, an understanding of the phar-

macology of these disorders requires an appreciation of the

role ofmultiple transmitters and their interactions at several

levels of the basal ganglia circuitry. While this adds com-

plexity to the process of understanding the pharmacology of

Parkinson’s disease, it does offer many opportunities for

therapeutic intervention that had not been considered until

recently and are likely to revolutionize clinical practice in

years to come.
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At the beginning of the twentieth century, anticholinergic

drugs were the only available efficacious medications for

the treatment of early and advanced Parkinson’s disease

(PD). When levodopa was discovered (Birkmayer and

Hornykiewics, 1961; Cotzias, 1968) in the 1960s, the

number of alternative pharmacological options was still

limited, and decisions on how to treat PD remained

relatively simple, regardless of the stage of the disease.

Nowadays, at the beginning of the twenty-first century, the

situation has markedly changed, because levodopa mono-

therapy is not the sole option to treat PD any more, and this

is especially the case when patients are not severely

disabled, in the early stages of the disease.

More than a dozen anti-parkinsonian medications have

been developed and approved during the levodopa era. This

is mainly due to the fact that levodopa has a number of

limitations beside its spectacular efficacy. It does not cure

the disorder and there is no convincing evidence that it

improves the progression of the underlying pathological

process. It may induce side effects such as nausea, vomit-

ing, orthostatic hypotension and psychosis and its long-

term use is frequently associated with the emergence of

motor complications. Seeking solutions for these problems

drove the development of other pharmacological appro-

aches, including dopamine agonists (e.g., bromocriptine,

lisuride, pergolide, piribedil, cabergoline, pramipexole,

ropinirole), MAO-B inhibitors (selegiline, rasagiline) and

COMT inhibitors (entacapone, tolcapone). Unfortunately,

none of these turned out to be good enough to replace

levodopa. They can, at best, complement its effect when

used before it, as initial therapy, or when added as a second

line strategy. Hence, doctors must choose among numerous

therapeutic strategies, combining different drugs in a variety

of ways and sequences. Making themost appropriate choice

at each stage of the disease and for each patient is a difficult

exercise, and must be based on various parameters, such as

pathophysiological concepts, clinical evidence regarding

efficacy and safety, but also empirical experience, econom-

ical environment, and patients’ preferences, expectations

and needs.

We shall summarize in the first part of this chapter the

clinical evidence supporting the efficacy and safety of anti-

parkinsonian medications as assessed by randomized con-

trolled trials (RCTs) conducted in untreated patients with

early PD. In the second part of this chapter, we will provide

a pragmatic approach for routine clinical practice.

OVERVIEW OF THE CLINICAL
EVIDENCE FOR ANTI-PARKINSONIAN
MEDICATIONS IN THE TREATMENT OF
EARLY PD: THE MOVEMENT DISORDER
SOCIETY (MDS) EVIDENCE-BASED
MEDICINE (EBM) ASSESSMENT OF
ANTI-PARKINSONIAN INTERVENTIONS

TheMovement Disorder Society (MDS) is an international

professional society of clinicians, scientists, and other

healthcare professionals who are interested in PD and

related disorders of motor control. In the late 1990s MDS

established and funded a taskforce to review the different

available anti-parkinsonian therapeutic interventions

according to the robustness of the published clinical evid-

ence. The approach followed was to develop an evidence-

basedmedicine (EBM) systematic reviewwhere therapeutic

interventions were classified according to specified

criteria regarding efficacy, clinical usefulness and safety
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(seeTable4.1).Thescientificbasis for thatclassificationwas

defined as all identified original articles (Medline and

Cochrane Library, English peer-reviewed literature) report-

ing RCTs that enrolled a minimum of 20 patients with an

established diagnosis of PD, used objective scales for mea-

suring target symptoms, and had a minimum of four-weeks’

treatment.

It was acknowledged that this basis was most appropri-

ate to establish efficacy, but much less so for safety,

because RCTs are not designed to identify rare adverse

reactions. Therefore, additional sources were used for

safety, such as post-marketing surveillance and regulatory

publications.

We shall focus in the present chapter on three efficacy

issues of special importance for the management of un-

treated patients with early PD, namely (i) impact on dis-

ease progression, (ii) symptomatic efficacy on motor

symptoms as monotherapy and (iii) prevention of motor

complications. A brief description of the main RCTs will

be presented, as well as summaries of adverse drug

reactions to be expected with medications used at this stage

of the disease. An extensive report of the MDS EBM

systematic review was published as a supplement of the

Movement Disorder Journal in 2002. This document was

updated in 2005 (Goetz et al., 2005) and is currently in its

third updating process. Readers interested in a detailed

description and a complete list of all relevant RCTs are

invited to refer to these MDS documents (MDS Evidence

based medicine taskforce, 2002; Rascol et al., 2002; Goetz

et al., 2005) and to forthcoming ones.

Drug Efficacy on Disease Progression

Over time, symptoms of PD progressively worsen. The

need for symptomatic medications increases, the quality of

their effects deteriorates and non-motor symptoms as well

as motor problems unresponsive to dopaminergic treat-

ment, such as balance problems and freezing during on-

periods, develop. A major theoretical therapeutic goal is

therefore to limit the progression of PD as early as possible,

Table 4.1 Standard definitions of the terms used to qualify efficacy, clinical usefulness and safety
of therapeutic interventions.

Efficacious Evidence shows that the intervention has a positive effect

on studied outcomes (at least one good quality RCT).

Efficacy likely Evidence suggests, but is not sufficient to show that the

intervention has a positive effect on studied outcomes.

Efficacy unlikely Evidence suggests that the intervention does not have a

positive effect on studied outcomes.

Non-efficacious Evidence shows that the intervention does not have a

positive effect on studied outcomes.

Insufficient evidence There are no data available or available data do not

provide enough evidence either for or against the use of

the intervention in treatment of Parkinson’s disease.

Clinical usefulness

Clinically useful For a given situation, evidence available is sufficient to

conclude that the intervention provides clinical benefit.

Possibly useful For a given situation, evidence available suggests, but

insufficient to conclude that the intervention provides

clinical benefit.

Investigational Available evidence is insufficient to support the use of the

intervention in clinical practice, but further study is

warranted.

Not useful For a given situation, available evidence is sufficient to

say that the intervention provides no clinical benefit.

Safety

Acceptable risk without specialized monitoring.

Acceptable risk, with specialized monitoring.

Unacceptable risk.

Insufficient evidence to make conclusions on

the safety of the intervention.
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ideally before the occurrence of symptoms. Etiologic

mechanisms including free radical-mediated damage,

excitotoxicity, mitochondrial dysfunction, or inflammation-

mediated cell damage are supposed to contribute to the

pathogenesis. In addition, the recent interest in apoptosis,

proteinmisfoldingandaggregation,andproteasomalactivity

has providednew insights into pathogenetic pathways inPD.

Thishas increasedefforts todevelopdrugs thatmightmodify

suchbiochemical abnormalities inorder toalter thecourse of

the disease, either by retarding the rate of cell death, or by

restoringfunctiontoneuronsthatarelikelytobedamaged,but

not irremediably dead.

We have chosen to briefly describe in this section eight

large RCTs conducted to test various disease-modifying

hypotheses in PD. These RCTs illustrate the huge efforts

invested since the “decade of the brain” to identify drugs that

could reduce PD progression. Unfortunately, to this date, no

“neuroprotective” or “disease-modifying” agentwith robust

positive clinical findings has been identified.

* Selegiline (DATATOP study; Parkinson Study Group,

1993): Selegiline is a propargylamine with MAO-B

inhibiting properties. The symptomatic anti-parkinso-

nian efficacy of selegiline is believed to be related to

MAO-B inhibition. In vivo, MAO-B inhibition reduces

the toxicity of MPTP in animal models of PD. More-

over, in vitro, propargylamines increase neuronal sur-

vival independently of MAO-B inhibition by

interfering with apoptosis signaling pathways.

DATATOP was the first prospective, randomized,

controlled trial to test the impact of a drug on PD

progression. It was a double-blind placebo-controlled

parallel 2� 2 factorial design study, comparing

selegiline (10mg/d) and a-tocopherol (vitamine E,

2000 units/d) in 800 untreated patients with early PD.

The development of disability requiring levodopa ther-

apy was the primary endpoint to measure disease pro-

gression. Tocopherol had no effect on this endpoint.

Conversely, selegiline significantly delayed “time to

levodopa therapy” during an average 12-month follow-

up. However, the interpretation of this encouraging

result was soon challenged when it was realized that

UPDRSmotor scores improved after initiation of selegi-

line (wash-in effect) and deteriorated after drug with-

drawal (wash-out effect), suggesting that the response

was not sustained. These observations strongly suggest

that the beneficial effect of the drug may be related, at

least in part, to a symptomatic improvement of parkin-

sonism, precluding conclusions on an effect on disease

progression.
* Bromocriptine (SINDEPAR trial; Olanow et al., 1995):

Bromocriptine is a dopamine agonist with putative

“neuroprotective” properties including direct scaveng-

ing of free radicals, increasing the activities of

radical-scavenging enzymes, and enhancing neuro-

trophic activity in in vitro and in vivo animal models.

SINDEPARwas a prospective parallel-group double-

blind placebo-controlled 14-month RCT to compare the

effects of selegiline with or without either bromocrip-

tine or SINEMET in 101 untreated patients with early

PD. Deterioration of UPDRS total score between base-

line and final visit was used as an index of PD progres-

sion, patients being assessed seven days after

withdrawal of bromocriptine or SINEMET (to avoid

potential confounding symptomatic effects) and after

two months of selegiline wash-out. There was no dif-

ference in deterioration in UPDRS scores between the

bromocriptine and SINEMET groups, suggesting that

PD progressed at the same rate on both treatments.

Conclusionswere hampered by the absence of a placebo

group and the short duration of the wash-out period,

which may have been insufficient to completely clear

symptomatic drug effects.
* Pramipexole (CALM-PD trial; Parkinson Study Group,

2002): The D2/D3 dopamine agonist pramipexole may

have neuroprotective activity that is, at least in part,

unrelated to its dopamine agonist action. Protection in

cell and animal models against a variety of toxins,

including MPTP and 6-hydroxydopamine, suggests

neuroprotective effects that might be mediated by

antioxidant properties, direct action on mitochondrial

membrane potential or the inhibition of apoptosis.

CALM-PD allowed a four-year sub-analysis of a

double-blind prospective parallel-group RCT compar-

ing pramipexole and levodopa in 84 untreated patients

with early PD. The primary endpoint of this sub-study

was the percentage changemeasuredwith single photon

emission tomography (SPECT) at month 46 from base-

line in striatal [123I]b-CIT (2 b-carboxymethoxy-3

b-[4-iodophenyl]tropane) uptake. This dopamine trans-

porter ligand was chosen as a putative biomarker of

dopamine innervation. A significant difference in mean

percentage decline of approximately 40% was identi-

fied in favor of pramipexole (p¼ 0.01). However, the

lack of a clinical correlate, the absence of a placebo

control and the potentially different regulatory effects of

levodopa or dopamine agonists on the imaging biomark-

er preclude conclusions on any modifying effects of

pramipexole on the progression of PD.
* Ropinirole (REAL-PET trial; Whone et al., 2003):

Ropinirole scavenges free radicals and suppresses lipid

peroxidation in vitro. It protects striatal dopaminergic

neurons against 6-hydroxydopamine (6-OHDA) in

in vivo animal models.

REAL-PET was a parallel-group prospective

levodopa-controlled two-year RCT to assess the effect

of ropinirole in 186 untreated patients with early PD.

The primary endpoint to measure disease progression
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was the percentage decrease of the putaminal Ki value

of [18F]dopa uptake from baseline, as measured with

positron emission tomography (PET). There was a

statistically significant reduction in putaminal Ki values

in the ropinirole group compared with the levodopa

group (�13% on ropinirole vs �20% on levodopa,

p < 0.05), but the same limits as discussed for the

CALM-PD study preclude any firm conclusions on the

effect of ropinirole on PD progression.
* Levodopa (ELLDOPA trial; Fahn et al., 2004): Levodopa

therapy has been claimed to be toxic for the remaining

dopaminergic neurons because, in theory, it could enhance

free radical generation from dopamine metabolism. Con-

versely, chronic levodopa treatment has been reported to

promote the recovery of striatal innervation in rats with

partial dopaminergic lesions (Murer et al., 1998).

ELLDOPA was a parallel-group double-blind

placebo-controlled 40-week RCT conducted in 361

untreated patients with early PD to assess the effects

of different doses (150, 300, and 600mg/d) of levodopa

on PD progression. The primary endpoint was the

change in UPDRS score from baseline, after two weeks

of levodopa wash-out at the end of the 40-week follow-

up. A sub-group of 142 subjects also had striatal [123I]

b-CIT SPECT imaging, as a biomarker for disease

progression. The mean UPDRS change between base-

line and endpoint was larger in the placebo group than

in all levodopa groups (differences >5 UPDRS units,

p < 0.0001). Conversely, the decline in [123I] b-CIT
signal was significantly greater with levodopa than

placebo. These results are inconsistent and do not allow

one to conclude definitely on the impact of levodopa on

PD progression: the clinical data suggested that the drug

either slowed the progression of PD or had a prolonged

effect (>2 weeks) on the symptoms, while the neuroim-

aging data suggested that either levodopa accelerated

the loss of nigrostriatal dopamine nerve terminals or that

its pharmacologic effects modified the dopamine trans-

porter signal.
* Rasagiline (TEMPOdelayed-start trial; ParkinsonStudy

Group, 2004): Rasagiline is a MAO-B inhibitor and a

propargylamine. As a propargylamine, it binds to

glyceraldehyde-3-phosphate dehydrogenase (GAPDH).

GAPDH binding is associated with decreased synthesis

of pro-apoptotic proteins likeBAX, c-JUNandGAPDH,

but increased synthesis of anti-apoptotic proteins like

BCL-2, Cu-Zn superoxide dismutase and heat shock

protein 70.

TEMPO was a double-blind parallel-group random-

ized delayed-start clinical trial, a six-month extension

of a six-month placebo-controlled RCT (Parkinson

Study Group, 2004), which compared the effects of

early vs later initiation of rasagiline (1 or 2mg/d) on

progression of disability in 404 untreated patients with

early PD. Change in total UPDRS from baseline was

the primary endpoint. Subjects who were on rasagiline

2mg/d for one year had a significantly smaller increase

in UPDRS than those who received placebo for six

months followed by rasagiline 2mg/d for six months

(< 2UPDRSunits differencebetween the twogroups,p<
0.05). These pilot results showed that patients treated late

with rasagiline did not “catch-up” compared with those

who started early. This difference cannot be explained by

a pure symptomatic effect of the drug and suggests that

some disease-modifying effect may have occurred. A

larger study, using a comparable design, known as the

ADAGIO trial, is presently ongoing to try to replicate

these results. Nevertheless, the design of these studies

will not allow one to determine if the different reduction

in functional decline between the groups is related to a

true “neuroprotective” effect or to an enhancement of yet

unknown brain “compensatory” mechanisms.
* Pergolide (Grosset et al., 2005): As other dopamine

agonists, pergolide exhibits neuroprotective properties

in vitro and in vivo in animal models of PD. This trial

tested the effects of a sub-therapeutic dose of pergolide

(50mcg/d) in a prospective placebo-controlled parallel-

group RCT conducted in 106 untreated patients with

early PD. Levodopa initiation was used as the primary

endpoint to assess PD progression. There was a non-

significant trend in favor of pergolide in “time to

levodopa therapy”, but recruitment problems compro-

mised the power of the trial and the wash-in effect of

pergolide measured at six weeks indicated a mild

symptomatic benefit at a dose normally considered

sub-therapeutic. These results therefore do not allow

any firm conclusion on an effect of pergolide on PD

progression.
* TCH346 (Olanow,Obeso andStocchi, 2006): TCH346

incorporates a propargyl ring within its molecular

structure. The drug resembles selegiline, but does not

inhibit MAO-B. Like other propargylamines, it is a

glyceraldehyde-3-phosphate (GAPDH) ligand and a

potent anti-apoptotic drug that protects against loss of

dopaminergic neurons in laboratory animals. In this

study, 301 patients with early, untreated PD were

assessed in a placebo-controlled parallel-group double-

blind 12--18-month RCT testing three doses of TCH346

(0.5mg/d, 2.5mg/d and 10mg/d). The primary outcome

was time to development of disability requiring dopa-

minergic treatment. TCH 346 did not differ from place-

bo at any dose for any of the study outcomes, suggesting

that the drug did not modify the course of the disease

under the experimental conditions used.

Other drugs have also been tested in untreated patients

with early PD in large RCTs for putative disease-modifying

properties. The results of these trials have not yet all been
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published in detail, but are known to be negative. This is the

case for the anti-glutamate agent riluzole (Rascol et al.,

2002) and the anti-apoptotic mixed lineage kinase inhibitor

CEP-1347 (Parkinson Study Group, 2007). Other com-

pounds have been prioritized for testing in Phase II proof-

of-concept trials, including CoEnzyme Q10, GPI-1458,

creatine and minocycline. Encouraging pilot results from

small placebo-controlled trials (Shults et al., 2002) or futility

trials (The NINDS NET-PD investigators, 2006, 2007) have

been reported. These results deserve further confirmation in

larger trials before any conclusions can be drawn.

In summary, based on the MDS EBM Taskforce meth-

ods, there is presently no sufficiently robust clinical evi-

dence to conclude that any drug is “efficacious” for

improving PD progression. Any intervention to achieve

this goal remains at this stage, at best, “investigational”.

The reasons for these negative conclusions are numerous,

including incomplete understanding of cell death mechan-

isms, inadequate targets for drug action, poorly predictive

animalmodels, imperfect RCTdesign, absence of validated

surrogate endpoints, and lack of simple and reliable clinical

outcomes. Future developments of novel drugs will need to

improve such shortcomings.

Drugs with Symptomatic Efficacy as Monotherapy

Based on our current understanding of the pathophysiology

of PD, the striatal dopaminergic deficit caused by the

degeneration of the nigro-striatal dopamine neurons repre-

sents the most widely accepted factor to explain the occur-

rence of motor symptoms in PD, especially in the early

stages of the disease. However, it is possible that non-

dopaminergic mechanisms are involved, even at the early

disease stages, possibly related to an indirect functional

imbalance secondary to the initial dopaminergic deficit

within the basal ganglia circuitry.

Whatever these mechanisms are, several dopaminergic

and non-dopaminergic drugs can be used to improve the

symptoms of patients with early PD. A universally accepted

manner to demonstrate that a drug is efficacious in control-

ling motor symptoms in patients with early PD consists in

measuringthechangesfrombaseline toendpoint inthescores

of the Motor Examination Section (Part III) and/or of the

Activity of Daily Living (Part II) of theUPDRS (Fahn et al.,

1987). This is best achieved in prospective parallel-group,

double-blind placebo-controlled RCTs lasting from three to

six months. Unfortunately, such RCTs became standard

practice at times when the “oldest” anti-parkinsonian med-

ications, like anticholinergics and amantadine had already

beenused formanyyears. Such trials to assess the efficacy of

these compounds are therefore lacking.

According to current methodological standards and

following the methods recommended by the MDS EBM

Taskforce, there is enough clinical evidence (at least one

good quality RCT and sometimes several consistent ones)

to conclude that nine anti-parkinsonian medications are

efficacious when used as monotherapy in early PD drugs,

namely levodopa, six dopamine agonists (dihydroergo-

cryptine (DHEK), pergolide, piribedil, pramipexole, ropi-

nirole and rotigotine) and two MAO-B inhibitors

(selegiline, rasagiline) (Table 4.2). Some anti-parkinsonian

drugs have been compared with others using an active

comparator----in most cases levodopa----instead of placebo.

The most relevant trials are discussed below. For a com-

plete list of all RCTs, readers should refer to the original

MDS publications.

Table 4.2 Symptomatic interventions for the treatment of parkinsonism (motor features) as
monotherapies in early PD patients.

Efficacious Likely efficacious Insufficient evidence

Medications Standard levodopa Bromocriptine Apomorphine

CR levodopa Lisuride Cabergoline

Dihydroergocriptine Anticholinergics Entacaponea

Pergolide Amantadine Tolcaponea

Piribedil

Pramipexole

Ropinirole

Rotigotine

Selegiline

Rasagiline

Surgery All interventions

Rehabilitation All interventions

a Based on their mechanism of action, COMT-inhibitors are not considered as efficacious when used as monotherapy
in PD, but no published clinical trial was identified.
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RCTs Using Placebo as a Comparator

* Levodopa: Standard levodopa has been tested in a

recent placebo-controlled RCT, which confirmed its

long-established anti-parkinsonian efficacy in early PD

(ELLDOPA Study, Fahn et al., 2004).
* Dopamine agonists: Several dopamine agonists im-

proved UPDRS scores better than placebo in good

quality RCTs: pergolide (Barone et al., 1999), dihy-

droergocriptine (DHEK) (Bergamasco et al., 2000),

piribedil (Rascol et al., 2006b), pramipexole (Shannon

et al., 1997), ropinirole (Adler et al., 1997) and roti-

gotine (Watts et al., 2007; Giladi et al., 2007a). These

agonists are considered efficacious as monotherapy in

the treatment of early PD, according to the methods of

the MDS EBM review.

There is less convincing, but still supportive, evidence

for bromocriptine. This conclusion is mainly based on

levodopa-controlled RCTs showing that the efficacy of

the drug was comparable to levodopa (Riopelle 1987;

Montastruc et al., 1994) (these studieswere not powered

to demonstrate non-inferiority), or slightly less effica-

cious (Parkinson’s Disease Research Group of the UK,

1993). Similarly, cabergoline was never compared with

placebo in early PD but results comparable to levodopa

in two double-blindRCTs suggest efficacy (Rinne et al.,

1997, 1998). There are only open-label studies to sup-

port the effect of lisuride (Rinne, 1989) in early PD.

Therefore, these latter three agonists are considered

likely efficacious in this indication according to the

MDS EBM methods. Apomorphine, being only used

sub-cutaneously, has never been tested as monotherapy

for the treatment of PD at this early stage.
* MAO-B inhibitors: Selegiline (Parkinson Study Group,

1996) and rasagiline (Parkinson Study Group, 2002)

have both been compared with placebo in good quality

RCTs and improved parkinsonism better than placebo.

They can therefore be considered efficacious.
* COMT inhibitors: These drugs are only active when

combined with levodopa and are therefore not effica-

cious as monotherapy in the treatment of untreated

patients with early PD.
* Other anti-parkinsonian medications: Amantadine and

anticholinergics are considered likely efficacious as

monotherapy in PD, because they have been tested in

ancient RCTs of lower quality or in studies without

placebo control, but consistently showing improvement

compared to baseline. Data on other monotherapy

treatments are insufficient for conclusions.

RCTs Using an Active Comparator

* Controlled-released (CR) levodopa vs standard levo-

dopa: CR levodopawas compared to standard levodopa

in different studies with equivalent improvement in

parkinsonism at short-term and long-term evaluations

(Koller et al., 1999).
* Agonist monotherapy vs levodopa in untreated patients

with early PD: Levodopa proved to bemore efficacious

than any orally active dopamine agonist monotherapy

in most available RCTs. This common clinical practice

observation is documented in RCTs assessing agonists

like cabergoline (Rinne et al., 1997), pramipexole

(Parkinson Study Group, 2000), ropinirole (Rascol

et al., 1998) and bromocriptine (Parkinson’s Disease

Research Group of the UK, 1993; Olanow et al., 1995).

There are no published levodopa-controlled head-to-

head RCTs with the other agonists.

The proportion of patients with early PD remaining

on an agonist monotherapy falls progressively over

years to less than 20% after five years of treatment with

bromocriptine (Montastruc et al., 1994; Parkinson’s

Disease Research Group of the UK, 1993), cabergoline

(Rinne et al., 1998), pramipexole (Parkinson Study

Group, 2000), ropinirole (Rascol et al., 2000). For this

reason, after some years of treatment, most patients who

start on an agonist will receive levodopa as a replacment

or an adjunct treatment to maintain control of the

parkinsonian motor syndrome. The optimal timing of

when best to combine both drugs has never been as-

sessed. In the last decade, the most frequently tested

strategy has been to start with an agonist and to postpone

the adjunction of levodopa for as long as possible as a

second step of the therapeutic strategy. However, pre-

viously it had been common practice to combine an

agonist (bromocriptine or lisuride) with levodopa with-

in the first months of treatment (“early combination

strategy”) (Przuntek et al., 1996; Allain et al., 2000).

There are no data to assess if one strategy is better than

the other.
* Agonistmonotherapy vs another agonist: Thereareonly

few trials comparing the efficacy of a dopamine agonist

vs that of another as monotherapy. When such data are

available (bromocriptine vs ropinirole [Korczyn et al.,

1998, 1999] and vs pergolide [Mizuno, Kondo and

Narabayashi, 1995]), the clinical relevancy of the

reported difference, if any, remains questionable, espe-

cially since the exact dose equivalence between the

different agonists remains unknown. No published sys-

tematic reviews, such as by the CochraneCollaboration,

have investigated any differences in efficacy among

various agonists in early PD. A recent, large, placebo-

controlled, randomised trial compared the transdermally

administered dopamine agonist rotigotine vs ropinirole

as an active comparator. Non-inferiority of rotigotine

could not be demonstrated. However, a potential bias

in terms of predefined dose equivalence prevented defi-

nite conclusions, the maximum daily doses permitted in

this trial being 24 mg for ropinirole but only 8mg for
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rotigotine. In a post hoc sub-group analysis, rotigotine

�8mg/24 hours had a similar efficacy to ropinirole at

doses �12mg/day, and in studies in advanced PD, a

rotigotine dose of 16mg was used. Therefore the fact

that UPDRS scores and other measures showed more

improvementonropiniroleinthisstudydoesnotallowthe

conclusion of an inferior efficacy of rotigotine as such

(Giladi et al., 2007a).

In summary, there is no convincing evidence of

clinically relevant differences in the efficacy of the

currently available dopamine agonists when used for

the treatment of early PD.
* Other anti-parkinsonian medications: There are no

published direct head-to-head comparisons between

other drugs as monotherapy in early PD (e.g., MAO-B

inhibitors, amantadine,anticholinergics).Thechanges in

UPDRS scores reported in placebo-controlled RCTs are

usually greater on agonists than on MAO-B inhibitors.

This could be interpreted as an indirect indication of a

greater symptomatic efficacy of the agonists, but one

cannot firmly establish if this putative difference is of

clinical importance.

Prevention of Motor Complications

Motor complications, such as fluctuations of the wearing-

off or on--off types and dyskinesias are frequent, difficult to
treat, disabling and they may be partly irreversible. An

appealing pathophysiological concept that is currently put

forward to explain the occurrence of motor complications

in PD patients on levodopa is known as the “continuous

dopamine stimulation” or “CDS” hypothesis (Olanow,

Obeso and Stocchi, 2006). This theory proposes that dopa-

minergic agents that provide continuous stimulation of

striatal dopamine receptors will delay or prevent the onset

of levodopa-related motor complications. Nigro-striatal

dopaminergic neurons normally fire in a random, but

continuous, manner, and striatal dopamine concentrations

are therefore supposed to remain at a relatively constant

level. Pre-clinical data obtained in 6-OH-treated rats and

MPTP-intoxicated monkeys have shown that a parkinso-

nian brain cannot adequately buffer the peaks of dopamine

concentrations elicited by the intermittent administration of

short-acting drugs like oral levodopa. Intermittent oral

doses of levodopa may therefore induce discontinuous

stimulation of striatal dopamine receptors. Such pulsatile

stimulation could drive a cascade of molecular and physi-

ologic changes at the level of basal ganglia relays and

outputs, including dysregulation of striatal dopamine and

non-dopamine receptors, abnormal intracellular signaling

of striatal neurones, and abnormal output of the basal

ganglia motor loop, resulting in abnormal motor programs

and behaviors such as motor fluctuations and dyskinesias.

According to this concept, these effects should be reduced

or avoided when dopaminergic therapies are delivered in a

more continuous and physiologic manner. Several obser-

vations in primate models support the CDS hypothesis,

showing that continuous or long-acting dopaminergic

agents are associated with a decreased risk of motor com-

plications compared with short-acting dopamine agonists

or levodopa (Pearce et al., 1998; Smith et al., 2005).

However, other observations have challenged the CDS

hypothesis, which requires further validation (Nutt, 2007).

On this basis, investigations have been performed to

assess the impact of initial treatment using drugs with

longer elimination half-life than levodopa, in order to

reduce or delay the incidence of motor complications.

Several prospective long-term, double-blind levodopa-

controlled RCTs compared the probability of developing

motor complications within up to five years in previously

untreated patients. Such trials did not use standardized

methods to define the onset of motor complications. Each

trial used its own definition, with consequent variable

numbers from one study to another.

CR levodopa:TheCDShypothesiswould predict that the

early use of CR levodopa formulations should reduce the

risk of long-termmotor complications. However, two large

(several hundred patients), prospective, double-blind, five-

year, standard levodopa-controlled RCTs tested the impact

of the early use of CR-levodopa on the occurrence of long-

termmotor complications (Dupont et al., 1996; Block et al.,

1997). Both studies found no difference between the two

groups. CR levodopa is therefore considered not effica-

cious in preventing the long-term occurrence of motor

complications, according to the methods of the MDS EBM

Taskforce.

Dopamine agonists: The only medications considered to

be efficacious therapies in reducing the risk of motor

complication when used early in the treatment of PD are

three dopamine agonists: cabergoline (Rinne et al., 1998),

ropinirole (Rascol et al., 2000) and pramipexole (Parkinson

Study Group, 2000) (Table 4.3). Pergolide and bromocrip-

tine are considered likely efficacious. The design of the

RCTs of the first three agonists was quite comparable. They

wereprospective, parallel-group, levodopa-controlled, large

(several hundreds of patients), two- to five-year, double-

blind RCTs, using the time when the first motor complica-

tion (fluctuations or dyskinesias) occurred as the primary

endpoint. In these trials, levodopa could be added early or

late to the agonist, in order to keep control on parkinsonism

if the anti-parkinsonian effect of agonist monotherapy was

waning. In the cabergoline RCT, motor fluctuations

occurred in 34% of the patients allocated to early levodopa

vs 22% of those randomized to the agonist (p < 0.02). In the

pramipexole RCT, motor complications occurred in 55%

of the patients randomized to receive levodopa as initial

therapy vs 28% of those allocated to the agonist first

(p < 0.0001). In the ropinirole RCT, dyskinesias were
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observed in 45% of the patients randomized to early

levodopa vs 20% in those randomized to early agonist

(p < 0.001) (Figure 4.1). A post hoc analysis of this study

suggests that the risk of developing dyskinesias during

maintained initial agonist monotherapy is very low. Only

once levodopa is added to the agonist does the risk

increase substantially. Early use of agonists postpones

the onset of dyskinesia, but these benefits decline when

levodopa therapy is started, with no evidence of a subse-

quent rapid “catch-up” or persisting preventive effect

(Rascol et al., 2006b). Open-label five-year data from

another ropinirole trial (Whone et al., 2003) are limited by a

relatively small residual sample, but support these findings

by showing significantly less dyskinesia in the ropinirole

arm compared with levodopa, and similar motor control

(Poewe et al., 2005). A new, prolonged-release formulation

of ropinirole already available in some countries has been

shown to be non-inferior to immediate-release ropinirole as

monotherapy in early PD (Stocchi and Giorgi, 2006),

although no published studies are available investigating

the effect of this new formulation on the emergenceofmotor

complications when used as the initial treatment.

A fourth, large, three-year RCT using a comparable

design compared pergolide to levodopa as initial therapy

in untreated patients with early PD (Oertel et al., 2006).

However, levodopa supplementation was not allowed dur-

ing the trial. The primary outcome of this trial (time to onset

of motor complications) was not different between the two

groups after three years, although the severity of motor

complications was significantly lower and time to onset of

dyskinesia was significantly delayed in the agonist group. It

was therefore concluded, according to the MDS EBM

Table 4.3 Preventive interventions for motor complications in levodopa-naive PD patient.

Efficacious Likely efficacious Non efficacious Insufficient data

Medications Cabergoline Bromocriptine Standard levodopa Apomorphine

Pramipexole Pergolide CR levodopa Dihydroergocriptine

Ropinirole Lisuride

Piribedil

Selegiline

Rasagiline

Entacapone

Tolcapone

Amantadine
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Figure 4.1 Rates of dyskinesias in studies comparing initial levodopa and agonist treatment. [(a) Reproduced from Parkinson

Study Group (2000) J. Am. Med. Assoc.; 284: 1931–1938, with permission from the American Medical Association (b)

reproduced with permission from Rascol et al., N. Engl. J. Med. 2000; 342: 1484–1491, Copyright � 2000, Massachusetts

Medical Society].
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definitions, that pergolide is likely efficacious in reducing

the risk ofmotor complication over three years as compared

with initial levodopa monotherapy.

Similar conclusions were reported in trials with bromo-

criptine (Parkinson Study group of theUK1993; Hely et al.,

1994;Montastruc et al., 1994) although thesewere designed

at a time when trial methodology was less standardised and

rigorous than current standards.

The fact that five different agonists proved to be effica-

cious or likely efficacious suggests that this property might

be a “class effect”. However, conflicting results have been

reportedwith lisuride (Rinne, 1989;Allain et al., 2000), and

published controlled data are lacking for other orally active

agonists (dihydroergocryptine, piribedil), apomorphine not

being used and tested in this situation. In the absence of

adequate published RCTs or because of conflicting results,

there is insufficient data to conclude on the effect of using

these agonists as initial therapy for patients with early PD

on the development of motor complications.

There is no indication that one agonist might be more

efficacious than another in preventing or delaying “time to

motor complication”. The only published head-to-head

RCT comparing two agonists in this situation (ropinirole

vs bromocriptine) (Korczyn et al., 1999) did not show any

difference at three years in the incidence of dyskinesias.

It is important to note that these trials covered the first

few (up to five) years following the initiation of therapy, but

data on longer follow-up periods are important to consider.

Until recently, little was known on whether the initial

choice of drug still had effects 10 years or more into the

course of the disease. No studies have maintained blinding

for more than five years, but data are now emerging on the

subsequent development in patients who were initially

randomized to one of the dopamine agonists vs levodopa.

Ten-year data for the original double-blind five-year ropi-

nirole study (Hauser et al., 2007) showed that dyskinesias----

but not disabling dyskinesias----continued to occur less fre-

quently (p¼ 0.046) in the original ropinirole arm, while

motor scores had converged. However, only 69 of 268

patients entered the extension part of this study. In the

randomized but open-label study of the PD Research Group

of the UK, patients initially randomized to bromocriptine

had a significantly lower incidence of dyskinesias than those

randomized to levodopa at 10 years (rate ratio 0.73 [95%CI

0.57, 0.93]) (Lees et al., 2001). This difference was not

significant when only moderate to severe forms were con-

sidered, and the incidence of fluctuationswas similar in both

arms. At 14 years of follow-up, frequencies of motor

complications had converged (Katzenschlager et al., 2008).

A smaller 15-year study of bromocriptine vs levodopa

(Hely et al., 2005) reported that 94% of patients had

experienced dyskinesias, but this was severe in only 12%.

Themean duration of treatment before the onset of dyskinesia

was 4.2 years for the levodopa group and 6.9 years for the

bromocriptine group (p¼ 0.009). Fluctuations were reported

by 96% of patients, but there were no significant differences

between the arms in the time to onset of fluctuations, or in the

duration of off-periods.

In summary, evidence from these trials shows lower

frequencies of both dyskinesias and motor fluctuations

during the first years of treatment in patients randomized

to a dopamine agonist as compared to levodopa, but open-

label long-term observations suggest that these differences

tend to diminish as the disease progresses.

While trials reporting on agonists vs levodopa as initial

treatment for up to five years found that initial agonist

treatment led to fewer dyskinesias and usually fewer motor

fluctuations compared with levodopa, this occurred at the

expenseofsmallerUPDRSscoreimprovements(Figure4.2).

It has been argued that these UPDRS differences in favor

of levodopa may or may not be clinically relevant. It is not

possible at this stage to conclude definitely on this issue

because of methodological differences from one trial to

another: Levodopa supplementation was allowed during

the course of some trials (cabergoline, ropinirole, prami-

pexole), but not in others (pergolide), agonists were used

at fixed doses in some studies (pramipexole) while con-

tinuous up-titration was permitted over years in others

(ropinirole). One study suggested that a difference of 5

points on the UPDRS motor score represents a clinically

meaningful difference (Schrag et al., 2006), and the

differences between the levodopa and agonist arms in the

early treatment trials were sometimes of that magnitude.

However, it must be acknowledged that a minimally

clinically meaningful UPDRS difference has never been

clearly established (Schrag et al., 2006; Rascol 2006a) and

that global assessments, such as clinical global impression

scales, did not differ between agonist and levodopa arms

in some trials. Another possible cause of this persisting

modest advantage of levodopa might partly be artefactual

due to patients’ and physicians’ expectations being influ-

enced by the degree of initial improvement (Parkinson

Study Group, 2000). Another explanation is the possibi-

lity that early symptomatic treatment----or early treatment

with more efficacious drugs, such as levodopa, compared

with agonists--might enable compensatory mechanisms

within the basal ganglia, which may delay sustained

damage (see below). It has also been suggested that early

levodopa might have greater potential to sensitize a long-

lasting motor response (Nutt, 2007).

In levodopa-controlled trials, adverse drug reactions such

as somnolence, leg oedema or hallucinations were more

common with agonists (see safety section below). Finally,

after a disease duration of 15 years and more, no differences

between treatment arms were detected in other clinically

important factors such as disability, falls, independent living

and dementia. Therefore, other factors besides the induction

of motor complications during the first years of treatment
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need to be taken into account when choosing the initial

treatment for a given patient (see below).

MAO-B inhibitors:According to the published literature

and MDS EBMmethods, the early use of selegiline is non-

efficacious for the prevention of dyskinesias. This conclu-

sion is based on the negative results of a large (473

patients), three-year RCT comparing the effect of early

therapy with levodopa, a dopamine agonist (bromocriptine

or lisuride) or selegiline on the occurrence of motor com-

plications (primary endpoint) (Caraceni and Musicco,

2001) and on the analysis after two years of follow-up of

a second independent randomization of 368 patients from

the original DATATOP cohort, which showed that the

frequency of new occurrence of any of the pre-specified

primary outcome events (wearing-off, dyskinesias, or on--
off fluctuations) was not different between the two arms

(Shoulson et al., 2002).

COMT inhibitors: According to the “CDS” hypothesis,

the early combination of a COMT inhibitor with levodopa

therapy should be desirable, in order to reduce the

development of motor complications. Indeed entacapone

prolongs levodopa elimination half-life without increasing

its Cmax and this should help in reducing the inadequate

pulsatility of levodopa stimulation. Because of liver toxi-

city, tolcapone is not recommended as first-line therapy in

PD patients, so it should not be considered in early PD.

Preliminary results in MPTP-intoxicated monkeys show

that, indeed, when entacapone is combined with levodopa

in untreated animals, the incidence of dyskinesias over the

next few weeks is reduced as compared with animals on

levodopa monotherapy (Smith et al., 2005). A large,

prospective, double-blind two-year, levodopa-controlled

double-blind RCT, known as STRIDE-PD, is presently

underway to test this hypothesis in untreated patients with

early PD. Until the results of this trial are available, there is

still insufficient data to conclude on the benefit of adding

entacapone to levodopa early, in order to reduce the inci-

dence of long-term motor complications.

Other anti-parkinsonian medications: It is now known

that neurotransmitters other than dopamine contribute to
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the generation of motor complications (Brotchie, 2005). It

is therefore conceivable that the early use of drugs with

effects on such transmitters could have a positive impact on

the later development of motor complications. This might

be of particular interest in the case of amantadine, which

has proven to be efficacious in symptomatically treating

dyskinesias, once present, in levodopa-treated patients with

advanced PD. Unfortunately, at present, no controlled data

are available and there is therefore insufficient evidence to

conclude on the use of amantadine in early PD.

SAFETY ISSUES

It is beyond the scope of this article to review in detail all

known side effects of all anti-parkinsonian medications.

This is, however, an important issue to consider when

deciding which drug to introduce in a patient with early

PD, who has not been previously exposed to such therapies.

As already pointed out, the scientific data to base conclu-

sions on for safety cannot be restricted to RCTs, especially

because such trials are never powered to identify rare and/or

idiosyncratic adverse reactions that are nevertheless clini-

cally meaningful. Therefore, for the safety part of a risk/

benefit assessment, other sources must be reviewed, in-

cluding post-marketing surveillance, case reports, pharma-

covigilance studies and regulatory publications, like those

issued by the Committee of Proprietary Medicinal Product

(CPMP) in Europe and the Food and Drug Administration

(FDA) in the USA.

Adverse drug reactions (ADRs) are defined as any

appreciably harmful or unpleasant reaction, resulting from

an intervention related to the use of a medicinal product,

which predicts hazard from future administration and

warrants prevention or specific treatment, or alteration of

the dosage regime, or withdrawal of the product (Edwards

and Aronson, 2000). They can be classified as type A or

type B reactions (Rawlins and Thompson, 1977). Type A

reactions are generally expected and predictable, since they

are frequently related to the known pharmacological prop-

erties of the drug. Their prevalence is relatively high. They

are usually non-serious, non-lethal, dose dependent and can

be managed with dose adjustment. Conversely, type B

reactions are unexpected, unpredictable, rare, often serious

reactions andmost of the time they lead to drugwithdrawal.

Many dopaminergic medications share a similar quali-

tative safety profile. Their adverse drug reactions can be

divided into peripheral and central ADRs.

Peripheral Adverse Drug Reactions of Dopaminergic
Medications

* Gastro-intestinal and cardiovascular type A adverse

reactions are common at the onset of therapy with any

dopamine agent, and usually diminish over time. They are

explained by the agonistic effect of the drugs on dopamine

receptors in the gut and in the area postrema (gastrointes-

tinal effects) and at the pre-synaptic level of the sympa-

thetic system (orthostatic hypotension). They can be

managed by slow titration. Anti-emetics like domperi-

done, a dopamine blocker agent that does not cross the

blood--brain barrier, help to treat nausea. In large,

levodopa- controlled double-blind RCTs, gastrointestinal

and cardiovascular ADRs are not necessarily reported to

bemore frequentwith agonists thanwith levodopa (Rascol

et al., 2000), while it is frequently empirically believed

that this is the case in clinical practice.
* Leg oedema is known to be associated with dopamine

agonists (ergot and non-ergot derivatives). It is also

observed with amantadine (which can also induce

livedo reticularis). Reported incidences vary widely

and this reaction is more frequent with agonists than

with levodopa. For example, the incidence of leg

oedema reported in levodopa-controlled trials was

14% for ropinirole vs 6% for levodopa (Rascol et al.,

2000), 42% for pramipexole vs 15% for levodopa

(Holloway et al., 2004) and 16% for cabergoline vs

3% for levodopa (Bracco et al., 2004). The mechanism

of this side effect is unknown. This adverse drug

reaction is sometimes reported as dose-dependent, but

can also be idiosyncratic. It is reversible, with discon-

tinuation of the agonist, while the use of diuretics

should be discouraged, because these agents are not

efficacious and can induce or aggravate other problems,

such as orthostatic hypotension.
* Fibrosis has been detected in post-marketing surveil-

lance studies with all ergot-derivative dopamine ago-

nists including bromocriptine, lisuride, cabergoline and

pergolide. Classically, such fibrotic reactions have been

reported as pleuropulmonary, pericardiac and/or retro-

peritoneal syndromes (Bhatt et al., 1991; Ling et al.,

1999; Shaunak et al., 1999; Mondal and Suri, 2000).

These adverse reactions are usually considered rare

events, although their exact prevalence is unknown.

Their mechanism is possibly related to the dose

and duration of exposure to the ergot compounds.

Erythrocyte-sedimentation and protein-C-reactive in-

flammatory markers are usually increased and may be

helpful for an early diagnosis. The risk of developing

such a fibrosis on non-ergot agonists is much lower, if it

exists. These reactions are sometimes life-threatening,

although they can be at least partially reversible after

drug withdrawal. In general, when a patient develops

this kind of adverse reaction on an ergot agonist, the

strategy is to switch to a non-ergot one.

Recently, several cases of another type of fibrotic

adverse reaction, severe multi-valvular heart disease,

have been reported with pergolide and other

ergot derivative agonists, namely bromocriptine and

cabergoline (Horvath et al., 2004; Agarwal, Fahn and

Frucht, 2004;Vergeret et al., 1984). For themoment, the
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risk is best documented with pergolide and cabergoline

(VanCamp et al., 2004; Peralta et al., 2006; Yamamoto,

Uesugi and Nakayama, 2006; Junghanns et al., 2007;

Dewey et al., 2007; Zanettini et al., 2007; Gentile et al.,

2007) and a recent review of the literature showed that

moderate to severe regurgitation in at least one heart

valve was present in 34% of patients on cabergoline and

in 22% on pergolide, compared to 4% on non-ergot

agonists and 6% in controls (Antonini and Poewe,

2007), while the prevalence on bromocriptine is less

well known. The most likely mechanism is considered

to be via the 5HT2B receptor, rather than a direct effect

of a drug’s ergoline structure. A dose effect seems

likely, but it is not known whether the restrictive heart

valve changes are reversible on discontinuation of the

drug involved. Pergolide has been withdrawn from the

market in some countries and both pergolide and

cabergoline are now only recommended as second-line

alternative options, when other agonists have not pro-

vided a satisfying response. In many countries, specific

guidelines on the frequency of echocardiography

follow-ups have been issued (usually before initiating

therapy and then yearly, and discontinuation of the drug

is recommended in cases of any relevant changes).
* Other peripheral ADRs: Examples of type B reactions

due to agonists are alopecia, which has been reported

with bromocriptine (Fabre, Montastruc and Rascol,

1993), visual cortical disturbances with bromocriptine

(Lane and Routledge, 1983), loss of color vision with

pramipexole (M€uller, Przuntek and Kuhlmann, 2003)

and hypersensitivity (allergic reactions) to many ago-

nists (Martindale, 2005). These adverse reactions are

rare, but their real prevalence and mechanisms often

remain unknown.

Central Adverse Drug Reactions of Dopaminergic
Drugs

* Psychiatric symptoms are among the most disabling

dopaminergic medication-related ADRs. These may

occur with any efficacious dopaminergic medication.

The prevalence of these symptoms on agonists varies

according to the reports, and usually ranges between 5

and 20%. In most levodopa-controlled double-blind

trials, psychiatric adverse reactions are reported to be

more common with agonists than with levodopa

(Rascol et al., 2000; Parkinson Study Group, 2000),

and this is also empirically observed in clinical practice.

Such psychotic symptoms can present as delusions,

usually paranoid, or hallucinations, predominantly

visual, though an auditory component is common.

Abnormal behaviors linked to the role of dopamine in

natural reward mechanisms, such as hypersexuality,

pathological gambling and other related syndromes, are

now recognized to be associated with the use of dopa-

mine agonists, although no association with one partic-

ular agonist has been demonstrated (Lawrence, Evans

and Lees, 2003; Weintraub et al., 2006; Voon et al.,

2007; Gallagher et al., 2007). These problems occur in

3--8% of PD patients seen in specialized clinics (Voon

et al., 2006;Weintraub et al., 2006). There is some dose-

relationship, but it is important to be aware of the fact

that these abnormal behaviors may occur on regular

doses, including on the small doses of dopamine agonist

monotherapy often used in the initial management of

early PD. This possibility is highlighted by the obser-

vation of impulse control problems brought on by the

small doses used in the treatment of restless legs syn-

drome (Driver-Dunckley et al., 2007). Factors that have

been found to increase the risk of developing these

behaviors in PD patients include younger age, male

gender, impulse control issues in the past (such as

alcohol or substance dependence), socially accepted

gambling, and high scores for novelty-seeking person-

ality traits (Giladi et al., 2007b; Weintraub et al., 2006;

Voon and Fox, 2007). Depression and irritability have

been found to often co-occur with impulse control

disorders (Pontone et al., 2006).

The usual management of impulse control disorders,

if occurring in patients with early PD, is to reduce the

dose or to stop the drug and to replace it with other anti-

parkinsonian medications, especially levodopa. It may

take weeks before the effect clears, but the response to

reducing dopamine agonists (and partially switching to

levodopa) has recently been shown to be sustained in

many cases (Mamikonyan et al., 2008). Othermeasures,

such as the use of atypical neuroleptics or, in the case of

extreme hypersexuality, anti-androgens, are occasion-

ally helpful, although there is no evidence from con-

trolled studies to support any particular treatment. DBS

has occasionally been reported to improve impulse

control disorders, although the opposite effect has also

been observed.

In contrast, the dopamine dysregulation syndrome is

less often a problem in themanagement of early PD, as it

tends to occur after a period of treatment (Evans et al.,

2006). This disorder involves the use of increasing doses

of any dopaminergic drug, often levodopa, which is

associated with the subsequent development of emo-

tional and behavioral changes similar to those in various

forms of substance abuse (Evans et al., 2005). Predis-

posing factors are similar to those for impulse control

disorders, and both disorders may occur separately or in

combination (Evans et al., 2005). All attempts should be

made to reduce the overall dopaminergic drug dose.
* Abnormal daytime somnolence was not listed among

common type A adverse reactions of anti-parkinsonian

medications until the publication in 1999 of cases of
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“sleep attacks” at the wheel, in patients with PD treated

with ropinirole or pramipexole (Frucht et al., 1999). It

was thereafter realized that such problems are common

with any dopamine agonist, including ergot and non-

ergot ones. This is based on post-marketing surveil-

lance case reports with apomorphine (Homann et al.,

2000), bromocriptine (Ferreira et al., 2000), cabergo-

line (Ebersbach, Norden and Tracik, 2000), lisuride

(Ferreira et al., 2000), pergolide (Scharpira, 2000;

Ferreira et al., 2000), piribedil (Ferreira et al., 2000;

Tan, 2003), pramipexole (Frucht et al., 1999; Ryan,

Slevin and Wells, 2000), ropinirole (Frucht et al.,

1999), but also with other anti-parkinsonian

medications, such as entacapone (Ebersbach, Norden

and Tracik, 2000) and levodopa (Ferreira et al., 2001).

Pharmaco-epidemiological surveys confirmed that all

agonists share the risk of daytime somnolence (Hobson

et al., 2002; Paus et al., 2003). In levodopa-controlled

double-blind RCTs, the agonists usually induce greater

somnolence than levodopa (Etiman et al., 2001). The

prevalence of abnormal daytime somnolence varies

greatly according to the studies (6% according to Paus

et al., 2003; 16% Tandberg, Larsen and Karlsen, 1999;

18% Razmy, Lang and Shapiro, 2004; 27% Ferreira

et al., 2006; 30%Montastruc et al., 2001b; 32%Manni

et al., 2004; 34% Schlesinger and Ravin, 2003; 76%

Brodsky et al., 2003). This is probably mainly due to

different definitions (“sleep attacks”, “sudden onset of

sleep”, “unintended sleep episodes”, “irresistible sleep

episodes”, “abnormal daytime sleepiness”, “excessive

daytime sleepiness”), different populations (non-

demented patients, patients on agonists only, patients

who drive vehicles, or normal population) and different

methods of assessment (questionnaires, scales like the

Epworth scale, electro-physiological techniques like

the Multiple Sleep Latency Test etc.). In placebo-

controlled RCTs conducted in healthy volunteers,

ropinirole induced somnolence (Ferreira et al., 2002).

This was also true for levodopa (Andreu et al., 1999).

Risk factors are poorly known and might be related to

the patient (age, gender, genetic susceptibility), the

disease (severity, duration, associated symptoms such

as dysautonomia, dementia, depression) or the drug

(dose, duration of exposure, co-medications). Onemust

now recognize that somnolence is a frequent dopami-

nergic type A adverse reaction, shared by most, if not

all, dopaminergic medications (Homann et al., 2002),

although dopamine agonists appear to pose a greater

risk than levodopa (Etiman et al., 2001). Patients should

be informed of this potential effect, and be advised not

to drive if present. The practical management of

agonist-induced, inappropriate daytime sleepiness is

poorly known and remains empirical. In some in-

stances, dose reduction is efficacious. Switching from

one agonist to another is an option, but the same

reaction can occur with another agonist. Relatively

small placebo-controlled RCTs do not support the

prescription of “specific” therapies, such as modafinil

(Ondo et al., 2005).

Adverse Drug Reactions Caused by Anticholinergics

With anti-muscarinic agents, the most frequent adverse

reactions are urinary retention, constipation, dry mouth,

increase in intraocular pressure and central effects such as

confusion and cognitive deterioration, which may occur

even in non-demented persons (Sadeh, Braham andModan,

1982). Such a safety profile is obviously crucial to consider

when initiating treatment. Cognitively impaired or aged

patients are unlikely to tolerate anticholinergics, and

are better managed with other drugs, mainly standard

levodopa. Even in cognitively intact patients, anti-

cholinergics should only be prescribed in selected cases

and with great caution, and patients need to be moni-

tored for the emergence of anticholinergic side effects

(Katzenschlager et al., 2003).

Adverse Drug Reactions Caused by MAO-B Inhibitors

MAO-B inhibitors are generally well tolerated. A possible,

but rare, adverse effect is the serotonergic syndrome:

MAO-B inhibitors may increase central serotonergic tone

when taken together with serotonergic drugs such as selec-

tive serotonine re-uptake inhibitors (SSRIs) and other drugs

including opiates, lithium and St John’s wort. This may

result in confusional states, myoclonus, nausea and fever.

No safety concernswere observed in those patients from the

large rasagiline trials who had been on concomitant SSRIs,

but the combination of MAO-B inhibitors and the SSRIs

fluvoxamine and fluoxetine (which block CYP oxidase) is

not recommended.

Although both selegiline and rasagiline are relatively

selective MAO-B inhibitors, some effect on MAO-A can-

not entirely be ruled out, particularly at higher doses.

However, interactions of rasagiline with food intake have

been investigated and no effect on blood pressure sugges-

tive of a tyramine effect (as observed with older MAO-A

inhibiting anti-depressants) was found (deMarcaida et al.,

2006).

Mortality and the Early Use of Dopaminergic Drugs

In the few available long-term trials conducted in patients

with PD, themortality rate of patients randomized early to a

dopamine agonist like bromocriptine was not different

from that of patients randomized to levodopa (Hely

et al., 1999; Katzenschlager et al., 2008; Montastruc

et al., 2001).
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A few years ago, concerns on selegiline safety were

raised because of increased mortality in the levodopa þ
selegiline arm of a large levodopa-controlled RCT con-

ducted in early patients with PD (Lees 1995). A subse-

quent meta-analysis and smaller RCTs failed to reproduce

or to support this finding (Macleod et al., 2005). In the

absence of clear confirmatory reports, there is still insuf-

ficient data for definite conclusions. However, despite

some small studies reporting increased cardiovascular

risk due to orthostatic hypotension and autonomic nerve

system dysfunction on selegiline (Churchyard, Mathias

and Lees, 1999), most prescribers now consider an impact

on mortality unlikely.

PRAGMATIC APPROACH IN ROUTINE
CLINICAL PRACTICE

The management of patients with early PD involves differ-

ent steps. The first is to establish the diagnosis of

“idiopathic” PD. Then, the patient and their family should

be adequately informed and receive appropriate answers to

their questions about PD, including causes, symptoms,

progression, prognosis, genetic transmission, treatments,

on-going research and future perspectives. It is also impor-

tant, at this stage, to evaluate the individual and specific

needs and expectations of each patient, because these can

be markedly different depending on age, profession, cul-

ture, hobbies, mood, cognition, and co-morbidity. On this

basis, the next step is to choose the most adequate thera-

peutic option and finally to start follow-up.

Two issues are important to consider in this context (refer

to Figure 4.3):

1. When to start treatment: It is currently an unresolved

issue whether treating patients as early as possible, that

is, as soon as the diagnosis has beenmade, is preferable

to treating as late as possible and waiting until symp-

toms impair the patient’s functioning.

No treatment, wait until
disabililty appears

L-DOPA
(level 1 evidence)
First choice especially if:
-

-
-
-

-

-

age approximately > 65
years,
severe co-morbidity,
limited life expectancy,
relevant cognitive
impairment,
rapid improvement
desired, or
other drugs not tolerated

Increase dose as required

Early combination with an
agonist or a COMT inhibitor
(if used to delay motor
complications) remains
exploratory

Symptoms and signs associated with disability

Non ergot
dopamine agonist
(level 1 evidence)
First choice especially if
age approximately < 65
years, no contraindications

Increase dose as required
and tolerated

Then add L-dopa when
agonist monotherapy
becomes insufficient

If agonist not tolerated,
switch to L-DOPA

Mild symptoms and parkinsonian signs without disability

Early treatment initiation
(low level of evidence)
(Long-term benefit of initiating
therapy early is currently
speculative; see below for drug
choice)

MAO-B inhibitor
(level 1 evidence)
First choice especially if
disability is mild

If or when insufficient, switch to
or add L-DOPA or anagonist

Other options
(anti-cholinergics
amantadine…)
(lower level of
evidence)

Figure 4.3 Summary of the different treatment options.
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If a drug had proven to positively influence the

progression of PD, one would expect that it should

be prescribed as early as possible (even at pre-

symptomatic stages of the disease, if detectable),

provided short-term and long-term tolerability and

safety are acceptable. However, up to now, no inter-

vention has demonstrated definite efficacy in this

indication (see above). Results from a recent trial of

the MAO-B inhibitor rasagiline in early PD (the

TEMPO study) have been interpreted as showing a

sustained clinical benefit to initiating drug treatment

early (Parkinson Study Group, 2002). The trial used a

“delayed-start” design, where patients received the

active drug either from the beginning of the study, or

with a six-month delay. Over the following sixmonths,

patients who had startedwith a delay improved, but not

to the same degree as those who had received initial

active drug treatment. An on-going larger study is

currently attempting to replicate these findings with

rasagiline. A similar effect has been found in a study of

the transdermal dopamine agonist rotigotine, although

these results have not yet been fully published (Poewe,

personal communication), and a delayed-start trial is

currently ongoing with another dopamine agonist,

pramipexole.

Similarly, it is conceivable that not just early initia-

tion but initiating treatment with a more powerful drug

or higher doses may have some long-term benefit. The

only existing placebo-controlled trial of levodopa

(ELLDOPA Fahn et al., 2004) showed that following

a two-week wash-out period, UPDRS motor scores

remained better in the levodopa arms thanwith placebo

and patients on higher doses of levodopa did better

than on lower doses. These findings are broadly in

keeping with a general perception that has emerged

over the past few years, that starting treatment early

may convey some sustained benefit to patients in terms

of motor function. It has been speculated that this may

be, at least partly, due to compensatory mechanisms

within the basal ganglia which are enabled by allevi-

ating the dopamine deficiency early (Schapira and

Obeso, 2006).

However, it remains to be confirmed in larger and

long-term studies whether these observed differences

are clinically relevant or not and whether they corre-

spond to a subsequent long-lasting and sustained effect.

The different side-effect profiles of drugs used in the

treatment of early PD also need to be considered when

deliberating on the best time to start any symptomatic

treatment. As long as a definite benefit of treating early

has not been established, it remains important to

consider that in very mildly affected patients, the

induction of drug-related adverse events may out-

weigh any improvement of motor symptoms.

2. Which drug to prefer as first line when initiating

therapy: Once the decision has been made to start

symptomatic treatment, the best choice for each indi-

vidual patient must be identified. It is important to

remember that very few of the various possible strate-

gies have been directly compared in randomized trials.

Ideally, any treatment should be simple, efficacious,

safe in the long and the short term, and cost effective

(Table 4.4). None of the available drugs for the treat-

ment of early PDmeets all these criteria and each of the

options has advantages and disadvantages (Table 4.5):

- Levodopa: This is clinically useful in the early

management of PD because it has the strongest

efficacy among the anti-parkinsonian drugs. It also

has a long background of clinical use and is not

expensive. Due to its marked symptomatic

efficacy, levodopa remains the “gold standard” for

the treatment of PD, but in the early stages of the

disease, when symptoms are not severe, less effi-

cacious drugs can be sufficient to control mild

symptoms. Like any dopaminergic medication,

levodopa can induce dopaminergic peripheral and

central ADRs, but it is generally better tolerated

than other dopaminergic agents, such as agonists.

The emergence of motor complications on chronic

therapy represents an important disadvantage of

levodopa. Up to now, levodopa CR formulations or

an early combination with entacapone have not

demonstrated convincing clinical advantages vs

standard formulations with respect to motor com-

plications. Some years ago, the question of a

Table 4.4 Issues to consider in the early management
of Parkinson’s disease.

Objectives

1. Efficacy

2. Safety (long/short term)

3. Simplicity

4. Cost

5. Patient’s circumstances/preferences

Pathophysiological basis

1. Symptomatic therapy:

Non-dopaminergic agents? for example, amantadine,

(anticholinergics)

Dopamine replacement:MAO-B inhibitors, dopamine

agonists, L-dopa

2. Continuous dopaminergic stimulation

3. Neuroprotection

4. Compensatory mechanisms/lasting benefit by

initiating treatment early?
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putative negative impact of levodopa therapy on

PD progression was put forward, because dopa-

mine metabolism produces free radicals. Based on

in vitro data, and according to the pathophysiologi-

cal concept that oxidative stress causes neurode-

generation, many physicians became reluctant to

prescribe levodopa early. They rather delayed its

use as much as possible, in order to “protect” the

remaining neurones from this potential toxicity.

The concept of levodopa “toxicity” has no clinical

data to support the hypothesis (Olanow et al., 2004)

and it is not good clinical practice to delay levodopa

therapy for this purpose, when it is required to

adequately control motor symptoms.

- MAO-B inhibitors represent a possible option as a

first-line treatment in early PD for patients with

mild symptoms, because the regimen is simple for

the patients (once daily, no titration, one dose).

They are efficacious----although their symptomatic

efficacy is relatively modest----and they generally

have a favorable tolerability profile, although food

and drug interactions (tyramine cheese effect,

serotonergic syndrome) are rare, but possible.

However, the long-term impact of using MAO-B

inhibitors as the initial choice is not known, nor is

the impact of subsequent supplementation with a

dopamine agonist or with levodopa. These issues

are due to be assessed in the future in the course of

the development program of drugs like safinamide.

The daily dosages are listed in Table 4.6.

- Anticholinergics and amantadine are likely useful,

because they havemoderate symptomatic efficacy,

and because they are cheap (an important issue in

countries where the social security system does not

pay for medical care in all patients). Data from

trials are insufficient for specific recommendations

regarding these drugs in early PD, but their

side-effect profiles, as outlined above, should be

kept in mind, especially when considering

anticholinergics.

- Dopamine agonists: Dopamine agonists are clini-

cally useful in the early management of PD

patients because they have demonstrated symp-

tomatic efficacy and because they induce fewer

Table 4.5 Characteristics of drugs used in the treatment of early PD.

Neuro-

protection Efficacy

Motor

complications Practicality Cost

Psychiatric

ADRs

Amantadine ? þ ? þ Low þ þ
Anticholinergics ? þ ? þ Low þ þ þ
COMT inhibitors

(Entacaponea)

? ? ? þ þ Expensive þ

Dopamine

agonists

? þ þ þ � (titration) Expensive þ þ

Levodopa ? þ þ þ � þ þ Low þ
MAO-B

inhibitors

? þ ? þ þ þ Lowb/expensivec þ

a Not licensed for the indication early PD.
b Selegiline.
c Rasagiline.

Table 4.6 Licensed maximum dosages of selected drugs used in early PD.

Dopamine agonists MAO inhibitors

Ropinirole 24mg/d Selegiline Oral: 10mg/d

Pramipexole 3.3mg/d (base) Buccal: 1.25mg/d

Rotigotine 16mg/d Rasagiline 1mg/d

Cabergolinea 4mg/d

Pergolidea 5mg/d

a Not recommended as first-line options.
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motor complications than levodopa, at least during

the first years of follow-up. Non-ergot compounds

should be preferred to ergot derivatives because of

fibrotic adverse reactions, and the risk of restrictive

heart valve changes with some agonists must be

kept in mind. The most controversial issue in the

early management of PD patients remains, after

years of debate, whether a dopamine agonist or

levodopa should be chosen first. The disadvantages

of the agonists are that they are less efficacious (the

clinical relevancy of this difference remains con-

troversial) and that they can induce more adverse

drug reactions, such as daytime somnolence, leg

oedema, hallucinations and impulse control disor-

ders, than levodopa (see above). Moreover, the

long-term benefit of the early use of dopamine

agonists (>10 years) in terms of motor complica-

tions remains questionable, while they offer no

benefit over levodopa on other relevant long-term

issues, such as balance and gait problems, dementia

and mortality. The maximum daily dosages for

dopamine agonists are listed in Table 4.6. No

universally accepted conversion factor exists for

one dopamine agonist to another.

In summary, the question of which treatment to use as

first line in early PD remains unresolved, and at this stage,

no recommendations can be given that would suit every

situation: for each patient it remains important to consider

the patient’s preferences, age, co-morbidity including cog-

nitive function, and occupation. In patients with mild

symptoms, the use of an MAO-B inhibitor can be consid-

ered, due to the simplicity of its use and its good tolerability

profile. If or when symptoms require more “potent” med-

ications, levodopa or an agonist are usually considered,

with their respective advantages and disadvantages (see

above). Quality of life data are currently unavailable to

help with this decision, as the difference favoring levo-

dopa at two years (in two separate measures) in the

pramipexole study was no longer significant after four

years of follow-up (CALM-PD, Holloway et al., 2004).

As nearly all patients require levodopa after a fewyears, it is

important to be aware that prolonged under-treatment with

agonist monotherapy may lead to increased disability,

social withdrawal and diminished professional prospects

in some patients. Similarly, it is important to adjust the dose

of a dopamine agonist according to the patient’s needs

during the first months and years of treatment, when

dopamine agonist monotherapy is still an option, using

high enough doses, depending on tolerability, and to add

levodopa when it becomes necessary.

It is generally recommended in young patients (below

around 60--65 years), where the risk ofmotor complications

is relatively high, to start with a dopamine agonist and

to monitor the patients for potential adverse reactions.

Levodopa should then be added as a second line when the

efficacy of the agonist wanes and requires complementing.

Conversely, in aged patients (> around 65 years), it is

usually preferable to start with levodopa, because the risk

ofmotor complications is lower in this group.As long as the

agonist is maintained as monotherapy, the risk of motor

complications is extremely low. However, as all currently

available oral dopamine agonists are less symptomatically

efficacious than levodopa, low doses of levodopa are

needed after months to years in nearly all patients to

maintain sufficient symptom control. Patients should then

receive the combination of the agonist and levodopa rather

than switching to levodopa. This is supported by the con-

clusions of the post hoc 056 trial (Rascol et al., 2006b) and

of the CALM-PD trial (Constantinescu et al., 2007) show-

ing that when levodopa is added on top of an agonist after

some years of initial monotherapy, the risk of dyskinesia is

not precipitated, but simply reappears, whereas if the

patient is switched to levodopa, the incidence of dyskine-

sias can be expected to catch up rapidly, as if levodopa had

been used from the beginning. This is suggestive of a

levodopa sparing effect as amechanism to delay and reduce

the risk of dyskinesia.

From a pharmacokinetic perspective, different options

can theoretically be discussed in order to achieve more

continuous receptor stimulation. This includes using levo-

dopa controlled-release (CR) formulations (because they

reduce peak plasma concentrations (Cmax) and prolong

elimination half-life), agonists with very long half-life, or

entacapone (because it prolongs levodopa elimination half-

life without increasing itsCmax). It could be speculated that

these drugs should be used early. However, while the

hypothesis is attractive, proof of these concepts from

clinical data is currently lacking. As already mentioned in

the case of CR levodopa, two large RCTs showed no effect

on the incidence of motor complications. Moreover, al-

though we lack head-to head comparisons, it is a challeng-

ing observation that cabergoline, with its long elimination

half-life of 70 hours, does not seem to reduce the risk of

long-term motor complications much more than lisuride,

with its short half-life (three hours). The addition of en-

tacapone to levodopa from the initiation of treatment is

based on promising in vitro and animal data, but this

strategy cannot be generally recommended before the data

become available from the on-going study investigating

this concept in PD patients (STRIDE-PD). Attempts by

some physicians to prescribe levodopa divided into six or

more daily doses from the initiation of treatment to avoid

pulsatile plasma concentration changes, may cause incon-

venience to patients and might impair compliance. There-

fore, strategies that reflect pathophysiological concepts

should be subjected to clinical trials before adopting them

into clinical practice.
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SUMMARY

In conclusion, it is clear that any practitioner will base his/

her own therapeutic decision to initiate treatment in a given

patient with PD on a combination of several considerations.

The weight of these different factors varies markedly from

one patient to another, from one physician to another and

from one country to another. In regions with a low eco-

nomical level and poor social-security system, for example,

theoretical hypotheses such as “continuous dopamine

stimulation” and long-term concerns about motor compli-

cations might not be seen realistically as crucial factors

when initiating therapy. The most affordable and effica-

cious treatments allow treatment of the largest numbers of

patients andwill be themost appropriate pragmatic choices.

In richer countries, there is more space for long-term

concerns and attractive, but speculative, theories, and

marketing pressure have a stronger impact.

We believe that an evidence-based approach should be

promoted and favored asmuch as possible, to helpmake the

best decisions. This is often a difficult task, because it is not

easy to have access to the appropriate data, to analyze them

and to draw clear conclusions, and this is where working

groups such as the Cochrane and the MDS EBR one are

valuable in interpreting the data from clinical trials. Armed

with this knowledge, it is then the task of each physician to

weigh the benefits and drawbacks of each therapeutic

strategy and make the right choice, taking into account the

patient’s level of disability, personal and professional

circumstances, and expectations. These deliberations must

be continued as the patient is followed up further, and

changes in circumstances, individual response and tolera-

bility, and the relentless progression of the disease make it

necessary to adapt each patient’s medication on an individ-

ualized basis.
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INTRODUCTION

Early treatment of Parkinson’s disease (PD) with dopa-

minergic drugs, including dopamine agonists and levo-

dopa, results in effective and sustained control of motor

symptoms which may last for several years. With pro-

gression of the disease and the requirement for higher

doses of levodopa, the vast majority of patients start to

experience a variety of problems, including a reduced and

variable benefit from medication, with a range of motor

and non-motor symptoms. These motor problems can be

divided into those that are drug-responsive, including

motor fluctuations and dyskinesia and those that are

either less or non-drug-responsive, including speech,

swallowing, drooling problems, gait and balance, and

drug resistant tremor (Tables 5.1 and 5.2). Treatment of

associated non-motor symptoms is further discussed in

Chapter 6.

DRUG-RESPONSIVE MOTOR
COMPLICATIONS

Motor Fluctuations

A PD patient exhibiting parkinsonian symptoms when

medication benefit wanes is described as being “OFF” (in

the text indicated as OFF) and an improvement in symp-

toms in response to dopaminergic medication is termed

“on” (ON). Thus, the emergence of motor fluctuations is

apparent when a patient starts to notice these two states and

reports variable responses to levodopa. At the same time,

patients often experience involuntary movements, dyski-

nesia. Levodopa-induced dyskinesia can occur at variable

times in the levodopa cycle. A careful history of the

patient’s problems in relation to the timing of a dose of

levodopa is critical to management and treatment of motor

fluctuations (Table 5.3).

Predictable Fluctuations: Wearing-Off

Clinical Features

In early PD, the clinical response to a single dose of

levodopa is stable and lasts for several hours, despite the

half-life of levodopa being only 60--90 minutes (Muenter

and Tyce, 1971). The first motor fluctuation that is usually

appreciated by the patient is a predictable shortening in the

duration of response to levodopawith gradual emergence of

parkinsonian symptoms, called “wearing-off” or end-of-

dose deterioration (Shoulson, Glaubiger and Chase, 1975;

Fahn, 1982). The earliest manifestation of this is usually

“morning akinesia” since the time between doses is gener-

ally longest overnight before the morning dose or alterna-

tively, symptoms emerge if the patient forgets or is delayed

in taking a dose during the day. As a result they become

more reliant on the timing of the doses of levodopa and

begin to shorten the time intervals between doses to usually

less than four hours. Some PD patients also experience a

predictable loss of benefit, or further shortening of the

duration of action, in response to exercise.

Mechanisms

Wearing-off symptoms are probably due to a progressive

loss of presynaptic dopaminergic terminals with a loss of

dopamine storage (Verhagen Metman, Konitsiotis and

Chase, 2000). Loss of dopaminergic terminals means levo-

dopa is converted to dopamine in other aromatic acid-

decarboxylase containing cells, such as serotonergic and

endothelial cells (Ng, Colburn and Kopin, 1971; Melamed,

Hefti and Wurtman, 1980). These cells lack the ability to

Therapeutics of Parkinson’s Disease and Other Movement Disorders    Edited by Mark Hallett and Werner Poewe
© 2008 John Wiley & Sons, Ltd. ISBN: 978-0-470-06648-5



store dopamine and thus non-regulated release of dopamine

into the synaptic space may cause fluctuations. In addition,

post-synaptic mechanisms may also play a role (see

Chapter 1).

Treatment (Figure 5.1)

* Alter Dose Interval or Preparation of Levodopa: end-

of-dose or wearing-off phenomenon, if mild, can be

initially treated by decreasing the time interval between

each dose of levodopa to give the next dose just before

the beneficial effects have worn off. Alternatively or in

addition, if the patient is not experiencing dyskinesia

and OFF periods predominate, then individual doses of

levodopa can be increased. In advanced PD, increasing

individual doses of levodopa will not improve the

quality of the ON period, but will simply increase the

duration (Nutt and Woodward 1986; Marsden, 1994).

Longer-acting levodopa preparations such as levodo-

pa/carbidopa (Sinemet) CR or levodopa/benserazide

(Madopar) CR may help improve ON time by 1--1.5

hours (Ahlskog et al., 1988; MacMahon et al., 1990).

However, double-blind randomized controlled trials

(RCTs)have shownnosignificant differencewith standard

levodopa preparations in reducing OFF time (Jankovic

et al., 1989; Lieberman et al., 1990) and, as such, are not

recommended to reduce OFF time by the American

Academy of Neurology Practice Parameter (level C

recommendation); for definitions see Pahwa et al.,

2006). The bioavailability of these longer-acting pre-

parations is20--30%less than standard releasepreparations

and patients usually end up on higher overall daily doses of

levodopa, with a risk of exacerbating dyskinesia, particu-

larly later in the day (Lieberman et al., 1990). In addition,

these preparations also typically have a longer latency to

benefit so patients may experience “delayed-on”

problems; especially if doses are not overlapping (i.e., the

patient wears OFF before the next dose). The commonest

use for these long-lasting preparations is as a last dose of

the day to reduce nocturnal or early morning OFF period

symptoms.
* Add a catechol-O-methytransferease (COMT) inhibi-

tor: COMT is an enzyme involved in the breakdown of

levodopa and dopamine to methylated derivatives.

Inhibition of this enzyme therefore increases the elimi-

nation half-life of levodopa, thus increasing bioavail

ability (Ruottinen and Rinne, 1996a). There are

currently two COMT inhibitors available, entacapone

and tolcapone. Tolcapone is administered three times

daily, usually in 100mg doses, irrespective of levodopa

dosing. The shorter half life of entacapone, (one hour)

means that each 200mg dose has to be co-administered

with levodopa, up to 9--10 times per day, as necessary.

A combined preparation of levodopa/carbidopa and

entacapone (Stalevo) in a single tablet is now available

(Koller et al., 2005). There is no difference in efficacy

between standard levodopa/carbidopa with entacapone

compared to Stalevo, but rather increased patient pref-

erence for the combined rather than the separate tablets

(Brooks et al., 2005).

Many clinical trials have demonstrated improved

ON time with the addition of entacapone (Ruottinen

Table 5.1 Levodopa-responsive motor complications
Motor Fluctuations.

Motor Fluctuations

Predictable

End of dose deterioration/wearing-off

Unpredictable

Unpredictable OFF or sudden OFF

Delayed ON or partial ON or dose failure

Beginning or end-of-dose worsening

ON--OFF fluctuations

Dyskinesia

Peak-dose dyskinesia

Diphasic dyskinesia (Beginning and

end-of-dose dyskinesia)

OFF period and wearing-off dystonia

Table 5.2 Levodopa non-responsive motor
complications.

Speech problems

Dysphagia

Drooling

Freezing of gait

Postural instability/falls

Drug-resistant tremor

Table 5.3 Definitions of ON and OFF periods in
response to levodopa.

ON Patient experiences improved PD

symptoms after taking levodopa

Beginning of dose Onset of effect of levodopa;

usually within 15--30min post

dose

Peak dose Time of maximal improvement in

PD symptoms

End of dose Time when effects of levodopa

start to wane.

OFF Patient experiences PD symptoms
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and Rinne, 1996b; Parkinson Study Group, 1997) or

tolcapone (Rajput et al., 1997; Kurth et al., 1997) to

levodopa; on average by 1--2 hours. In open-label

extension studies, three-year follow up of the six-

month double-blind RCT (NOMECOMT trial) (Rinne

et al., 1998) showed on-going benefit, with 64% of

patients reporting benefit (Larsen et al., 2003). There

are no differences in the responses obtained using

levodopa/carbidopa, levodopa/benserazide prepara-

tions or with controlled release preparations of levo-

dopa (Poewe et al., 2002). However, the clinical

benefit of entacapone in PD patients with fluctuations

may be rather modest. A three-year follow-up study of

222 patients found that 122 (56%) had discontinued

entacapone, 46% due to lack of efficacy (Parashos,

Wielinski and Kern, 2004).

Early side effects of COMT inhibitors include

prolongation of existing ON period dyskinesia. In

addition, as the level of levodopa may accumulate

following repeated dosing, severity of dyskinesia may

also increase (Ruottinen and Rinne, 1996a; Kurth

et al., 1997; Muller et al., 2000). Dyskinesia can be

improved by reducing the dose of levodopa, usually

by 20% (Myllyla et al., 2001). Later side effects

include abdominal pain and severe, explosive diar-

rhoea that can occur after a few weeks of treatment

and may lead to discontinuation in 5% patients

(Rajput et al., 1997; Myllyla et al., 2001). A recent

study has also shown that entacapone 100mg is

equally efficacious to the usual 200mg, in Japanese

PD patients with wearing-off and with improved

tolerability (Mizuno et al., 2007).

Increase number of levodopa 
doses

Decrease time interval between 
levodopa doses to less than 4h

Early morning or night-time
OFF symptoms––use
levodopa CR, bed-time dose
of long-acting DA-agonist
or transdermal rotigotine

Increase individual dose of
levodopa (watch for peak dose
dyskinesia)

Add in COMT inhibitor Add in MAO-B inhibitorAdd in dopamine agonist

If refractory after exploiting combinations–
go to algorithm Fig 5.2

Consider combinations of above in case of
persistent wearing-off

Figure 5.1 Algorithm of practical approach to management of predictable wearing off.
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Tolcapone can cause significant elevation of transa-

minases, which occurs in about 3% of patients and three

unmonitored patients died of acute hepatic failure be-

fore this complication was recognized (Rajput et al.,

1997; Assal et al., 1998). This led to the prior with-

drawal of tolcapone; it has now been re-introduced into

many countries with a liver enzymemonitoring require-

ment and restricted use only in those failing other

therapies. Entacapone does not cause elevation of liver

enzymes (Myllyla et al., 2001).

Although randomized comparative studies have not

been performed, it is a common clinical impression that

tolcapone may be more efficacious than entacapone in

controlling motor fluctuations (Factor et al., 2001;

Entacapone to Tolcapone Switch Investigators, 2007).

This may relate to the purely peripheral effects of

entacapone on degradation of levodopa, as compared

to the additional central effects of tolcapone on dopa-

mine metabolism (Kaakkola, Gordin and Mannisto,

1994; Forsberg et al., 2003). The American Academy

of Neurology Practice Parameter recommends entaca-

pone to reduceOFF times (level A) (Pahwa et al., 2006).

TheMovement Disorder Society Evidence-BasedMed-

icine (EBM) Review Task Force recommends entaca-

pone as clinically useful and tolcapone as possibly

useful (for definitions of specific recommendations see

Goetz et al., 2005)).
* Add a monoamine oxidase B inhibitor: Monoamine

oxidase B (MAO-B) inhibition can extend the duration

of action of levodopa by inhibiting the metabolism of

dopamine and increasing dopamine levels by up to 70%

in the brain (Riederer andYoudim, 1986). Several early

clinical studies demonstrated that theMAO-B inhibitor,

selegiline (Eldepryl), (5--10mg/d) had a mild effect on

PD patients with wearing-off motor fluctuations (Lees

et al., 1977; Golbe et al., 1988). There was no benefit in

patients with marked, disabling ON--OFF fluctuations

and the main side effects related to increased dopamine

levels, such as nausea, postural hypotension, hallucina-

tions and dyskinesia, which improved on reduction of

the levodopa dose. The earlier concerns of higher risk of

death in PD patients taking selegiline combined with

levodopa by the UK study (Lees, 1995) have not been

confirmed in subsequent meta-analysis (Ives et al.,

2004), although these involved studies of patients using

selegiline in early PD and similar meta-analysis of the

risks of selegiline as add-on in PD patients with motor

fluctuations have not been performed.

A new transmucosal preparation of selegiline (Zydis selegi-

line) is now available. This is placed on the tongue and is

rapidly absorbed directly into the systemic circulation

(Seager, 1997). This bypasses first pass hepaticmetabolism

and reduces productionof theoretically toxic amphetamine-

likemetabolites (Clarke et al., 2003).Asingle double-blind,

RCThas shown that Zydis selegiline (2.5mg/d) significant-

ly reduced total daily OFF time in PD patients with predict-

able wearing-off, by 2.2 h compared to 0.6 h for placebo

(Waters et al., 2004). The main side effects were dizziness,

hallucinations, headache and dyskinesia. To date, no com-

parisons have been made with conventional selegiline in

terms of improving wearing-off symptoms.

Rasagiline (Azilcet), a newly developed irreversible

MAO-B inhibitor, is 10--15 times more potent than selegi-

line and is not associated with amphetamine metabolites

(Finberg et al., 1999). In a double-blind RCT over 26

weeks, rasagiline 0.5mg/d and 1mg/d reduced total daily

OFF time by 1.41 and 1.85 hours compared to 0.9 h with

placebo, respectively (Parkinson Study Group, 2005). An-

other RCT using rasagline 1mg/d showed similar efficacy

to entacapone (200mg/dose of levodopa) in reducing OFF

time (�1.18 h for rasagiline; �1.2 h for entacapone com-

pared to �0.4 h for placebo) with the one potential advan-

tage of improved morning akinesia, possibly due to its

longer duration of action (Rascol et al., 2005). Side effects

with rasagiline were similar to those seen with selegiline.

On a practical basis, the use of MAO-B inhibitors as a

treatment for wearing-off in advanced PD patients can be

limited due to potential perceived drug interactions. Thus

the manufacturers of both selegiline and rasagiline advise

concomitant use of selective serotonin reuptake inhibitors

(SSRIs) and tricyclic anti-depressants is contraindicated

due to the potential risk of the serotonin syndrome. The

serotonin syndrome has been reported with use of seroto-

nergic drugs in combination with non-selective MAO

inhibitors and consists of mental changes such as confusion

and agitation with myoclonus, tremor, hyperreflexia and

diaphoresis. However, up to 40% of PD patients have

depression and frequently use anti-depressants. A review

of experts in treatment of PD, published case reports and

adverse experiences reported to the FDA revealed out of

4568 PD patients using selegiline combined with an anti-

depressant, 11 patients (0.2%) had symptoms suggestive of

serotonin syndrome, with only 2 patients having serious

symptoms and no deaths (Richard et al., 1997). This

suggests that in clinical practice, serotonin syndrome is

extremely rare. The incidence of serotonin syndrome with

rasagline is as yet unknown. However, low doses of anti-

depressants were allowed in the phase III trials of rasagline,

without any reported problems.

The American Academy of Neurology Practice Param-

eter recommends rasagiline to reduceOFF times (levelA),

while selegiline has level C recommendation (Pahwa

et al., 2006). The Movement Disorder Society EBM

Review Task Force reports insufficient data for selegiline

as a treatment for motor complications and at the time of

the report, rasagiline was undergoing investigation
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(Goetz et al., 2005). To date, there are no direct compari-

son studies of selegiline vs rasagiline as add-on therapy

for the treatment of wearing-off.

* Add a Dopamine Receptor Agonist: Adding an oral

dopamine receptor agonist may be a better option due

to the longer duration of action, as well as bypassing

erraticgastricabsorption,whichmaybeafactor inmotor

fluctuations (see below), and alsomay allowa reduction

in levodopa. All dopamine agonists in clinical practice,

bromocriptine, ropinirole, pergolide, pramipexole, and

cabergoline reduce OFF time and improve the duration

of ON time when combined with levodopa (Hoehn and

Elton,1985;Liebermanetal., 1993;Olanowetal.,1994;

Rascol et al., 1996;Pinter, Pogarell and Oertel, 1999).

Systematic review and analysis of clinical trials com-

paring bromocriptine with ropinirole, cabergoline and

pramipexole as add-on therapy have shown no signifi-

cant differences in efficacy (Clarke and Deane, 2001a;

Clarke and Deane, 2001b; Clarke et al., 2000; Goetz,

2003). In two trials, pergolide was more efficacious at

reducing motor impairment and disability compared to

bromocripine (Clarke and Speller, 2000). To date, there

are no comparisons of efficacy between ropinirole and

pramipexole as treatment for wearing-off.

A transdermal (patch) formulation of the non-ergot

dopamine agonist, rotigotine (Neupro) is approved for

use in advanced PD in Europe and has recently received

FDA approval. Transdermal therapy has an additional

advantageover oral dopamine agonists in patients unable

to swallow or take medication by mouth, for example,

post-operatively and by reducing the number of drugs a

patient takes. The side effects of rotigotine are similar to

other dopamine agonists with the addition of application

site reactions. A recent phase III RCT investigated

rotigotine, 8mg and 12mg/24 h in 351 PD patients with

wearing-off and demonstrated a significant reduction in

OFF time of 1.8 h and 1.2 h, respectively, without in-

creasing bothersome dyskinesia (LeWitt et al., 2007).

Side effects of dopamine agonists are frequently the

limiting factor in use or escalation of dose in advanced

PD. The commonest problems include nausea, symp-

tomatic postural hypotension, somnolence, hallucina-

tions and oedema, with no difference between drugs

(Pahwa et al., 2006) (see also Chapter 3). Other rarer

issues include the recently highlighted impulse control

disorders such as problem gambling, compulsive shop-

ping and hypersexuality, with a prevalence of about 6%

(Voon et al., 2006; Weintraub et al., 2006). Recent

concerns regarding valvular fibrosis with the ergot

dopamine agonists, pergolide and cabergoline, may also

limit use of these particular drugs (Schade et al., 2007;

Zanettini et al., 2007). The FDAhas recently announced

that pergolide is being voluntarily withdrawn from the

market. The evidence of similar valvular problems with

bromocriptine is unknown and to date lisuride has not

shown any problems, possibly due to 5HT2B antagonist

properties of the drug. Pleuropulmonary and retroperi-

toneal fibrosis seems to be a complication of all ergot-

derived agonists.

The American Academy of Neurology Practice Param-

eter recommends pergolide, pramipexole and ropinirole

for treatment of wearing-off (level B) (Pahwa et al.,

2006). The Movement Disorder Society EBM Review

Task Force recommends pergolide, pramipexole, and

ropinirole as “clinically useful” and bromocriptine and

cabergoline as “possibly useful” for treatment of wearing-

off (Goetz et al., 2005).

Practical Approach to Managing Predictable
Wearing-Off

PD patients with predictable wearing-off will usually re-

spond well to increased frequency or dose of levodopa. The

key to managing such patients is not to be afraid of using

levodopa. The last two decades has seen a swing in pre-

scribing habits from use of levodopa early to avoidance at

all costs, or under-use, due to the “fear” of long-term

levodopa-induced motor fluctuations. Frequently, patients

are now seen struggling on low doses of levodopa (300--400

mg/d) with many hours OFF time in the day. Remember to

strike a balance between the long-term risks of motor

fluctuations and present quality of life.

Unpredictable Fluctuations: Unpredictable OFFs,
Sudden OFFs and ON--OFF Fluctuations

Clinical Features

Patients can also experience wearing-off that is fast, ran-

domand unrelated to the timing of the last dose of levodopa,

called “unpredictable OFFs.” Such patients can suffer OFF

periods that come on over a few seconds with resultant

severe akineisa called a “sudden-OFF” (Fahn, 1974). Such

problems are more resistant to treatment than predictable

wearing-off. Patients may experience predictable or unpre-

dictable switching from being ON and mobile with dyski-

nesia to being OFF and immobile, known as “ON--OFF
fluctuations” (Duvoisin, 1974; Fahn, 1974). The term

“ON--OFF” implies a transition from one state to the other

akin to switching on and off a light. Patients with advanced

PD can develop a “yo-yoing” effect where they rapidly,

unpredictably and repeatedly switch from being ON with

dyskinesia to OFF and then ON again (Fahn, 1974; Fahn,

1982; Marsden and Parkes, 1976). Such fluctuations are

typically difficult to manage using pharmacological means

and such patients often require functional surgical inter-

vention, to reduce the motor fluctuations and improve

quality of life (see Chapter 7).
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Mechanism

Unpredictable motor fluctuations occur with further dis-

ease progression. Thus such problems arise due to ongoing

loss of pre-synaptic dopaminergic terminals, as well as

post-synaptic changes in the striatal medium spiny neurons

and resultant altered neurotransmitter activity within basal

ganglia circuitry (see Chapter 1). Peripheral pharmacoki-

netics of levodopa also play a role (see below), resulting in

variable levodopa absorption in the small intestine and

transport across the blood--brain barrier. In addition, PD

patients often report sudden OFFs in response to anxiety,

being in a crowd, suggesting cortical influences on basal

ganglia motor circuits.

Treatment (Figure 5.2)

* Increase oral dopaminergic agents (as for predictable

wearing-off): Increasing dopaminergic stimulation

with increased frequency and or dosing of levodopa

may reduce sudden ON--OFF fluctuations by smooth-

ing out dopamine levels. However, these unpredictable

ON-- OFF fluctuations do not appear to correlate with

levodopa timing or levels. Patients often have associ-

ated ON period choreiform dyskinesia and so this

regime can exacerbate involuntary movements. In-

creasing the dose of a dopamine agonist is a better

option, as this may permit a reduction in the levodopa

dose. Several studies have shown that dopamine ago-

nists are efficacious in alleviating motor fluctuations

using higher than normally recommended dosing, for

example, ropinirole average daily dose 34mg (Cristina

et al., 2003); pergolide 8.2mg/d (Storch et al., 2005)

and cabergoline 6.4mg/d (Odin et al., 2006). In all

cases, levodopa doses were significantly reduced and

the commonest side effects were hallucinations. Since

the discovery of cardiac valvulopathy complicating

pergolide and cabergoline use and the suggestion that

it may be, at least partially, dose-related, this high-dose

approach with these agents is not recommended. The

addition of entacapone is less helpful for unpredictable

sudden OFFs compared to predictable wearing-off

(Gordin, Kaakkola and Teravainen, 2003).
* Use liquid/soluble oral levodopa preparations: Soluble

levodopa pro-drug preparations are rapidly hydrolyzed

to levodopa and thus more rapidly and reliably ab-

sorbed, compared to conventional levodopa. Such pre-

parations may be helpful for rapid reversal of OFF

periods (Steiger et al., 1991; Stocchi, Nordera and

Marsden, 1997). Preparations that exist include levo-

dopa/benserazide (Madopar dispersible), levodopa

methylester, levodopa ethylester and orally disintegrat-

ing tablets of levodopa/carbidopa (Parcopa). Although

these preparations are more reliably absorbed than

conventional tablets, the duration of action may be

shorter at 1--1.5 hours. Thus, in clinical practice, such

preparations are only useful for intermittent use as

rescue treatment for OFF periods or more often, as

treatments for dose failures or for rapid switching-on

required in the early morning (see below).

Alternatively, patients can crush oral levodopa pre-

parations and take them with a carbonated beverage.

This may result in more rapid absorption for rescuing

OFF periods. Patients requiring frequent smaller doses

to control complicated fluctuations and disabling dys-

kinesias can take liquid levodopa preparations by crush-

ing tablets in water combined with ascorbic acid,

however, the solutions are unstable after 24 hours

(Kurth et al., 1993a). In our experience, the inconve-

nience of liquid levodopa therapy (e.g., taking hourly

doses, having to carry a supply whenever the patient

leaves home, preparations every 1--2 days), usually

results in patients and families abandoning this ap-

proach after a relatively short period of time.
* Enteral levodopa: There have been several attempts at

delivering levodopa directly into the duodenum as a way

of circumventing the stomach to improve absorption and

reduce ON--OFF fluctuations. To date, however, only

open-label studies have been performed in small num-

bers of advanced PD patients with ON--OFF motor

fluctuations. These studies have demonstrated efficacy

in improved daily OFF times, with a reduction in dyski-

nesia (e.g., Kurlan et al., 1986; Kurth et al., 1993b;

Stocchi et al., 2005). To aid solubility of the levodopa

methyl ester, however, large volumes of water are

required (Nyholm andAquilonius, 2004). An alternative

stable suspension of levodopa and carbidopa in methyl-

cellulose (Duodopa) has been recently developed, with

improved solubility for enteral administration (Nyholm,

2006). To date, clinical studies have been performed in

small numbers of patients and have not beendouble blind

or placebo controlled so the true efficacy is unclear.

However, Duodopa infusions have shown improved ON

time without an increase in dyskinesia, in advanced PD

patients (Nyholm et al., 2005). This treatment, which

combines a gastrostomy with placement of the tube into

the duodenumand a specially designed pump carried in a

“holster” has now beenmarketed in Scandinavia, Europe,

the UK and approval is pending in North America.

In all cases of enteral infusion of levodopa, the cost, as

well as technical and mechanical issues may limit

widespread use. For PD patients with disabling fluctua-

tions who are not suitable for functional neurosurgery

(DBS) however, such an approach is a potential alter-

native. The more continuous dopaminergic stimulation

and ability to reduce intermittent oral levodopa provid-

ed with this treatment may also be associated with a

reduction in dyskinesia.
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* Parenteral dopamine agonist: apomorphine: The in-

jectable mixed dopamine D1/D2 receptor agonist, apo-

morphine, has been used in Europe for many years as a

treatment for ON--OFF motor fluctuations, particularly

as rescue therapy for OFF periods and sudden or

unpredictable OFF periods (Stibe et al., 1988; Frankel

et al., 1990) and has recently been approved for use in

the USA. Due to the pro-emetic action of apomorphine,

prior treatment for 2--3 days and continued treatment

using the oral anti-emetics, domperidone (20mg t.i.d.)

or trimethobenzamide hydrochloride (300mg t.i.d) is

required. Some patients can discontinue the anti-emetic

after a few weeks.

A single s.c. injection of apomorphine alleviates

parkinsonian symptoms within 5--15min for 60--90

minutes and so can be used as a “rescue” for OFF-

period disability (Chaudhuri et al., 1988; Dewey et al.,

2001). Apomorphine can be used either as intermittent

s.c injections (2--8mg per injection, average daily total

dose approximately 100mg/d) and/or as an infusion

(20--160mg) ranging over 10--24 hours (Manson,

Turner and Lees, 2002; Tyne et al., 2004). The

Revise L-Dopa regimen (consider less frequent higher
doses, convert CR levodopa to standard levodopa)

Consider dose increase of DA-agonists

Continuous 
s.c. apomorphine infusions

Enteral levodopa infusions Bilateral STN-DBS

Consider parenteral DA-agonists (transdermal
rotigotine, intermittent s.c. apomorphine)

If refractory consider invasive
therapies (if available)

Figure 5.2 Algorithm of practical approach to management of unpredictable motor fluctuations.
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anti-parkinsonian actions of apomorphine and levodopa

are equivalent (Cotzias et al., 1970). Long-term use of

apomorphine does not result in loss of benefit (Hughes

et al., 1993; Gancher, Nutt and Woodward, 1995). For

patients with frequent OFF periods requiring several

injections per day, s.c infusion of apomorphine (using

specially designed pumps) is useful and more practical.

Continuous infusion of apomorphine not only markedly

reduces OFF time but also reduces ON period dyskine-

sia. This reduction in dyskinesia is only partly due to a

concomitant reduction in levodopa dose (Colzi, Turner

and Lees, 1998; Manson, Turner and Lees, 2002).

However, despite the potential advantages, there has

been a general under-usage of apomorphine (Chaudhuri

and Clough, 1998). In many countries, this has been

because of a lack of a peripheral dopamine receptor

antagonist, such as domperidone. Another common

reason also relates to practicalities of using apomor-

phine, as most patients will need support from family

and specialist PD nurses (Manson, Turner and Lees,

2002; Tyne et al., 2004).

The main side effect of apomorphine is formation of

skin nodules. These can occur in 20--78% of patients

(Colzi, Turner and Lees, 1998; Tyne et al., 2004), but

are only bothersome in about a third of these patients

(Manson, Turner and Lees, 2002). Management in-

cludes rotating the injection site, ensuring strict aseptic

technique; diluting the apomorphine 1:1 with normal

saline, massage or local skin ultrasound. Neuropsychi-

atric side effects appear to be less common than with

oral dopamine agonists, but hallucinations and confu-

sion can occur at high doses. New methods of adminis-

tering apomorphine are being developed in an attempt to

reduce the problems associated with injections. These

include sub-lingual (Montastruc et al., 1991), intranasal

(Kapoor et al., 1990), rectal (Hughes et al., 1991) and

transdermal (Priano et al., 2004), which have all been

tried, but with sub-optimal absorption and tolerability.

Both apomorphine and enteral levodopa (as discussed

above) are viable options for use in elderly patients with

motor fluctuations where the risks of functional neuro-

surgery (STN DBS) are thought too great. The relative

safety, efficacy and patient satisfaction of these treat-

ment compared to STNDBS in younger patientswho are

good surgical candidates is under active assessment at

present (e.g., De Gaspari et al., 2006).

Dose Failure “No-ON”; Delayed or Partial “ON”
Response

Clinical Features

PD patients may experience delay in benefit (“delayed

ON”) or absence of benefit from a dose of levodopa called

“dose-failure” or “no-ON” response (Melamed and Bitton,

1984). The commonest times include the first dose of the

day or after meals. The delay in a PD patient switching-on

can account for a significant proportion of the total daily

OFF time (Merims, Djaldetti and Melamed, 2003).

Mechanism

Such problemsmay occur due to impaired levodopa absorp-

tion in the small intestine or across the blood--brain barrier

due to competition with large neutral amino acids found in

dietary protein (peripheral pharmacokinetics of levodopa)

(Nutt and Fellman, 1984; Leenders et al., 1986; Alexander

et al., 1994). Absorption of levodopa in the small intestine

may also be impaired by delay in gastric emptying second-

ary to the presence of food per se (Fahn, 1977; Baruzzi et al.,

1987). Gastric emptying is also erratic and slow in PDdue to

theunderlyingdisease, aswell as secondary to dopaminergic

and anti-cholinergic medications (Evans et al., 1981;

Edwards, Quigley and Pfeiffer, 1992). In addition, consti-

pation via a cologastric reflex, leads to delayed gastric

emptying (Bojo and Cassuto, 1992). A slower speed of

gastric emptying has been demonstrated to correlate with

the presence of motor fluctuations (Djaldetti et al., 1996).

Treatment (Figure 5.2)

* Modify dietary protein: Either reducing protein intake,

or leaving large protein meals to the end of the day may

improve motor fluctuations (Pincus and Barry, 1987;

Karstaedt and Pincus, 1992).
* Take levodopa on an empty stomach: Initially patients

are advised to take levodopa with food to prevent

nausea, butwith time this requirement diminishes. Thus

advising a patient to take levodopa on an empty stom-

ach will improve absorption and reduce dose failures

(Contin et al., 1998).
* Improve gastric emptying: Reducing or stopping anti-

cholinergics may help improve gastic emptying and

thus levodopa absorption. In addition, treatment of

constipation may also help.
* Treat H. pylori infection: A recent study has suggested

an important role for Helicobacter pylori infection in

altering levodopa absorption and contributing to motor

fluctuations. Eradication of the H. pylori infection

improved levodopa pharmacokinetic profiles and clini-

cal response (Pierantozzi et al., 2006).
* Soluble oral levodopa preparations: The more rapidly

absorbed, fast-acting soluble levodopa pro-drug pre-

parations may be helpful for improving dose failures

(see above). A small study demonstrated that equivalent

doses of oral levodopa methyl ester and dispersible

Madopar (levodopa/benserazide) improved latency to

switching ON in 13 PD patients in the fasting state after

overnight drugwithdrawal andwere significantly faster

compared to standard levodopa/carbidopa (Steiger
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et al., 1992). A recent RCT study of levodopa methyl

ester (melevodopa)/carbidopa, as the first dose of the

afternoon, in 74 fluctuating PD patients showed a

significant reduction in latency to switch-on from

66.7 to 47.4min compared to 68.5 to 58min with an

equivalent dose of standard levodopa/carbidopa

(Stocchi et al., 2007). A small open-label study com-

paring patient preference and benefit in 61 PD patients,

when switched from conventional to the orally disin-

tegrating tablets (ODT) of levodopa/carbidopa showed

significantlymore patients (45%) preferredODTs com-

pared with 20%who preferred the conventional tablets,

in terms of ease of use, although therewas no difference

in daily OFF times between the two groups (Nausieda

et al., 2005).

A study using levodopa ethyl ester (etilevodopa)/

carbidopa as a replacement for the first dose of the day

and first dose after lunch demonstrated a reduction in

mean latency to switching ON by 21% (morning dose)

and 17% (post-lunch dose) compared to conventional

levodopa/carbidopa and a decrease in percentage of no-

ON episodes after the post-lunch dose by 21% com-

pared to conventional levodopa/carbidopa (Djaldetti

et al., 2002). However, a recent double-blind RCT in

327 PD patients with motor fluctuations comparing

etilevodopa/carbidopa (as the only levodopa prepara-

tion) vs standard levodopa/carbidopa, failed to show

any significant benefit in total daily time to turn-on or

dose failures (Blindauer et al., 2006). This suggests that

such soluble preparations are probably only useful for

intermittent use in reducing motor fluctuations.
* Apomorphine: Apomorphine s.c. injections can also be

used to switch on when there is a delay or dose failure

(see above).

Beginning-of-Dose Worsening, End-of-Dose Rebound

Some patients can experience a transient worsening of

symptoms at the beginning of a dose, often as an increase

in tremor (“beginning-of-dose worsening”) (Merello and

Lees, 1992). Patients may experience an exacerbation or

rebound in their symptoms at the end of dose (“end-of-dose

rebound”) (Nutt, Gancher and Woodward, 1988). In some

cases, the OFF state may be considerably worse than in the

untreated state or after longer periods of drug withdrawal

(“super-OFF”).

Take Levodopa When Still in ON State

Occasionally patients with advanced PD experiencing

motor fluctuations may report that the first dose of the

day is less effective (Melamed and Bitton, 1984) (in

general, however, PD patients tend to notice that their

response to medication is usually better in the morning

and deteriorates over the course of the day). Some

patients need a larger dose to “kick in;” or if they become

very parkinsonian or experience a “super-OFF”, then a

usually effective dose of levodopa does not switch

them ON.

Practical Approach to Treating Unpredictable Motor
Fluctuations

Whatever approach is taken, PD patients with advanced

disease often cannot tolerate even small increases in dopa-

minergic stimulation because of a disabling increase in

dyskinesia or the development of behavioral and psychiat-

ric problems. At this stage, the response to intermittent oral

medication becomes brittle and unpredictable. More fre-

quent, smaller doses attempting to address the shortening

response without aggravating dyskinesias sometimes result

in a more unpredictable response pattern with a greater

number of dose failures. At this stagemany patients seem to

have an “all-or-none” response to levodopa that requires a

threshold level of dopaminergic stimulation. Frequent,

small dosesmayunder-shoot this threshold. In such patients

with very complicated, unpredictable fluctuations, simpli-

fying the dosage schedule using fewer, but larger, doses

will often result in a return to a more predictable response

pattern.

Counseling and educating patients and families as to the

nature of the fluctuations is vital in management, and for

some symptoms, may be as effective as changing drugs.

Resist the pressure to change medication just because the

patient is with you in the clinic; sometimes doing nothing is

the best course of action. Warn patients and relatives that

changes to drugs may take time (weeks rather than days) to

be effective. Make changes to one drug at a time so you

know what has caused the improvement or change. (Watch

out when stopping selegiline or anti-cholinergics for

rebound symptoms, especially tremor).

Dyskinesia

Clinical Features

Dyskinesia varies in phenomenology and management

according to the timing in response to levodopa. Dyskinesia

most commonly occurs at the time of best ON response to

levodopa (“peak-dose dyskinesia”) or throughout the du-

ration of theONperiod (“square-wave dyskinesia”) and can

be a mixture of chorea, ballism and dystonia and to a lesser

extent myoclonus (Nutt, 1990). Choreiform movements in

the limbs are most common, but dystonic posturing in the

limbs and craniocervical dystonia and chorea are also

common (Luquin et al., 1992).

Dyskinesia also occurs when the levels of levodopa are

low. This occurs during OFF periods or wearing-off and is
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predominantly dystonic, affecting the lower limbs (Poewe,

Lees and Stern, 1988; Bravi et al., 1993). Patients often

experience a more fixed posture (e.g., ankle intorsion with

toe flexion or extension), especially early morning, often

associatedwith pain (“earlymorning dystonia”) (Melamed,

1979). Less common is dyskinesia occurring at the begin-

ning and end-of-dose, when the levels of levodopa are

rising and falling, respectively, known as “diphasic dys-

kinesia,” or “beginning and end-of-dose” dyskinesia

(Muenter et al., 1977). Diphasic dyskinesia also tends to

affect the legs predominantly and can involve stereotypic

rapid alternating leg movements, as well as unusual ballis-

tic kicking or dystonia (Luquin et al., 1992).

Mechanism

Levodopa-induced dyskinesia is due to a combination of

pre- and post-synaptic changes in the nigrostriatal dopa-

minergic system and possibly other dopamine pathways,

for example, the nigropallidal pathway (this is further

discussed in Chapter 1).

Peak-Dose Dyskinesia

Treatment (Figure 5.3)

The need to treat dyskinesia has to be carefully evaluated

since symptoms are often non-bothersome and many

patients prefer this to the disability associated with OFF

periods. A recent population-based study from the Mayo

Clinic found that although dyskinesia developed in nearly

60% of patients after 10 years, the dyskinesia was severe

enough to require medication adjustments in only 43% of

patients and nearly 90% of the patients were spared dyski-

nesia that could not be controlled by drug adjustments (Van

Gerpen et al., 2006).

* Reduce levodopa lose: Management of peak-dose

dyskinesia is based on reducing the level of dopami-

nergic stimulation without increasing parkinsonian

disability. Frequently, however, small reductions in

levodopa will result in unacceptable worsening of

parkinsonism. This can be counteracted by increasing

the dose of dopamine agonists, which have a lower

propensity to cause dyskinesia (although in practice,

advanced PD patients may find higher doses of dopa-

mine agonists difficult to tolerate).
* Reduce mildly active dopaminergic drugs; MAO-B

inhibitors and COMT inhibitors: At the stage when PD

patients are experiencing brittle ON--OFF fluctuations

with unpredictable motor fluctuations and peak-dose

dyskinesia, the benefit of MAO-B inhibitors and

COMT inhibitors may be less. Thus discontinuing or

reducing the dose of these drugs may reduce peak-dose

dyskinesia.
* Amantadine: To date, the most effective drug in

alleviating peak-dose dyskinesia is the non-sub-

type-selective NMDA receptor antagonist, amanta-

dine. Several lines of evidence have demonstrated

abnormal glutamatergic activity within the striatum in

dyskinesia, involving both NMDA and AMPA sub-

types of glutamate receptors (see Chapter 1). Aman-

tadine, significantly reduces dyskinesia, between 24

and 60%, without exacerbating parkinsonism (Verha-

gen Metman et al., 1998; Snow et al., 2000). How-

ever, amantadine can induce side effects such as

psychosis, confusion, livido reticularis and oedema

that can limit tolerability. In addition, clinical practice

has shown that only a proportion of PD patients

appear to respond well and benefit may only last a

few months (Thomas et al., 2004). For the treatment

of dyskinesia, the American Academy of Neurology

Practice Parameter recommends amantadine as pos-

sibly effective (level C), (Pahwa et al., 2006). The

Movement Disorder Society EBM Review Task Force

advises that amantadine is efficacious and clinically

useful (Goetz et al., 2005).
* Clozapine: Clozapine has been suggested as a possi-

ble treatment for peak-dose dyskinesia in PD, as

clinical experience in schizophrenia has shown a

lower propensity to induce extra pyramidal side

effects, including tardive dyskinesia, when used in

the treatment of psychosis. This “atypical” anti-

psychotic effect has been suggested to be due to

changes in the distribution and affinity of dopamine

D2 receptor binding as well as affinity for non-

dopaminergic receptors, including 5HT2A/2C,

amongst others (Kapur and Seeman, 2001). A dou-

ble blind RCT in PD patients with dyskinesia using

low-dose clozapine (39.4� 4.5mg/day) reduced ON

time with dyskinesias as well as the severity of

dyskinesia in response to a single dose of levodopa

in a 10-week placebo-controlled trial (Durif et al.,

2004). However, on clinical evaluation, only dyski-

nesia at rest, but not activated dyskinesia (as with

talking, performing various activities) were reduced

and so it is not clear whether this effect will

translate into a meaningful improvement in dis-

ability caused by dyskinesia in practice. The Ameri-

can Academy of Neurology Practice Parameter

states there is insufficient data to recommend

clozapine (Pahwa et al., 2006).

The atypical anti-psychotic drug, quetiapine has

also been evaluated, but low-dose treatment (25mg)

was found to be ineffective (Katzenschlager et al.,

2004), however, animal studies suggest that higher
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doses might be beneficial (Oh, Bibbiani and Chase,

2002). The other atypical anti-psychotics, olanzapine

and risperidone have been shown to significantly

worsen parkinsonism (Goetz et al., 2000; van deVijver

et al., 2002) and are not recommended in PD for the

treatment of dyskinesia.
* Enteral levodopa/parenteral dopaminergic drugs:

Many studies have demonstrated an improvement in

peak-dose dyskinesia with administration of continuous

dopaminergic stimulation (e.g., Sage et al., 1988;

Kurth et al., 1993b; Nutt, Obeso and Stocchi, 2000).

Thus Duodopa and apomorphine infusions (Katslanger

et al., 2005) (as discussed above) can also reduce

levodopa-induced dyskinesia, by reducing the oral levo-

dopa dose and also possibly by a “de-priming” effect

within the basal ganglia circuitry (see Chapter 1). A

study in 40 PD patients with an infusion of the dopa-

mine agonist, lisuride over a four-year period

also showed a significant reduction in dyskinesia,

as well as OFF time compared to oral levodopa

(Stocchi et al., 2002). The same was reported in a

small pharmacokinetic study using duodenal infusions

of levodopa methyl ester (Stocchi et al., 2005). To

date, it is not clear if similar effects on reducing peak-

dose dyskinesia will be seen with transdermal patches

of dopamine agonists.

Dyskinesias improve, 
parkinsonism worsens 

No improvement  

Discontinue mildly active drugs like 
MAO-B-inhibitors,COMT-inhibitors 

Increase dose of DA-agonist 

Add Amantadine 

Consider invasive 
therapies (if available) 

Continuous s.c. apomorphine or 
enteral levodopa infusions 

Surgery – bilateral STN-DBS 
unilateral pallidotomy for selected patients 

Re-emergence of dyskinesias 

Insufficient response 

Revise levodopa regimen (reduce individual dose size, convert
levodopa CR to standard levodopa)   

Figure 5.3 Algorithm of practical management of peak-dose (high-dose) dyskinesia.
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Diphasic Dyskinesia

Treatment (Figure 5.4)

* Improve OFF periods; use of dopamine agonists: The

problem of OFF-period and diphasic dyskinesia is due

to low levels of dopaminergic stimulation. Thus,

treatments designed to reduce OFF periods, as dis-

cussed above, will reduce OFF period dystonia. In

particular dopamine agonists, due to the long duration

of action, are useful in the treatment of diphasic

dyskinesia.
* Amantadine: Amantadine may also improve diphasic

dyskinesia. (Paci, Thomas and Onofrj, 2001).

Early Morning OFF Dystonia

Treatment (Figure 5.4)

* Early morning dose of levodopa: Painful OFF-period

morning foot dystonia is often helped by taking the first

daily dose of levodopa early on awakening or using an

extra earlymorningdose, especiallycrushed (e.g., setting

an alarm clock and taking a dose left out at the bedside

before returning to sleep for 1--2 h). Other alternatives
include using s.c. apomorphine or one of the fast-acting

levodopa preparations for quicker onset (Lees, 1993;

Factor, Brown andMolho, 2000). The other option is the

use of long-acting dopamine agonists or controlled-

release levodopa prior to bedtime (Lees, 1987).

Consider invasive therapies (if available)

Continuous s.c. apomorphine,
enteral levodopa infusions

Surgery––bilateral  STN  DBS

OFF PERIOD AND
WEARING-OFF DYSTONIA

DIPHASIC DYSKINESIA

Increase dose of dopamine agonists

Amantadine

Focal botulinum toxin
(see text for additional

options)

Treat OFF periods
(as per Figures 5.1 and 5.2)

Figure 5.4 Algorithm of practical management of OFF-period dystonia and diphasic dyskinesia (low-dose)

dyskinesia.
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* Botulinum toxin: Focal injection of botulinum toxin

frequently helps, especially extension of the big toe and

foot inversion. (Pacchetti et al., 1995).

Drug-Resistant Motor Complications

Advanced PD patients experience a range of symptoms

that may not respond, or only partially respond, to

dopaminergic drugs. These comprise predominantly

“midline” or axial symptoms associated with bulbar

function, gait and balance (Table 5.2). The underlying

pathophysiology is probably outside the dopaminergic

system and involves neurodegeneration within other

brainstem structures and connections. This explains the

overall poor response obtained from dopaminergic

therapy. The neuropharmacology ofmany of these functions

is complex, involving cholinergic, noradrenergic and

serotonergic systems and is unlikely to derive from dys-

function of one neurotransmitter system. Thus, to date, no

effective drug treatments exist for the majority of these

problems. The management of these drug-resistant motor

symptoms therefore relies primarily on non-pharmaco-

logical means.

Speech Problems

Clinical Features

Speech problems are a common source of disability in

advancedPDpatients. Patients candevelop reducedvolume

(hypophonia), monotony of pitch, breathy phonation and

imprecise articulation, amongst other problems, resulting in

unintelligible speech (often termedhypokinetic dysarthria).

Mechanism

The cause of these speech problems is not clearly defined,

but probably results from a combination of impaired vocal

cord, laryngeal and respiratory muscle movement com-

bined with altered basal ganglia drive and cortical dysfunc-

tion (reviewed in Pinto et al., 2004).

Treatment of Speech Problems See Table 5.4

Dysphagia

Clinical Features

Swallowing difficulties can be a common and important

problem in advanced PD. Patients may complain of food or

tablets sticking in the throat or coughing after fluids.

Table 5.4 Treatment of speech problems.

Treatment

Randomized Clinical trials

(RCT) and Evidence based

recommendations

Practical approach

and comments

Increase dopaminergic

medications

None May help in early disease

Care -- can worsen speech (peak-dose

dysphonia) (Critchley, 1974).

Tachyphemia (fast, low-volume

speech) can be an ON phenomena

Speech therapy Possibly effective (Level C)

(Suchowersky et al., 2006).

Unknown relative benefits of

different techniques (Deane

et al., 2001).

Main approach to treatment

Various techniques, for example,

Lee Silverman Voice Treatment

(LSVT) (Ramig, Fox and

Sapir, 2004)

Collagen vocal cord augmentation None Usually temporary benefit (Kim,Kearney

and Atkins, 2002; Hill et al., 2003

Technological means of improving

communication, for example,

voice amplification systems

and electronic communicators

None
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Mechanism

On examination of PD patients with dysphagia, abnormali-

ties in the oral and pharyngeal phases of swallowing

(including the facial, tongue and palatal muscles) are

common, with hypokinetic lingual transfer movements and

palatal elevation (Ertekin et al., 2002; Alfonsi et al., 2007).

Investigation with videofluoroscopy helps determine the

severity (Stroudley and Walsh, 1991).

Treatment of Dysphagia See Table 5.5

Drooling of Saliva

Clinical Features

PD patients often report drooling of saliva (sialorrhea)

which can range from mild, nocturnal only or intermittent

daytime between the sides of the mouth, to severe drooling

with constantly wet face and clothes (Bateson, Gibberd and

Wilson, 1973).

Mechanism

Sialorrhea is probably due to associated dysphagia as

absolute saliva production is normal or even reduced in

PD (Bagheri et al., 1999; Proulx et al., 2005). In addition,

the open-mouth and flexed neck postures will exacerbate

the problem.

Treatment of Sialorrhea -- See Table 5.6

Gait Disturbances

Problems with gait and balance, resulting in falls are

frequent, dopamine-resistant symptoms in advanced PD.

This topic is discussed in Chapter 28.

Drug-Resistant Tremor

Certain PD patients can experience marked tremor that is

apparently resistant to dopaminergic drugs. In such pa-

tients, tremor may respond to much higher doses of

levodopa, but often at the expense of development of

other dopaminergic side effects. Alternatives may include

clozapine (Friedman et al., 1997); the exact mechanism

of action of clozapine in reducing tremor is unknown.

The option of surgery, either bilateral STN DBS, or now

less frequently, thalamic VIM nucleus stimulation is

often the best means of managing the tremor in such

patients (see Chapter 7).

Table 5.5 Treatment of dysphagia.

Treatment

Randomized Clinical

trial (RCT) and Evidence

based recommendations Practical approach and comments

Increase dopaminergic

medications

None May help if dysphagia is an OFF period

symptom (Bushmann et al., 1989;

Witjas et al., 2002).

Usually is unhelpful

Speech therapy and

nutritionist

None (Deane et al., 2002) A multi-disciplinary team including a

speech therapist for swallow

assessments and advice on safe eating

and drinking, and nutritionist/dietician

with regard to dietary advice such as

change in food consistency and so on,

is main approach to treatment

required

Percutaneous endoscopic

gastrostomy (PEG)

feeding tube

May be considered if patient is unable to

maintain adequate nutrition or has

frequent aspiration pneumonia. Only

consider following counseling with

patient and family.
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CLASSIFICATION AND CLINICAL
SPECTRUM

Although idiopathic Parkinson’s disease (PD) is generally

considered a paradigmatic movement disorder, it has long

been recognized that the neuropathology underlying PD

involves many brain areas that are not directly involved in

motorcontrol, like the locuscoeruleus, dorsalvagalnucleus,

raphe nuclei of the brainstem, the hypothalamus, the olfac-

tory tubercle and large parts of the limbic cortex and

neocortex (Braak et al., 2003). Pathology also extends into

the peripheral autonomic nervous system involving sympa-

thetic ganglia, cardiac sympathetic efferents and the myen-

teric plexus of the gut (Braak et al., 2003; Braak et al.,

2006a). It is therefore not surprising that amajority, if not all

PD patients, also suffer from non-motor symptoms (Poewe,

2006), adding to the overall burden of parkinsonianmorbid-

ity. Non-motor symptoms in PD involve a multitude of

functions, including disorders of sleep--wake cycle regula-
tion, cognitive dysfunction, disorders of mood and affect,

autonomic dysfunction as well as sensory symptoms and

pain. They become increasingly prevalent and obvious over

the course of the illness and are a major determinant of

quality of life, progression of overall disability and of

nursing-home placement in PD (Hely et al., 2005). In their

various combinations, non-motor symptoms may become

the chief therapeutic challenge in advanced stages of PD.

NEUROPSYCHIATRIC FEATURES
(TABLE 6.1)

Depression

Clinical Features

Apathy, or some degree of loss of initiative and decisive-

ness, are almost universal, even in the early stages of PD,

and some decline in the capacity to derive pleasure from

enjoyable activities is also reported by many patients or

their partners. The majority, however, do not complain

about depressed mood, and there is some ambiguity re-

garding the exact clinical definition of PD-associated de-

pression vs PD-specific alterations of psychomotor drive

and hedonistic tone (Barone et al., 2006). Loss of interest

and anhedonia are core features of the depressive syndrome

in PD. Anxiety and panic attacks are also common in PD

andmay antedate the firstmanifestation of the parkinsonian

motor syndrome. Insomnia, loss of appetite and fatigue are

also frequently present, while other depressive features

common in major depression in non-PD patients, like

feelings of self-blame, guilt, sense of failure and self-

destructive thoughts, are much less common in PD, as are

suicides or suicidal ideation (Mayeux 1990).

Prevalence

According to published reports, the prevalence of major

depression in PD ranges from a low of 4% to a high of 70%

(Poewe 2006; Tandberg et al., 1996; Starkstein et al., 1990;

Cummings, 1992; Meara, Mitchelmore and Hobson, 1999).

Recent studies suggest the presence of depressive symptoms

in 36--50% of patients with PD (Shulman et al., 2001), but

less than half of these will actually meet DSM IV criteria for

major depression (Tandberg et al., 1996).

Pathophysiology and Clinico-Pathological Correlations

While some of the depressive symptoms in Parkinson’s

disease may actually occur as a reaction at the time of first

diagnosis, there is general consensus that PD-specific patho-

logy, with multiple transmitter deficiencies in mesocortical

monoaminergic systems, plays a major role----including the

mesocorticolimbic dopaminergic projection, as well as the

Therapeutics of Parkinson’s Disease and Other Movement Disorders    Edited by Mark Hallett and Werner Poewe
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mesocortical noradrenergic and serotonergic projections.

Specifically dopaminergic cell-loss in the ventral tegmental

area (VTA) with subsequent orbitofrontal dopaminergic

denervation may contribute to apathy and anhedonia, which

are typical of parkinsonian depression (Damier et al., 1999).

In addition, corticolimbic noradrenergic denervation

through cell-loss in the locus coeruleus and serotonergic

denervation via serotonergic cell-loss in the raphe nucleus

likely play a role. Recent functional imaging studies have

confirmed dopaminergic and noradrenergic denervation

in limbic areas and have also demonstrated reduction of

5-HT1A receptor binding in the limbic cortex and frontal and

temporal cortical areas in depressed PD-patients (Remy

et al., 2005).

Principles of Management

Psychosocial support, counseling and various forms of

psychotherapy all have a role in themanagement of patients

with PD and depression, particularly in relation to reactive

depressive episodes around the time of diagnosis. The

mainstay of treatment for most patients, however, is phar-

macological therapy.

Available Studies

In contrast to the frequency and clinical impact of depres-

sion of PD, there are very limited data from controlled

clinical trials to guide treatment decisions (Goetz et al.,

2002). In those therapeutic trials available, placebo effects

have generally been large (Weintraub et al., 2005) and

virtually no study to date has unequivocally demonstrated

anti-depressive efficacy of any intervention targeting PD-

related depression in a placebo-controlled design----the only

exception relating to an old trial of nortryptiline using an

unconventional outcomemeasure (Wermuth, Sorensen and

Timm, 1998; Andersen et al., 1980).

Available open-label and controlled drug trials in PD

depression have assessed both classical anti-depressants, as

well as the anti-depressive potential of dopaminergic drugs

used to treat the motor symptoms of PD. In addition, some

studies have assessed the efficacy of electroconvulsive

therapy or transcranial magnetic stimulation.

Dopaminergic Agents

The role of dopaminergic deficiency in PD depression is

illustrated by the common clinical occurrence of OFF-

period-related depressive symptoms in fluctuating PD

(Witjas et al., 2002). Consistent with this, Maricle and

co-workers (Maricle et al., 1995) have shownanti-anxiolytic

and mood brightening short-term effects of L-Dopa

infusions in a double-blind, single-dose placebo-controlled

study of eight patients with fluctuating Parkinson’s disease.

There have also been claims of anti-depressant efficacy of

the dopamine (DA) agonist bromocriptine in a small open-

label study (Jouvent et al., 1983). More recently, the non-

ergot dopamine agonist pramipexole was shown to exert

anti-depressant effects in two randomizedopen-label studies

in PD patients with depression (Barone et al., 2006;

Rektorova et al., 2003). Both studies showed significant

improvements on the Hamilton Depression Rating scale

(HAM-D), but are limited by the lack of a placebo-control

arm (see Table 6.2). Two randomized studies have assessed

the anti-depressant effects of monoamine oxidase (MAO)

inhibitors in PD (Lees et al., 1977; Mann et al., 1989).

Results were inconsistent and both studies were confounded

by motor improvement and also lacked placebo controls.

Anti-depressant Drugs

Tricyclic anti-depressants (TCAs) were identified as the

second most commonly used drug class to treat PD depres-

sion in a large North American survey involving 49 in-

vestigators of the Parkinson Study Group (Richard and

Kurlan, 1997), but there are only very limited data from

clinical trials in PD to support this use.

The only randomized placebo-controlled study with this

class of agents in PD depression dates back more than

20 years and is related to nortryptiline (titrated from 25mg/

day to a maximum of 150mg/day) (Andersen et al., 1980),

which showed a significant improvement over placebo, on

a depression rating scale designed by the author. The now

more commonly used anti-muscarinic anti-depressants

clomipramine, imipramine or amitryptiline have never

been tested in a placebo-controlled trial in PD depression,

although amitryptiline was more efficacious than fluoxe-

tine in one randomized comparator trial (Serrano-Duenas,

2002) and received a level C recommendation for treating

Table 6.1 Neuropsychiatric features in PD.

Mood disorder
* anhedonia, apathy
* anxiety
* depression

Cognitive dysfunction
* dysexecutive syndrome
* visuospatial dysfunction
* dementia
* psychosis

Complex behavioral disorders
* dopamine dysregulation syndrome (hedonistic

homeostatic dysregulation)
* punding
* impulse control disorders
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PD depression in a recent AAN practice parameter

(Miyasaki et al., 2006).

Serotonine Reuptake Inhibitors (SSRIs)

SSRIs were the most commonly used class of drugs to treat

depression in PD, considered the first-line option in 63% of

theirpatientsby theNorthAmericanParkinsonStudyGroup

(PSG) investigators (Richard and Kurlan, 1997). The effi-

cacy of SSRIs in PD-associated depression has been sug-

gested by numerous open-label studies covering a variety of

agents (fluoxetine, sertraline, paroxetine) (Goetz et al.,

2002; Weintraub et al., 2005). To date, only two small

double-blind placebo-controlled studies have assessed this

approach. When Leentjens and colleagues randomized 12

patients to treatment with sertraline or placebo for 10weeks

no statistically significant differences in the change of

Montgomery-Asberg Depression Rating Scale (MADRS)

scores was detected (Leentjens et al., 2003), and Wermuth

and co-workers also failed to detect statistically significant

differences in treatment response between citalopram and

placebo in a larger trial involving 37 patients treated for

52 weeks (Wermuth, Sorensen and Timm, 1998).

Newer Anti-depressants

Reboxetine (Lemke, 2002) is a selective noradrenergic

re-uptake inhibitor devoid of serotonergic activity, while

nefazodone (Avila et al., 2003) and venlafaxine (Cunning-

ham, 1994) are both serotonergic and noradrenergic re-

uptake inhibitors. Mirtazapine is a potent pre-synaptic

a2-adrenergic autoreceptor antagonist, and in addition has

antagonistic activity at both 5-HT2 and 5-HT3 serotonin

receptors enhancing 5-HT1-mediated neurotransmission.

The only available randomized trial with this class of drugs

has compared nefazodone with fluoxetine (see Table 6.2)

and found similar anti-depressant activity, in a small group

of patients with PD (Avila et al., 2003).

Non-Pharmacological Treatment

A recent review identified 21 articles, covering a total of 71

patients with PD receiving electroconvulsive therapy

(ECT) to treat concomitant depression (Goetz et al.,

2002). These data are insufficient to conclude about the

efficacy and safety of ECT to treat depression in PD. Two

double-blind studies have assessed repetitive transcranial

magnetic stimulation (rTMS) in PD depression. There was

no difference between sham and effective stimulation with

respect to depression and PDmeasures (Okabe, Ugawa and

Kanazawa, 2003). Another study (Fregni et al., 2004) found

rTMS as effective as fluoxetine in improving depression at

week 2----an effect maintained to week 8. However, inter-

pretation of this study is hampered by lack of a placebo arm

(see Table 6.2).

Pragmatic Management of PD Depression

In the absence of controlled-trial data on drug-treatment of

depression inPD, routine clinicalmanagement has to rely on

extrapolation from data obtained in trials in non-PD popula-

tions with major depression and open-label observations in

PDdepression, taking into account current knowledge on the

pathogenesis of depressive symptoms inPD(seeFigure6.1).

In general, patients should be receiving sufficient dopamine-

substitution for optimal control of motor symptoms, includ-

ing attempts to smooth out motor response oscillations that

can go along with profound mood swings. In cases with

advancedPDthiswillusuallybebasedoncombinationsofL-

Dopa with or without catechol-O-methyltransferase

(COMT)-inhibitors and dopamine agonists. Currently there

is insufficient evidence to support the use of dopamine

agonists as primary anti-depressants in PD patients with

optimized motor control.

Add-on anti-depressant drug treatment is often needed,

and the choice between anti-muscarinic agents, SSRIs or

the newer combined serotonergic-adrenergic agents de-

pends on the patient profile and individual safety and

tolerability (see Figure 6.1). The anti-cholinergic profile

of anti-muscarinic anti-depressants may help to further

improve PD symptoms, such as tremor or rigidity, and

their sedating properties may make them suitable options

for patients with agitated depression and insomnia. Their

main safety risks are related to a potential to induce cardiac

arrhythmias, orthostatic hypotension, cognitive dysfunc-

tion or delirium when used in patients with PD dementia.

Concomitant treatment of PD patients with TCAs can

contribute to psychosis, sedation and daytime sleepiness

and abrupt withdrawal has been associated with dysauto-

nomia, anxiety and panic.

SSRIs may help to improve anhedonia and loss of

interest and relieve anxiety and panic attacks. SSRIs, when

studied in psychiatric populations, have been found to

exhibit an improved safety profile over TCAs with lower

incidences of anti-cholinergic side effects or cardiac ar-

rhythmias. They may, however, worsen PD tremor in some

4 to 5% of patients (Ceravolo et al., 2000) and there are

concerns about the induction of the serotonin syndrome

when used in conjunction with MAOB inhibitors. This

somewhat loosely defined condition involves hyperpyre-

xia, tremor, agitation and other mental status changes and

has been found to occur in severe form in 0.24%of PD cases

exposed to SSRIs in the presence of the MAOB inhibitor

selegeline, in one large survey (Richard et al., 1997).

The class of newer anti-depressant agents targeting both

the noradrenergic and serotonergic systems may be useful

in PD depression, given that both systems are involved in its

pathogenesis, but so far there are very limited data to

actually support their efficacy or safety. Venlafaxine has

activating effects that can be useful in apathic patients and
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withdrawn patients with PD depression, but needs to be

avoided in agitated subjects (Okun and Watts, 2002).

Because of its anti-histaminic activity mirtazapine can

induce some sedation and should be given at bedtime. It

has been claimed to reduce anxiety and insomnia in de-

pressed PD patients (Okun and Watts, 2002).

Currently available evidence does not support the use of

ECT or rTMS to treat depression in PD.

Cognitive Dysfunction and Dementia

The development of dementia has significant impact on the

natural history of Parkinson’s disease and has been shown

to be associated with more rapid progression of disability,

increased risk for nursing-home placement and increased

mortality (Goetz and Stebbins, 1993; Biggins et al., 1992;

Marder et al., 1995).

Definition and Clinical Features

The clinical profile of PD dementia (PD-D) is identical to

that of dementia with Lewy Bodies (DLB) except for later

development of the dementia syndrome (more than 12

months after onset of parkinsonism in PD-D and before

that in DLB) (McKeith et al., 2005). The dementia syn-

drome of PD-D includes aspects of psychomotor slowing,

apathy and bradyphrenia, but the core cognitive dysfunc-

tion in PD-D is characterized by deficits in memory,

attention, visuospatial and visuoconstructive capabilities

and executive function. The memory deficit in PD predom-

inantly affects retrieval, but there is also impairment of

cued recall and recognition, both in the verbal and visual

domains (Emre et al., 2007). Attentional deficits in PD-D

may show similar fluctuations as reported for DLB (Ballard

et al., 2002), and executive dysfunction includes impaired

verbal fluency tests, concept formation, set shifting and

problem solving. In addition, affected patients may show

prominent mood and behavioral disorders, including anxi-

ety and depression, as well as hallucinations, delusions and

confusional states, while language and praxis remain lar-

gely intact (Emre, 2003). Cognitive dysfunction in PD-D is

progressive at an average annual rate of decline of Mini-

Mental State Examination (MMSE)-scores in the order of

two to three points (Emre 2003; Aarsland et al., 2004).

Prevalence

Subtle cognitive deficits are almost universally identified

even in early Parkinson’s disease upon detailed neuropsy-

chological testing (Lees and Smith, 1983). A recent meta-

analysis of prevalence studies on dementia in Parkinson’s

disease has estimated that 31% of PD patients fulfill diag-

nostic criteria for dementia and that PD-D accounts for

around 4% of degenerative dementias with a population-

based prevalence of between 0.2 and 0.5% in those aged

older than 65 (Aarsland, Zaccai and Brayne, 2005a).

Pathophysiology and Clinico-Pathological Correlations

The pathophysiology of cognitive decline and dementia in

PD is complex and includes multiple pathologies in multi-

ple brain areas. Neocortical Alzheimer-type changes, lim-

bic and neocortical LewyBody degeneration aswell as sub-

cortical vascular lesions are often present in combination,

but cortical LewyBody degeneration has been suggested to

be themajor driving factor for the development of dementia

in PD (Aarsland et al., 2005b;Apaydin et al., 2002). Similar

to DLB, dementia in PD has been correlated with cortical

cholinergic denervation (Whitehouse et al., 1983; Perry

et al., 1993; Bohnen et al., 2003).

Principles of Management

In trying to improve cognitive function and erratic behavior

in patients with PD-D, it is important to control or eliminate

potential aggravators (see Figure 6.2) and in themajority of

patients additional treatmentwith anti-dementia agentswill

deserve a trial.

Available Studies

Based on the role of cortical cholinergic denervation in the

pathogenesis of PD-D, cholinesterase inhibitors (ChE-Is)

are the most widely studied class of agents for this condi-

tion. Small open-label series with usually less than 10

patients were initially performed with tacrine (Hutchinson

and Fazzini, 1996), subsequently with rivastigmine and

donepezil (Werber and Rabey, 2001;Reading, Luce and

McKeith, 2001; Linazasoro et al., 2005), and have claimed

efficacy in improving cognition and reducing erratic be-

havior. More recently, efficacy and safety of donepezil and

rivastigmine have been evaluated in placebo-controlled

randomized trials (see Table 6.3).

Donepezil

Aarsland and colleagues performed the first randomized

placebo-controlled study using donepezil in a crossover

design of two 10-week treatment periods (Aarsland et al.,

2002). In this small study of 14 patients with PD andmild to

moderate dementia, MMSE scores significantly improved

with 10mg of donepezil vs placebo (see Table 6.3). How-

ever, two subsequent studies using a similar design in

equally small patient numbers have not been able to de-

monstrate consistent benefits of donepezil on a variety of

measures including the MMSE, Alzheimer’s Disease As-

sessment Scale Cognitive Subscale (ADAScog) and Mattis

Dementia Rating Scale (Leroi et al., 2004; Ravina et al.,

2005). Studies were consistent, however, in showing good

tolerability of donepezil in PD-D, without worsening of
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Unified PD Rating Scale (UPDRS) motor scores. A large

placebo-controlled randomized trial of donepezil in patients

with PD-D has recently been completed, and results have

been published in abstract form only. They include statisti-

cally significant improvement of ADAScog scores after 24

weeks of treatment with donepezil compared to placebo

(Dubois et al., 2007).

Rivastigmine

A recent randomized placebo-controlled trial assessing the

efficacy and safety of rivastigmine to treat PD-D included a

total of 541patients and found that rivastigmineat ameandose

of 8.7mg/day, was associated with a significant improvement

of ADAScog and Alzheimer’s Disease Cooperative Study-

Clinician’s Global Impression of Change (ADCS-CGIC)

scores (see Table 6.3) (Emre et al., 2004). Nausea and

vomiting were the most common side effects observed with

rivastigmine, affecting between 17 and 29% of patients.

Although there were no statistically significant differences in

UPDRS motor scores between rivastigmine and placebo-

treated patients,more patients on rivastigmine reported tremor

as an adverse event. A sub-analysis of this study has shown

greater response in patients experiencing visual hallucinations

at baseline, compared to thosewithout thesephenomena (Burn

et al., 2006) and an open-label extension of the trial has shown

sustained efficacy over 12 months (Poewe et al., 2006).

Other Agents

Galantamine, a cholinesterase inhibitor with some addi-

tional effects on nicotonic cholinergic transmission, has

only been assessed in a small open-label study reporting

global clinical improvement, increases in MMSE scores

and improvement of selected items of the Neuropsychiatric

Inventory (NPI) (Aarsland, Hutchinson and Larsen, 2003).

Worsening of tremor occurred in some patients.

Pragmatic Management of PD Dementia

Treatment of cognitive decline and dementia in PD should

always start with careful assessment of potential differential

diagnoses or alternate causes of dementia other than PD (see

Figure 6.2). This process may involve brain imaging to

exclude new-onset structural brain pathology, like sub-dural

hematomas, as a consequence of recurrent PD-related falls

or, rarely, CSF studies to exclude encephalitis, chronic

meningitis, or other CNS inflammation. Next, it is manda-

tory to review current PD and other CNS-active treatments

for their potential to induce or aggravate cognitive dysfunc-

tion. Anti-cholinergics or amantadine should be disconti-

nued in any cognitively impaired PD patient, co-treatment

with anti-depressants should not use agents like TCAs or

others with prominent anti-muscarinic activity. Sedatives or

hypnotics may also add to cognitive dysfunction and should

only be used when absolutely necessary.

In bona fide PDdementia, orthostatic hypotension can be

a contributor to fluctuations in attention and alertness and

should be treated accordingly (Peralta et al., 2007).

Cholinesterase inhibitor therapy should be initiated in all

patients with a MMSE score of less than 24. The best-

studied drug in PD-D is rivastigmine and, to date, is the only

member of this class approved in this indication in the US

and EU. Donepezil may also be efficacious, but data from

controlled trials currently do not unequivocally support its

use. Data on galantamine and memantine are few and these

agents are considered investigational in PD-D.Results to be

expected from treatment of PD-D with ChE-Is include

improvement in memory, attention, concentration and

alertness, reduced fluctuations in cognitive performance,

as well as improved hallucinosis and erratic behavior.

There can be substantial gains in independence of activities

of daily living, and reduced caregiver burden, but responses

may be disappointing in a fair proportion of patients.

Declining response over time may reflect ongoing cortical

Lewy Body degeneration, but stopping therapy in such

instances may still be associated with further worsening of

cognitive performance.

Psychosis

Definition and Clinical Features

Hallucinosis and psychotic episodes are among the most

challenging of the parkinsonian non-motor symptoms.

Psychosis is often used as an umbrella term encompassing

a spectrum of disordered thought and perception including

illusions, delusions, hallucinations, confusion and paranoid

ideation (Ravina et al., 2007). Illusions and hallucinations

are the predominant psychotic manifestations in PD and

most commonly are visual in nature, while acoustic and

tactile hallucinations are less frequent and, if present,

usually occur in association with visual hallucinations

(Poewe, 2003). Visual hallucinations in PD can be minor,

such as fleeting sensations of presence or passage, but when

fully expressed they are usually well formed, colorful and

rich in detail (Ebersbach, 2003). In milder forms, insight

into the hallucinatory nature of these perceptions is at least

partially maintained, while in severe forms there is loss of

insight with or without paranoid interpretation.

Psychosis has been identified as a major risk factor for

nursing-home placement in PD (Goetz and Stebbins, 1993)

and early psychotic reactions to dopaminergic replacement

in PDhave been correlatedwith subsequent development of

cognitive decline and dementia (Goetz et al., 1998).

Prevalence

Although there are few systematic andprospective studies of

incidence and risk factors for psychosis in PD, recent drug

trials in early PD have found incidences of hallucinosis
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and psychosis in up to 17% of patients (Poewe, 2003)

and cross-sectional surveys in outpatient clinic populations

have reported a 40% prevalence of hallucinations in PD

during the previous three months when “minor forms” of

psychosis, like illusions or transient sensations of the pres-

ence of a person were included (Fenelon et al., 2000). The

total lifetime prevalence of hallucinations occurring at any

time period of the disease course was close to 50% in this

cohort.

Pathophysiology and Clinicopathological Correlations

While psychosis in PD is commonly triggered by drug

exposure, it can also occur spontaneously as a genuine

feature of PD. Visual hallucinations in patients with PD are

thought to be related to Lewy body pathology in the

visuoperceptual systems including the basolateral nucleus

of the amygdala and parahippocampus (Williams and Lees,

2005; Harding, Broe and Halliday, 2002). A recent clini-

copathological study has found a high positive predictive

value of visual hallucinations in life for a pathological

diagnosis of Lewy body (PD and DLB) vs non-Lewy body

parkinsonism (MSA, PSP or vascular parkinsonism)

(Williams and Lees, 2005). In addition, psychosis can be

induced or triggered by all major classes of anti-parkinso-

nian agents, including dopamine agonists, L-Dopa,

monoamine oxidase-B (MAOB) inhibitors, catechol-O-

methyl-transferase (COMT)-inhibitors, anti-cholinergics,

and amantadine (Poewe, 2003; Poewe and Seppi, 2001).

The frequency of psychosis is higher with dopamine ago-

nist treatment compared to L-Dopa monotherapy (Poewe,

2003; Weintraub et al., 2006). Additional risk factors

include older age, cognitive decline and dementia.

Principles of Management

Management of psychosis in PD is based on careful assess-

ment of triggering or contributing factors, including a

rigorous review of the current anti-parkinsonian treatment

schedule, and frequently will include the addition of an

anti-psychotic agent.

Available Studies

In recent years a number of atypical anti-psychotic drugs

with low potential for causing extrapyramidal adverse

reactions have been tested in the setting of psychosis in

patients with PD, in order to control psychiatric symptoms

without reducing motor function (see Table 6.4). As a

group, atypical anti-psychotics have a greater affinity for

serotonin 5-HT2 than dopamine D2 receptors compared to

typical anti-psychotics. Cholinesterase inhibitors may be

another treatment option for psychotic behavior specifi-

cally in patients with PD and dementia (see above).

Anti-psychotics

Clozapine

Clozapine remains the only atypical anti-psychotic agent

with consistent evidence for efficacy from open-label and

randomized controlled studies (Goetz et al., 2002). Two

randomized placebo-controlled trials have documented

anti-psychotic efficacy without worsening of UPDRS mo-

tor scores after four weeks of double-blind treatment

(FCPSG, 1999; The Parkinson Study Group, 1999) (see

Table 6.4). Open-label extensions of these studies provided

evidence for maintained efficacy of clozapine over an

additional 12 weeks (Pollak et al., 2004; Factor et al.,

2001). Consistently reported side effects, even with low-

dose clozapine, in these studies include sedation, dizziness,

increased drooling, orthostatic hypotension and weight

gain (Poewe and Seppi, 2001). In addition, clozapine is

associated with the rare (0.38% according to Honigfeld

et al. 1998), but serious and potentially life-threatening

occurrence of agranulocytosis.

Olanzapine

Olanzapine has consistently failed to show anti-psychotic

efficacy in several randomized controlled trials (Breier

et al., 2002; Ondo et al., 2002a; Goetz et al., 2000), but

was associatedwith significantmotorworsening in all trials

(see Table 6.4).

Quetiapine

Four randomized controlled trials have assessed the effica-

cy of quetiapine to treat psychosis in PD (Ondo et al.,

2005a; Rabey et al., 2007; Morgante et al., 2004; Merims

et al., 2006). Two of these failed to show superiority of

quetiapine over placebo on the primary outcome measures

(see Table 6.4) (Ondo et al., 2005a; Rabey et al., 2007),

while the other two trials (Morgante et al., 2004; Merims

et al., 2006) found similar efficacy of quetiapine and

clozapine (see Table 6.4). In open-label trials, quetiapine

was generally associated with improvement in some 70 to

80% of patients (Poewe, 2003; Chou and Fernandez, 2006;

Fernandez et al., 2003) and some motor worsening was

reported at one point during prolonged treatment in up to

one third of patients (Fernandez et al., 2003). One study

compared efficacy and safety of quetiapine between par-

kinsonian patients with and without dementia and found

demented patients to have a higher propensity for worsen-

ing of motor symptoms (Reddy et al., 2002).

Other Anti-psychotics

Studies with risperidone to treat PD psychosis have gener-

ally been open-label with very small patient numbers and

one small double-blind study (Goetz et al., 2002; Ellis et al.,
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2000). Motor worsening has been reported in most of the

studies (Goetz et al., 2002) so that risperidone does not rank

as a first-line therapeutic option for psychosis in PD. Both

ziprasidone (Connemann and Schonfeldt-Lecuona, 2004;

Gomez-Esteban et al., 2005) and aripiprazole (Friedman

et al., 2006;Wickremaratchi, Morris and Ali, 2006) have

been studied in small-scale open-label trials including less

than 15 patients each. Overall, both agents were associated

with improvement in a majority of cases, but close to one

third also had some worsening of motor symptoms leading

to discontinuation in some. Further controlled trials are

needed to establish the usefulness of these agents in the

treatment of psychosis in PD.

Cholinesterase Inhibitors

More recently, several open-label studies have reported

anti-psychotic efficacy of rivastigmine (Reading, Luce and

McKeith, 2001; Bullock and Cameron, 2002), donepezil

(Fabbrini et al., 2002; Bergman and Lerner, 2002) or

galantamine (Aarsland, Hutchinson and Larsen, 2003) in

demented and non-demented PD patients. In addition, post

hoc analysis of a large placebo-controlled study of rivas-

tigmine in PD dementia showed improvement of hallucina-

tions on rivastigmine (Emre et al., 2004).

Pragmatic Management of Psychosis in PD

Identification and removal of aggravating or triggering

factors is paramount in the management of PD psychosis.

This includes control of medical conditions like infections,

dehydration, and electrolyte disturbances, or reductions of

polypharmacy with anti-parkinsonian and other centrally

active drugs like anti-muscarinic anti-depressants, anxioly-

tics, and sedatives (see Figure 6.3) (Poewe andSeppi, 2001).

In cases of new-onset confusion and delirium not readily

explained by any of these triggers or medication changes,

brain imaging should be used liberally to exclude new

structural brain pathology like sub-dural hematomas or

stroke. When reducing and simplifying anti-parkinsonian

combination therapy, drugs with high-risk benefit ratios

regarding cognitive side effects vs anti-parkinsonian effica-

cy should be tapered first, that is, anti-cholinergics, aman-

tadine, but alsoMAOB inhibitors before reducing dopamine

agonists and L-Dopa. Similarly, dopamine agonists, by

virtue of their greater potential to induce psychosis, should

be tapered before L-Dopa (Poewe, 2003).

Dose reductions of anti-parkinsonian drugs to a level that

will lead to a resolution of psychotic symptoms, while

maintaining sufficient symptomatic motor control is not

always feasible and start of anti-psychotic therapy becomes

necessary. Quetiapine, although not formally established as

efficacious in RCTs, should be a pragmatic first choice due

to its improved safety profile as compared to clozapine.

Treatment should startwith25--50mgat bedtime, increasing

to 200mg/d if needed. Clozapine is the only anti-psychotic

agent with proven efficacy based on RCTs and should be

used in all cases failing treatment with quetiapine, but can

also be considered as a first-line option, despite of onerous

weekly blood-count monitoring. It should be started with

6.25mg/d at bedtime and increased by the same amount

every other day until psychosis remits or adverse events

occur. Rivastigmine and donepezil may be another treat-

ment option for psychotic behavior, specifically in patients

with PD and dementia.

Medication-Related ImpulseDyscontrol andAbnormal
Repetitive Behaviors

A sub-group of patients with PD develop behavioral ab-

normalities in response to dopaminergic medication, which

include medication overuse, abnormal repetitive non-goal

oriented behaviors and reward or incentive-based compul-

sive actions. Collectively they are not uncommon and

can have major and sometimes devastating psychosocial

consequences.

Definition and Clinical Features

Impulse control disorders (ICDs) are characterized by a

failure to resist an impulse, drive or temptation to perform

an act that is harmful to the person or to others (Potenza,

Voon andWeintraub, 2007). In PD, such behaviors include

pathological gambling, hypersexuality, pathological shop-

ping and binge eating (Potenza,Voon andWeintraub, 2007;

Voon and Fox, 2007). Compulsive medication-overuse in

PD is the hallmark of what has been termed “dopamine

dysregulation syndrome” (DDS) or “hedonistic homeostat-

ic dysregulation” (Giovannoni et al., 2000). Affected pa-

tients increase their dopaminergic medication in excess of

the amount needed to control motor symptoms and inspite

of marked degrees of drug-induced dyskinesia. They often

perform drug hoarding, become severely irritated by at-

tempts to reduce their drug intake and showmarked neglect

of occupational and social responsibilities and relations.

“Punding” refers to purposeless, non-goal oriented re-

petitive behaviors, which are frequently related to a pa-

tient’s pre-morbid occupational habits or interests and

hobbies (Evans et al., 2004). Behaviors include sorting

objects or papers, dismantling devices like computers,

radios or household equipment, or hobbyism, occupy the

greater part of the day and may be continued through the

night leading to severly disordered sleep--wake regulation.
Risk factors for the development of impulse dyscontrol

and the other abnormal behaviors described above include

younger age at onset, a previous history of alcohol or

substance abuse and exposure to dopaminergic medication.

Impulse dyscontrol is mainly associated with dopamine
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agonists as a class, while dopamine dysregulation and

punding appear tomainly correlate with total dopaminergic

dose, implicating both L-Dopa and dopamine agonists.

Prevalence

The overall prevalence of ICDs, like pathological gam-

bling, hypersexuality and compulsive shopping, in PD

appears to be around 6%, according to recent surveys, with

point prevalences around 4% (Voon and Fox, 2007). For

patients treated with dopamine agonists, overall prevalence

figures for these behaviors have been as high as 13.7%

(Voon and Fox, 2007). The prevalence of the dopamine

dysregulation syndrome has been reported to be around 4%

in one study of patients in a tertiary referral centre

(Giovannoni et al., 2000), while punding was identified

in 1.5% of patients in a movement disorder clinic with

community-based referrals (Miyasaki et al., 2007).

Pathophysiology and Clinico-Pathological Correlations

The exact pathophysiology and brain regions involved in

these different behavioral abnormalities are only incom-

pletely understood. It is generally held that they are linked

to dysfunction of brain-reward systems and neuroanatomi-

cal structures involved may include dopamine projections

from the midbrain ventral tegmental area to the ventral

striatum as well as limbic and pre-frontal cortical areas

(Voon and Fox, 2007). One 11C-raclopide PET study in PD

patients with the dopamine dysregulation syndrome has

indeed shown increased release of dopamine in the ventral

striatum in response to L-dopa challenges (Evans et al.,

2006).

Management

Management of ICDs and other behavioral abnormalities in

PD is largely based on pragmatic recommendationswithout

firm evidence for efficacy from controlled clinical trials.

Based on few empirical data on treatment approaches for

ICDs in PD, the management of each patient must be

tailored according to the particular clinical setting (Potenza,

Voon and Weintraub, 2007).

A first step will often be to decrease the dopamine

agonist dosage with concomitant careful increase in L-

Dopa dosage as necessary to maintain motor control

(Potenza, Voon and Weintraub, 2007; Dodd et al., 2005;

Drapier et al., 2006; Evans et al., 2005). In subjects with

compulsive medication use, management comprises de-

creasing total dopaminergic dosage including external

controls of doses, keeping the lowest medication dose

required to overcome motor disabilities (Potenza, Voon

and Weintraub, 2007; Evans et al., 2005). There may need

to be a period of in-patient admission whilst tapering the

medication. Disabling dyskinesias and distressing OFF-

period depression and dysphoria in patients with compul-

sive medication use may respond to continuous dopami-

nergic stimulation via subcutaneous apomorphine infusion

(Evans et al., 2005; Katzenschlager et al., 2005).

If dose reduction of dopamine agonist or of total dopa-

minergic therapy to a level that will lead to resolution of

behavioral abnormalities is not possible, a trial of a SSRI or

of low-dose clozapine or quetiapine has to be considered

(Voon and Fox, 2007; Kessel, 2006; Kurlan, 2004;Voon,

Potenza and Thomsen, 2007). In addition, behavioral

therapy techniques may be useful (Voon, Potenza and

Thomsen, 2007). Ideally, specialized psychiatrists should

be included in themanagement of PD patients with ICDs or

other behavioral abnormalities. Functional neurosurgery

with subthalamic deep brain stimulation (DBS) may be

considered for well-selected patients refractory to the

above management recognizing that history of an ICD is

a potential risk factor for post-operative suicide attempts

and that intermittent worsening of ICDs may occur post-

operatively. Therefore, caution has to be applied in selec-

tion of patients and peri-operative management of a selec-

ted PD patient with an ICD (Voon, Potenza and Thomsen,

2007; Ardouin et al., 2006; Grimsby et al., 1997; Smeding

et al., 2007; Witjas et al., 2005).

AUTONOMIC DYSFUNCTION

Definition and Clinical Features

Orthostatic hypotension (OH), urogenital and bowel dys-

function are the commonest autonomic problems in PD.

Clinically, OH is defined as a decrease of at least

20mmHg in systolic or 10mmHg in diastolic blood pres-

sure or both within 3min in an upright position, without or

with postural symptoms (Lahrmann et al., 2006). Symp-

toms of OH in PD include blurred vision, postural insta-

bility, dizziness, lightheadedness, coat-hanger pain (pain in

the back of the neck and shoulders) and syncope (Pathak

and Senard, 2006). OH is one of the risk factors for falls in

PD (Michalowska et al., 2005;Martignoni, Tassorelli and

Nappi, 2006), which are among the most common reasons

for emergency hospital admissions in this illness (Woodford

andWalker, 2005). Although troublesome OH is thought to

complicate advanced disease, up to 14% of de novo PD

patients may have asymptomatic OH (Bonuccelli et al.,

2003) and, rarely, OH may precede the onset of motor

symptoms in bona fide PD (Kaufmann et al., 2004).

Urinary dysfunction is a common feature of advanced

PD and includes urinary frequency and urgency, incom-

plete bladder emptying, double micturition and urge incon-

tinence (Fowler and O’Malley, 2003; Winge and Fowler,

2006). Urodynamic studies in series of patients with PD

have found that the commonest urodynamic abnormality is

detrusor hyperreflexiawhile detrusor hypoactivity seems to
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be less prominent (Fowler and O’Malley, 2003;Winge and

Fowler, 2006).

Sexual dysfunction in male patients with PD includes

erectile (ED) and ejaculatory dysfunction (Basson, 2001;

Brown et al., 1990). ED typically affects men several years

after a diagnosis of PD has been established, and the risk

increases with advanced disease stage (Papatsoris et al.,

2006).

Constipation is another common autonomic symptom of

PD and has been reported prior to onset of overt motor

symptoms in about half of the patients in one series

(Korczyn, 1990). In severe cases it may cause intestinal

pseudo-obstruction and toxic mega-colon (Kaufmann and

Biaggioni, 2003). Constipation in healthy male individuals

has been associated with an increased risk to develop PD

(Abbott et al., 2001).

Prevalence

Retrospective chart reviews in a large series of 135 cases of

pathologically proven PD found evidence for symptomatic

OH in life in 30% of cases, bladder dysfunction in 32%, and

constipation in 36% (Magalhaes et al., 1995). Several

studies----most of them case control studies----have reported
even greater prevalences of up to 60% or approximately

twofold above the prevalence of OH, constipation or uro-

genital dysfunction in non-PD elderly controls (Hely et al.,

2005; Winge and Fowler, 2006; Papatsoris et al., 2006;

Kaufmann and Biaggioni, 2003; Allcock et al., 2004;Clara,

DeMacedo andPego, 2007; Edwards,Quigley andPfeiffer,

1992; Feldman et al., 1994; Hobson et al., 2003; Lemack

et al., 2000;Magerkurth, Schnitzer and Braune, 2005;

Sakakibara et al., 2001; Senard et al., 1997; Visser

et al., 2004).

Pathophysiology and Clinicopathological
Correlations

The pathophysiology and clinicopathological correlations

of dysautonomia in PD are not entirely understood. Lewy

body-type neurodegeneration in PD affects lower brain-

stem nuclei mediating autonomic functions such as the

dorsal vagal nucleus, the nucleus ambiguous, and other

medullary centers (rostral ventrolateral medulla, ventrome-

dialmedulla, and caudal raphe nuclei), as well as peripheral

sympathetic ganglia and efferents of the gastrointestinal

and cardiovascular systems (Braak et al., 2003; Forno,

1996; Braak et al., 2006b). The pontine micturition and

defecation centre, as well as the amygdala and the para-

ventricular hypothalamic nucleus, which are involved in

sexual function, may also be affected in PD (Braak et al.,

2003; Braak et al., 2006b; Braak et al., 1994;Wakabayashi

and Takahashi, 1997).

Principles of Management (see Table 6.5)

Management of autonomic failure in PD is largely based on

pragmatic recommendations without firm evidence for

efficacy from controlled clinical trials (Goetz et al.,

2002; Horstink et al., 2006).

Orthostatic Hypotension

Available Studies

Controlled-trial data on the treatment of OH in PD derive

mostly from studies performed in mixed populations of

patients with neurogenic hypotension. Two randomized

placebo-controlled trials of midodrine----a pro-drug with the
post-synaptic a1-adrenergic metabolite desglymidodrine----

have included patients with PD (Low et al., 1997; Jankovic

et al., 1993). Both showed efficacy of midodrine in improv-

ing orthostatic hypotension. Small open-label studies have

shown beneficial effects of etilefrine hydrochloride, dihy-

droergotamine and fludrocortisone on OH in patients with

PD (Goetz et al., 2002; Pathak and Senard, 2006). A recent

multi-center, placebo-controlled trial of L-Dihydroxyphenyl

Scrine (L-DOPS) to treat OH in patients with PD and

multiple system atrophy (MSA) only found a marginal

decrease in blood pressure fall during orthostatism without

any change inpostural symptoms (PathakandSenard,2006).

Pragmatic Management of Orthostatic Hypotension
in PD

If a PD patient presents with symptoms suggestive for OH,

OH should be confirmed on active standing test or passive

head-up tilt (60�) testing. The current drug regimen should

be reviewed for possible drug-induced OH. Before initiat-

ing adjunct treatment with anti-hypotensive agents, it is

usually worthwhile to try a variety of non-pharmacological

measures (see Table 6.5).

Fludrocortisone and midodrine are the two most com-

monly used agents to treat OH in PD. The full benefit of

fludrocortisone requires high dietary salt and adequate fluid

intake. The development or aggravation of supine hyper-

tension can complicate treatment with both drugs, such that

supine blood pressure tests, especially in the evening, are

recommended.

Bladder Dysfunction

Available Studies

Therapeutic trials to treat detrusor overactivity-related

urgency, frequency and urge incontinence have been

performed in non-PD patients with neurogenic bladder syn-

dromes and have shown efficacy of anti-cholinergics agents

like oxybutinin, tolterodine and trospium chloride (Goetz

et al., 2002; Winge and Fowler, 2006; Horstink et al., 2006).
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In one study, apomorphine and L-Dopa improved de-

trusor overactivity in PD (Aranda andCramer, 1993), while

results were inconsistent in another study in patients with

motor fluctuations (Fitzmaurice et al., 1985). Several re-

ports of the effect of subthalamic nucleus (STN) deep brain

stimulation on bladder function in patients with PD suggest

improvement of bladder capacity and increase of the vol-

ume at first desire to void (Herzog et al., 2006;Winge et al.,

2007). In a small open-label study, desmopressin, given

intranasaly, has shown reductions in the frequency of

nocturnal voids in five out of eight patients with PD and

nocturia (Suchowersky, Furtado and Rohs, 1995).

Table 6.5 Practical management of autonomic dysfunction in PD.

Orthostatic Hypotension:
* Non-pharmacological measures

T Sleeping in head-up position

T Fragmentation of meals

T Physical countermanoeuvres such as squatting, bending over forward or leg crossingwith tension of the thigh, bottom and

calf muscles (party position) at the onset of pre-syncopal symptoms

T Avoidance of low-sodium and carbohydrate rich meals

T Increased water (2--2.5 l/day) and salt intake (>8 g or 150 mmol/day)

T Elastic stockings

* Pharmacological treatment

T Fludrocortisone 0.1--0.4mg/d

T Midodrine 2.5--10mg/d

T Etilefrine 7.5--15mg/d

Neurogenic Bladder Symptoms (nocturia, urgency, frequency, urge incontinence):

Nocturnal polyuria:
* Reduced fluid intake or avoiding coffee in the evening
* Desmopressin Spray (10--40mcg/night)

Detrusor overactivity

* Check for bladder infections, antibiotic treatment if positive
* Add Anti-cholinergics

T Oxybutynine 5--15mg/d

T Tolterodine 2--4mg/d

T Trospiumchloride 20--40mg/d
*Clean intermittent self-catheterization if post-micturitional residual volume is increased in several measurements (>100ml)
* Long-term urethral catheter when neurogenic bladder symptoms become unmanageable

Erectile Dysfunction:
* Oral PDE-5 inhibitor

T 50mg Sildenafil (CAVE: OH)

T 10mg Vardenafil

T 20mg Tadalafil
* 3mg Apomorphine sub-lingual

Constipation:
* Stop anti-cholinergics
* Non-pharmacological measures

T Sufficient or additional fluid intake

T Use of stool softener

T Adequate fibre (e.g., bran, unprocessed foods and fibre additives)
* Pharmacological treatment

T Lactulose (20--60 g/d) and laxatives such as sodiumpicosulfate (5--10mg/d) or macrogol (13.125--39.375 g/d)
T Prokinetic agents such as domperidone (30--60mg/d), tegaserod (6--12mg/d) or mosapride (15--45mg/d)

T Botulinum toxin A injections into the puborectalis for muscle outlet-obstruction constipation

108 PARKINSON’S DISEASE AND PARKINSONISM



Novel approaches to manage neurogenic detrusor over-

activity include intravesical instillation of anti-cholinergic

agents, vanilloids, and botulinum toxin, and have shown

promising effects in non-parkinsonian patients (Sahai et al.,

2006).

Pragmatic Management of Bladder Dysfunction in PD

Obtaining a detailed history, including drug history, is a

prerequisite for planning further investigation and treatment

of urinary dysfunction in PD. The approach in PD is similar

to that for non-PD elderly patients with urinary dysfunction

and should excludeunderlying treatable causes, such as drug

side effects, infection, diabetes, gender-specific causes, such

as prostate or gynecological causes. In addition, measure-

ment of post-micturition residual volume and urodynamic

studies provide critical information.

If nocturia is themajor complaint, it may be improved by

reducing fluid intake or avoiding coffee in the evening.

Distressing nocturia which is refractory to these non-

pharmacological measures may respond to night-time

doses of intranasal desmopressin. This approach requires

electrolyte monitoring in blood and urine.

Based on findings in therapeutic trials in other types of

neurogenic bladder symptoms, anti-cholinergic agents

should be tried to treat detrusor hyperreflexia. While

oxybutinine and tolterodine may worsen cognitive dys-

function in PD, this is not the case for trospium chloride,

which may be preferable in PD dementia (Fowler and

O’Malley, 2003). Adverse effects of anti-cholinergic

agents include dry mouth, constipation and, possibly, uri-

nary retention that may complicate treatment. In the latter

instance, combination with clean intermittent self-

catheterization may become necessary. A long-term ure-

thral catheter may be required and restore a degree of

independence when urge incontinence and frequency are

unmanageable. If infections are frequent, a suprapubic

catheter is preferable to a urethral catheter for chronic use

(Fowler and O’Malley, 2003; Winge and Fowler, 2006).

Erectile Dysfunction

Available Studies

Sildenafil hasbeen found efficacious in several clinical trials

for the treatment of ED in patients with PD, including one

small randomized placebo-controlled study (Zesiewicz,

Helal and Hauser, 2000; Raffaele et al., 2002; Hussain

et al., 2001). The latter trial found a significant improvement

in the ability to achieve andmaintain an erection, as assessed

by the International Index of Erectile Function (IIEF), and

in quality of sex life on 50mg sildenafil in 12 patients with

PD (Hussain et al., 2001). Sildenafil was well tolerated;

minor transient adverse effects included headache and

flushing.

No data are available on the use of other phosphodiester-

ase-5 (PDE-5) inhibitors in patients with PD, but in non-

parkinsonian populations, efficacy and safety profiles of all

PDE-5 inhibitors seem to be similar (Briganti et al., 2005).

Cautioususe is advised inparkinsonianpatientswithOHand

PDE-5 inhibitors are contraindicated in patients on nitrate

medications forcoronaryheartdisease(Brigantietal., 2005).

Open-label reports have claimed efficacy of the dopa-

mine agonists pergolide and s.c. apomorphine for ED in

patients with PD (O’Sullivan and Hughes, 1998; Pohanka

et al., 2005), while randomized studies with sub-lingual

apomorphine have shown efficacy in non-parkinsonian

patients with ED.

Pragmatic Management of ED in PD

Management of ED in men with PD should first exclude

alternative underlying causes such as drug side effects,

depression, prostate disorders or diabetes. SSRIs and other

anti-depressants may interfere with sexual function on both

men and women (Taylor, 2006), and affected patients

should be switched to anti-depressant agents with lower

risks for sexual dysfunction such as reboxetine and bupro-

pion (Taylor, 2006), When drug treatment is indicated for

ED in men with PD, oral PDE-5 inhibitors (sildenafil,

tadalafil and vardenafil) should be considered (see Table

6.5) (Briganti et al., 2005). Sub-lingual apomorphine may

represent an alternative, but has been less effective in

studies in non-parkinsonian populations (Porst et al.,

2007). Second-line options include vacuum devices, in-

traurethral, and intracavernosal administration of vasoac-

tive drugs alone, or combined with a PDE-5 inhibitor.

Penile prosthesis implantation can be considered as a last

resort (Kendirci et al., 2006).

Generally, treatment of ED should follow the model of

proceeding from the least to most invasive procedure

(process of care), taking into account patient and partner

satisfaction (Kendirci et al., 2006).

Constipation

Available Studies

Different pro-kinetic agents including cisapride (which has

beenwithdrawn from themarket in several countriesworld-

wide due to the risk of fatal arrhythmia), tegaserod and

mosapride have been reported as beneficial in small-scale

trials in PD (Liu et al., 2005; Morgan and Sethi, 2007; Jost

and Schimrigk, 1993). The only double-blind, placebo-

controlled trial found a trend for improvement of constipa-

tionmeasures with tegaserod over a four week period, in 15

patients with PD (Sullivan et al., 2006). Open-label trials

with macrogol, a polyethylene glycol electrolyte solution

working on an osmotic basis, and dietary herb extracts have

also reported improvement of constipation in small PD
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cohorts (Eichhorn and Oertel, 2001; Sakakibara et al.,

2005). Botulinum toxin A injections into the puborectalis

muscle have been efficacious for outlet-obstruction consti-

pation in PD (Albanese et al., 2003; Maria et al., 2000).

Pragmatic Management of Constipation in PD

Sufficient fluid intake and the use of stool softener are

simple ways to help maintain soft bowel movements.

Adequate fibre (e.g., bran, unprocessed foods and fibre

additives) intake is important to keep bowel movements of

sufficient calibre and consistency to be propelled through

the intestinal tract (Maria et al., 2000; Lembo andCamilleri,

2003). Treatment of constipation in PD should also include

increased exercise. In general, patients should be receiving

sufficient dopamine-substitution for optimal control of mo-

tor symptoms, since difficulties with defecation may be

worsened during OFF periods (Witjas et al., 2002).

Drug treatment should start with lactulose and laxatives

such as sodium picosulfate, bisacodyl or macrogol, fol-

lowed by pro-kinetic agents such as domperidone, tegaser-

od or mosapride, if needed.

In cases of outlet-obstruction constipation, botulinum

toxin injections into the puborectalis muscle can be tried,

but this requires some expertise regarding correct targeting

of the injection. Fecal incontinence may represent a poten-

tially troublesome side effect of such a strategy.

DISORDERSOF SLEEPANDWAKEFULNESS

Clinical Manifestations

Sleep disorders are among the most frequent non-motor

problems of PD (Tandberg, Larsen and Karlsen, 1998).

They include insomnia, with difficulties falling asleep,

frequent awakenings and overall reduced sleep efficiency,

as well as excessive daytime sleepiness. Sleep problems in

PD are due to a multitude of factors, including primary

dysfunction of sleep--wake-cycle regulation, Rapid Eye

Movement (REM) Sleep Behavior Disorder (RBD) and

secondary effects of parkinsonian motor and non-motor

symptoms on sleep onset and maintenance. In addition PD

medications, as well as the impact of co-morbid conditions

like RLS/PLMS or sleep disordered breathing, may affect

sleep and wakefulness. (see Table 6.6) (Boeve et al., 2007).

Prevalence

Sleep problems are almost universal in PD, but prevalence

data differwidely between studies depending on definitions

and types of assessment used. Lees and colleagues, using a

mailed questionnaire, found some type of sleep disturbance

in more than 90% of cases, while Tandberg et al. reported a

somewhat lower figure of 67% in a community-based study

(Tandberg, Larsen and Karlsen, 1998; Lees, Blackburn and

Campbell, 1988). RBD and excessive daytime somnolence

can affect up to 50% of patients with PD (Comella, 2003;

Gagnon et al., 2002; Hobson et al., 2002). Several studies

have also reported increased prevalence rates of RLS af-

fecting around 20% of individuals with PD (Ondo, Vuong

and Jankovic, 2002b) and others have found sleep disor-

dered breathing in 20%of their patients (Arnulf et al., 2002).

Clinicopathological Correlations

Disturbances of sleep architecture found in PD include

sleep fragmentation, reduced sleep efficiency, reduced

slow-wave sleep, reduced REM sleep, and RBD. The

mechanisms underlying these are only partially understood,

but are likely related to brainstem Lewy-body degenera-

tion. Of those disturbances of sleep architecture described

in PD patients, RBD may be the most closely related to

Lewy body neurodegeneration in lower brainstem nuclei

(Boeve et al., 2007; Boeve et al., 1998).

Principles of Management

Due to themultiple causative factors involved, treatment of

PD-related sleep problems and daytime somnolence is

usually complex. Careful history taking----often including

Table 6.6 Disturbances of sleep and wakefulness
in PD.

Primary sleep--wake dysregulation
* altered sleep microstructure
* sleep fragmentation
* REM Sleep Behavior Disorder (RBD)
* excessive daytime sleepiness (“narcoleptic

phenotype”)

Secondary effects of PD symptoms
* nocturnal akinesia, tremor and rigidity
* nocturnal off-period dystonia and pain
* nocturia and incontinence
* nighttime confusion and hallucinosis
* depression

Effects of PD medications
* medication-induced insomnia (L-dopa, DA-Agonists,

Selegiline)
* medication induced daytime sleepiness (L-dopa,

DA-Agonists)
* drug-induced delirium

Effects of co-morbid conditions
* sleep-disordered breathing
* RLS/PLMS
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information from a spouse or caregiver----is essential, to

identify the most likely and relevant underlying causes.

Treatment options include optimizing PD therapies to im-

prove nocturnal symptom control or reduce daytime som-

nolence, treatment of non-motor symptoms, like nocturia or

mental dysfunction, counseling about sleep hygiene, as well

as the addition of drugs promoting sleep or wakefulness. In

most instances therapeutic decisions are pragmatic without

formal evidence from controlled clinical trials.

REM Sleep Behavior Disorder (RBD)

RBD is a parasomnia characterized by lack of atonia during

REM sleep, resulting in dream-enacting behaviors, occa-

sionally associated with violent motor activity (Mahowald,

Schenck and Bornemann, 2007). Symptomatic RBD has

been found in one-third of patients in polysomnographic

studies (Hobson et al., 2002) and several reports have

drawn attention to the fact that idiopathicRBDmayprecede

the onset of PD, MSA or dementia with Lewy bodies by

years (Olson, Boeve and Silber, 2000; Iranzo et al., 2006;

Schenck, Bundlie andMahowald, 1996). RBD is frequently

associated with sleep related injuries (either self injuries or

injuries of bed partners) and can contribute to poor sleep

quality and daytime somnolence in PD.

Available Studies

There are no controlled trials of anymedication used to treat

RBD. Clonazepam has been found to completely sup-

press dream-enacting behaviors in several open-label case

series, where responder rates have been as high as 90%

(Ozekmekci, Apaydin and Kilic, 2005; Schenck et al.,

1987; Schenck and Mahowald, 1996). Treatment with the

dopamine agonist pramipexole was described as beneficial

in two small studies (Fantini et al., 2003;Schmidt, Koshal

and Schmidt, 2006), but was found ineffective in another

report (Iranzo et al., 2005). There is also a single anecdotal

report of beneficial effects of L-dopa in three patients with

PD and RBD (Tan, Salgado and Fahn, 1996). Melatonin,

either as the sole agent or in combination with clonazepam,

has consistently been reported as beneficial for observation

periods of up to two years in three open-label studies

involving between 6 and 25 patients with RBD occurring

in the context of PD, DLB, MSA and a variety of other

conditions (Boeve, Silber andFerman, 2003;Kunz andBes,

1999; Takeuchi et al., 2001).

Pragmatic Management of RBD in PD

Before initiating pharmacotherapy for RBD, potential ag-

gravators should be identified and, if possible, removed. In

PD the most common of these are TCAs and SSRIs

(Mahowald, Schenck andBornemann, 2007). Clonazepam,

given as a single dose of 0.5 to 1.0mg about two hours

before bed-time is considered first-line treatment for RBD

in PD. It is generally effective in some 90% of cases,

suppressing abnormal motor activity and injurious behav-

ior, as well as nightmares, often within a few days. There is

little concern about tolerance or loss of effect over time and

most patients can stay on the drug long-term.

Melatonin at doses between 3 and 12mg at night may

also be effective and can be considered a second-line option

in patients inwhomclonazepam is found poorly tolerated or

ineffective. Third-line options may include additional bed-

time doses of L-dopa or non-ergot dopamine agonists.

Sleep Fragmentation and Insomnia

Available Studies

There is a paucity of trials specifically assessing the effect

of anti-parkinsonian therapies on sleep quality and noctur-

nal disability in PD. The U.K. Madopar CR study group

(1989) performed a double-blind crossover study of bed-

time doses of either standard or controlled-release madopar

in 103 patients with PD and a variety of nocturnal and early

morning motor disabilities. Nocturnal or early morning

disability scores did not differ between the two treatment

periods (The U.K. Madopar CR Study Group, 1989).

Chauduri and colleagues (Chaudhuri et al., 2001) found

bedtime doses of the long-acting ergot agonist cabergoline

superior to slow-release Levodopa in patients with noctur-

nal akinesia and painful dystonia. On the other hand,

Comella and colleagues failed to detect beneficial effects

of pergolide 1mg at night-time on sleep fragmentation and

sleep efficiency in a small placebo-controlled actigraphic

study in 22 patients (Comella, Morrissey and Janko, 2005).

Likewise, when Hoegl and colleagues compared polysom-

nographic variables of total sleep time and sleep efficiency

before and after adding cabergoline, there was no signifi-

cant difference, although patients scored their sleep quality

as subjectively improved (Hogl et al., 2003).

Recent controlled trials of the transdermal DA agonist

rotigotine in patients with fluctuating PD have included PD

specific sleep scales and reported improvement on the

Parkinson’s Disease Sleep Scale (PDSS) which were lar-

gely related to the motor benefit derived from the drug, and

were similar to those seenwith the oral agonist pramipexole

(Poewe et al., 2007).

No studies have formally assessed the efficacy of COMT

inhibitors, MAOB inhibitors, amantadine or anti-

cholinergics on sleep function and nocturnal disability in PD.

Deep Brain Stimulation (DBS) of the subthalamic nu-

cleus (STN) has been found to improve total sleep time in a

cohort of 89 patients followed for six months, with persis-

tent effects in those followed further, for up to two years

(Lyons and Pahwa, 2006). Self-reported sleep problems

and early-morning dystonia were also improved, and
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improvements in total sleep time correlated with improve-

ments in bradykinesia.

A single double-blind placebo controlled cross-over

study has reported modest but statistically significant ben-

eficial effects of 50mg of melatonin on total sleep time in

40 PD patients, as well as subjective improvements on

several items of the General Sleep Disturbance Scale

(GSDS) (Dowling et al., 2005).

A small open-label study found improvement on the

Pittsburgh Sleep Quality Index (PSQI) following bedtime

doses of the atypical anti-psychotic quetiapine in non-

psychotic PD patients with insomnia (Juri et al., 2005).

Pragmatic Management of Sleep Fragmentation
and Insomnia

Management of sleep fragmentation and insomnia in PD

has to target the main underlyingmechanisms, which differ

from patient to patient (see Figure 6.4). A first step should

always be a careful review of the patient’s drug history,

with an aim to identify drug-induced insomnia, which can

occur following the introduction or dose increase of dopa-

mine agonists or, rarely, even of L-dopa.

If, on the other hand, difficulties falling asleep or sleep

fragmentation are due to nocturnal akinesia, painful OFF-

period dystonic foot cramps or nocturnal tremor episodes,

bedtime doses of long-acting dopamine agonists may

improve sleep. Because of a risk of inducing cardiac

vavulopathy associated with cabergoline and pergolide,

non-ergot drugs like ropinirole, pramipexole or transder-

mal rotigotine will be the preferred choices. Slow-release

L-dopa preparations given at bedtime usually do not

provide sufficient duration of action to prevent problems

in the second half of the night. Exceptional cases with

prolonged and severe nocturnal OFF-periods may require

more invasive drug-delivery approaches like jejunal in-

fusions of L-dopa or s.c. infusions of apomorphine (see

also Chapter 4).

When difficulties falling asleep or sleep fragmentation

are mainly caused by co-morbid RLS/PLMS, bedtime

doses of ropinirol (2--4mg) or pramipexole (0.125--0.5mg)

may be sufficient. The addition of a once daily patch of

rotigotine (2--6mg), when given two hours before bedtime,

will also improve RLS/PLMS, with an additional effect on

parkinsonism throughout a 24 hour cycle, if that is needed.

Clonazepam (0.5mg at bed-time) is the treatment of choice

in cases of RBD-related sleep fragmentation, and atypical

neuroleptics or cholinesterase inhibitorsmay improve sleep in

patients with nocturnal episodes of confusion or hallucinosis

(see above sections on dementia and psychosis).

Sleep disruption due to urinary urge and incontinence

should be treated according to the principles outlined

above for neurogenic bladder disturbances, and suspicion

of co-morbid sleep disordered breathing requires poly-

somnographic verification to decide on a need for con-

tinuous positive airway pressure (CPAP) therapy.

Daytime Sleepiness and Sudden Onset Sleep

Excessive daytime sleepiness (EDS) has been found in up

to 50% of non-demented, fully functioning PD patients

(Hobson et al., 2002). Sudden-onset sleep (SOS) episodes

were reported by 4 to 6% of subjects in two large

questionnaire-based surveys (Hobson et al., 2002; Paus

et al., 2003). Dopaminergic drugs can exacerbate sleepi-

ness in PD, but potential causes are many and include co-

morbid primary sleep disorders, like sleep apnea or RBD,

sleep fragmentation and insomnia caused by PD itself (see

above), as well as risk factors like older age, cognitive

impairment and orthostatic hypotension (Rye, 2006).

Available Studies

Following the original alert by Frucht and colleagues about

dopamine agonist-induced episodes of irresistible sleep in

patients taking pramipexole or ropinirole (Frucht et al.,

1999), a number of studies have confirmed that EDS and

SOS in PD are related to dopaminergic therapy and can be

caused both by L-dopa and, more commonly, by DA-

agonists (Paus et al., 2003; Hobson et al., 2002; Brodsky

et al., 2003). Findings have consistently included signifi-

cant correlations between total dopaminergic drug dose and

Epworth Sleepiness Scale (ESS) scores, as well as preva-

lence of EDS and SOS (Rye, 2006; Arnulf, 2005). One

study assessed relative frequencies of SOS with different

types of dopaminergic treatments and foundESS in 2.9%of

those on L-dopa monotherapy as compared to 5.3% on

dopamine agonist monotherapy vs 7.3% on combined

treatments with L-Dopa and dopamine agonists (Paus

et al., 2003). In summary, studies on EDS and SOS in PD

have failed to detect significant differences between pa-

tients on ergot dopamine agonists as compared to non-ergot

dopamine agonists (Paus et al., 2003; Brodsky et al., 2003;

Hobson et al., 2002).

Few studies have assessed the efficacy of wake-

promoting agents to treat EDS in PD. Following an initial

open-label study of modafinil (maximum of 400mg/d,

average 172mg/d), showing clear benefit on the ESS in

10 patients (Nieves and Lang, 2002), three randomized,

placebo-controlled trials (two cross-over and one parallel

group study including a total of 15, 21 and 40 patients,

respectively) have tested this approach to reduce daytime

sleepiness (Adler et al., 2003; Hogl et al., 2002; Ondo et al.,

2005b). Overall, at doses of modafinil of around 200mg/d,

there were modest, but significant, positive effects in the

two cross-over trials on the ESS, but not on the Mainte-

nance of Wakefulness Test (MWT), while the larger paral-

lel group study failed to detect significant differences vs
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placebo on the ESS or the MSLT (Adler et al., 2003; Hogl

et al., 2002; Ondo et al., 2005b).

Pragmatic Management

As for the treatment of sleep fragmentation and insomnia,

managing PD patients with daytime sleepiness and SOS

requires careful assessment of causative factors, including

drug history, co-morbid conditions affecting sleep--wake
regulation and PD-related contributors to reduced wake-

fulness (see Figure 6.5). New-onset EDS or SOS, following

changes in dopaminergic drug type and dose should raise a

suspicion of drug-induced EDS leading to trials of dose

reduction or other medication change. If that is not feasible,

the addition of a wake-promoting drug like modafinil

should be considered. If EDS appears to be caused by

insomnia due to PD or co-morbid conditions like sleep

apnea, RLS or depression these should be treated accord-

ingly (see algorithm Figures 6.1 and 6.4). Often times,

treating EDS in PD will involve combinations of these

measures.
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INTRODUCTION

Over the last two decades surgical therapies have estab-

lished a firm place in the treatment of movement dis-

orders. The recent progress in functional neurosurgery

probably marks the second most important therapeutic

advance in Parkinson’s disease (PD) after the introduc-

tion of levodopa. Deep brain stimulation of the subtha-

lamic nucleus (STN-DBS) is now considered an

evidence-based, routine therapy for patients with severe

tremor or motor complications of long-term levodopa

therapy. A recent controlled trial confirmed the superior-

ity of this surgical therapy over best medical treatment

alone in improving quality of life of patients with ad-

vanced Parkinson’s disease. Optimal “palliative” care is

the best we can currently provide to patients with PD in

the absence of effective disease-modifying strategies.

This conceptual change has prompted a re-evaluation of

different symptomatic treatments in PD within the multi-

dimensional physical-psychosocial framework of disabil-

ity and health-related quality of life. As a result, the role

of surgery within the treatment algorithm of PD may even

need to be redefined in the near future, because the goal

of maintaining quality of life and preventing the psycho-

social decline associated with PD may be better achieved

in younger patients operated on at an earlier stage of

disease.

Not every patient suffering from parkinsonism is a good

candidate for surgery. In fact, the majority of patients are

not, and inappropriate neurological patient selection is the

most common reason for failed deep brain stimulation,

besides poor surgical lead placement or inadequate pro-

gramming (Okun et al., 2005). Therefore, the discussion of

predictive factors and patient selection criteria will be a

special emphasis of this chapter, after summarizing the

historical evolution of surgical therapies for PD and evalu-

ating their clinical efficacy and safety.

HISTORICAL ASPECTS

Functional neurosurgery for Parkinson’s disease has a long

history dating back to the late nineteenth century. Before

the basal ganglia became recognized as a target for the

surgical treatment of movement disorders, various opera-

tions on the peripheral and central nervous system were

performed. In general, only the positive symptoms of

Parkinson’s disease, tremor and rigidity, were considered

to be treatable by surgery at that time, not akinesia, as a

“negative symptom” resulting from loss of function. Le-

sions in the sensory system including posterior rhizotomy,

cordotomy and sympathetic ramisectomy improved

rigidity somewhat, but were unsuccessful in treating

Parkinsonian tremor and therefore rapidly abandoned.

Other procedures directly targeted the motor system, in-

volving excisions of the motor and pre-motor cortex or

sectioning of the pyramidal tract at the level of the internal

capsule, cerebral peduncle or spinal cord. Tremor could be

successfully reduced by these interventions, but at the cost

of a variable degree of paralysis, which was soon consid-

ered unacceptable.

Basal ganglia surgery was pioneered by Russel Meyers,

who performed open resections of the head of the caudate

and lesions within the putamen, ansa lenticularis or palli-

dum in a series of 58 patients with various movement

disorders, including parkinsonism, choreoathetosis, hemi-

ballism and dystonia, between 1939 and 1949 (Meyers,

1951; Meyers, 1968). His first patient was a 26-year-old

woman suffering from Parkinsonian tremor. After unsuc-

cessfully undercutting the pre-motor cortex, Meyers extir-

pated the head of the caudate via a transventricular

approach. Post-operatively, the tremor had disappeared and

the patient did not suffer from a hemiparesis. In his sub-

sequent series, improvement was noted in approximately

60% of the patients, but the operative mortality and

morbidity was high with this and other open approaches.
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In 1952 Irving Cooper accidentally ligated the anterior

choroidal artery while carrying out a pedunculotomy to

treat tremor in a patient with Parkinson’s disease. The

tremor was much improved after surgery, which Cooper

considered the result of an ischemic lesion of the palli-

dum. He used the technique in a series of Parkinsonian

patients, but the mortality was 13% (Cooper, 1954), and

he subsequently turned to chemopallidotomy by injecting

alcohol into the pallidum (Cooper, 1961).

Lesional neurosurgery for movement disorders was rev-

olutionized by the introduction of a stereotactic head frame

for use in humans by Spiegel and colleagues in 1947

(Spiegel et al., 1947). Stereotaxis allowed the targeting of

deep brain areas on the basis of a three-dimensional coor-

dinate system defined by internal landmarks, which were

visible on plain X-ray or pneumencephalography, such as

the pineal calcification or the foramen of Monro. By use

of the stereotactic technique, more precise and confined

lesions could be placed using chemical injections, implan-

tation of radioactive isotopes or ultimately electrocoagula-

tion, which markedly reduced the morbidity associated

with any free-hand approach. During the subsequent years,

stereotactic neurosurgery flourished. Several groups

around the world developed their own frame systems

stimulated by the work of Spiegel and Wycis, human brain

atlases were published providing the stereotactic coordi-

nates of basal ganglia and thalamic nuclei and imaging was

improved by replacing pneumencephalography with posi-

tive contrast ventriculography.

In the 1950s the first pathophysiological models of

Parkinsomism emerged. The pallidum was thought to be

directly involved in the generation of rigidity, but tremor

was explained as a result of a disturbance in the postural

mechanism of the cerebellum and brainstem (Levy, 1967).

Hassler pioneered thalamotomy (Hassler and Riechert,

1954) and subsequently reported that the procedure was

more effective than pallidotomy in the treatment of tremor,

which convinced neurosurgeons of his time to gradually

replace pallidal by thalamic surgery. An important report of

Svennilson and colleagues (Svennilson et al., 1960) was

published almost unnoticed. The authors had varied the

pallidal lesion location and reported a better efficacy on

rigidity, tremor, but most notably also on the speed, range

and accuracy of contralateral movements with more pos-

teriorly placed pallidotomies. The introduction of levodopa

therapy (Birkmayer and Hornykiewicz, 1961; Cotzias, Van

Woert and Schiffer, 1967) then rapidly brought surgical

therapies for Parkinson’s disease to a halt, except for few

cases with intractable tremors.

Surgery for Parkinson’s disease made a return in the

early 1990s, when it became apparent that medical therapy

was associated with intractable long-term complications,

such as motor fluctuations and dyskinesia. In addition, a

better understanding of the pathophysiology in Parkinson’s

disease had derived from studies in the MPTP-primate

model (Albin, Young and Penney, 1995; Delong, 1990b).

Most importantly, akinesia was now no longer considered a

“negative symptom” as a direct consequence of neurode-

generationwithin the basal ganglia, but rather as the result of

neuronal overactivitywithin the internal globus pallidus and

subthalamic nucleus. This allowed a testable hypothesis on

the effect of lesions within the basal ganglia circuitry. The

seminal work on the beneficial effect of lesioning the

subthalamic nucleus in the MPTP monkey (Bergmann,

Wichmann and Delong, 1990) was published around the

same time that Laitinen and colleagues reported on a series

of patients with Parkinson’s disease treated by posteroven-

tral pallidotomy (Laitinen, Bergenheim and Hariz, 1992)

(refer to Figure 7.1). They found marked improvements in

all cardinal symptoms of Parkinson’s disease and levodopa-

induced dyskinesias with a procedure that was thought to

interrupt the excessive inhibitory output from the sensori-

motor pallidum to the ventrolateral thalamus. The procedure

was rapidly adopted by other groups in Europe, USA and

Canada, because it was felt to be safer than subthalamic

lesioning, which could cause hemiballism or hemichorea. In

1996 an initial survey among 28 centers practicing pallidot-

omy in North America reported on 1015 patients (Favre

et al., 1996), but it was estimated that at least twice as many

centers were active in the USA and Canada, which under-

lines the rapid renaissance of pallidal surgery. A novelty in

contemporary surgery for movement disorders was the

strong involvement of neurologists in patient selection,

post-operativemanagement and often intraoperative assess-

ment of clinical symptoms. This also provided more objec-

tive reports on the outcome after surgery, according to the

same rigid criteria that were used to evaluate medical

therapies for Parkinson’s disease.

High-frequency deep brain stimulation (DBS) as an

alternative to ablative stereotaxy, was first introduced for

the treatment of movement disorders in the 1970s

(Mundinger, 1977; Mundinger and Neumuller, 1982), but

had not been routinely used until the pioneering work of

Alim-Louis Benabid in Grenoble and Jean Siegfried in

Z€urich became public in the early 1990s (Benabid et al.,

1991; Siegfried and Lippitz, 1994b). Encouraged by the

efficacy and safety of thalamic DBS for tremor, and

previous animal experiments (Benazzouz et al., 1993),

Benabid soon extended the technique to the subthalamic

nucleus. The first patient was implanted in Grenoble in

February 1993 and post-operatively demonstrated a re-

markable reduction of all Parkinsonian symptoms, includ-

ing akinesia, but without any hyperkinetic adverse effects

(Pollak et al., 1993). The publication of the first series of

STN-DBS in Lancet triggered a worldwide interest in this

novel approach (Limousin et al., 1995). The therapy was

approved by the European Commision in 1998 and by the

US Food and Drug administration in 2002, for treating
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advanced stages of Parkinson’s disease. DBS has rapidly

replaced ablative neurosurgery for Parkinson’s disease

during the past decade. It is currently by far the most

frequent surgery for movement disorders with an estimated

40 000 patients treated worldwide.

PATHOPHYSIOLOGICAL MODELS
OF PARKINSON’S DISEASE AND THE
“PARADOX” OF BASAL GANGLIA
SURGERY

Contemporary stereotactic neurosurgery for Parkinson’s

disease was built on advances in the understanding of PD

pathophysiology, which derived from anatomical studies

on the connectivity of the basal ganglia, and physiological

recordings in the MPTP-primate model of parkinsonism.

The popular models forwarded by Albin and colleagues

(Albin, Young and Penney, 1995) and Delong (Delong,

1990) view the basal ganglia as part of several parallel

negative-feedback loops linking them to specific thalamic

nuclei and frontal cortical areas. These circuits within the

basal ganglia thalamocortical system subserve motor,

limbic, associative and cognitive functions. The motor

territories are segregated from the other functional areas

within each basal ganglia nucleus and lie, for example,

within the posterolateral segment of the internal pallidum

(GPi) and the dorsolateral portion of the subthalamic

nucleus. Ablative therapies were developed from the

observation that neuronal activity is abnormally increased

in the subthalamic nucleus (STN) andGPi in animalmodels

of Parkinson’s disease. Lesioning or high-frequency stim-

ulation to reduce the outflow from these overactive

areas reversed symptoms of MPTP-induced parkinsonism

(Bergmann, Wichmann and Delong, 1990; Benazzouz

et al., 1993). Excitatory afferents from STN are driving

GPi neurons to be overactive, according to the rate model

(Delong, 1990b), which in turn provide excessive inhibi-

tory outflow to the ventrolateral thalamus and motor

cortical projection areas.

As predicted by the primate model, pallidotomy can

restore a normal level of activity in the thalamocortical

motor pathways of Parkinsonian patients, by decreasing the

abnormal inhibitory output of the GPi. This was demon-

strated by positron emission tomography (PET) studies

after pallidotomy, which showed increased regional cere-

bral blood flow (rCBF) and metabolism in the ipsilateral

supplementarymotor area (SMA) and dorsolateral prefron-

tal cortex (DLPFC). These changes in cerebral blood flow

were associated with improvements in motor functions

(Samuel et al., 1997; Eidelberg et al., 1996; Ceballos-

Baumann et al., 1994). Similar reversible changes of rCBF

in theSMAandDLPFCweredescribed after high-frequency

stimulation of the internal pallidum (Davis et al., 1997) or

subthalamic nucleus (Ceballos Baumann et al., 1999).

While these observations may explain the alleviation of

akinesia, they provide little insight into the mechanisms by

which tremor, rigidity or dyskinesias might be improved.

Figure 7.1 Pallidotomy lesion on magnetic resonance imaging.
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The simple “rate model” of abnormal neuronal activity in

Parkinson’s disease would predict reduced pallidal dis-

charge rates in hyperkinetic states, and thus a further

worsening with pallidal lesioning or DBS (Marsden and

Obeso, 1994). Clinically, however, the most consistent

effect of pallidal surgery is a marked reduction of contra-

lateral hyperkinesias. Moreover, thalamotomy improves

tremor and rigidity if pallidal receiving areas are included

in the lesion, but does not aggravate akinesia as predicted by

the rate model. These contradictions between clinical

reality and predictions of the classical rate model of par-

kinsonism have been described as the “paradox of basal

ganglia surgery” by Marsden and Obeso (Marsden and

Obeso, 1994).

More recently, it has therefore been suggested that

pallidal or subthalamic nucleus surgery, in more general

terms, are effective by removing the disturbing influence of

a “noisy” basal ganglia operator onto thalamocortical

motor areas (Marsden and Obeso, 1994; Hammond,

Bergman and Brown, 2007). “Noisy” or unphysiological

basal ganglia activity could not only result from changes in

discharge rate, but also from abnormal patterning, oscilla-

tion or synchronization of neuronal firing (Hammond,

Bergman and Brown, 2007). Furthermore, descending

projections from the basal ganglia to the brainstem nuclei

and spinal cord are often neglected and may also play an

important role in the pathophysiology of rigidity, postural

instability and gait disorders in Parkinson’s disease

(Pahapill and Lozano, 2000; Nandi et al., 2002a; Nandi

et al., 2002b; Delwaide et al., 2000; Potter et al., 2004).

LESIONAL STEREOTAXY

Lesion surgery, despite the undoutable success, has fallen

out of favor with the advent of deep brain stimulation in

most medical centers. The most eminent problem lies in

adapting the lesion size to the volume and shape of the

target structure using thermocoagulation. Larger lesions

are oftenmore effective, but have a greater risk of extending

into adjacent structures, thus causing permanent neurolo-

gical deficits. Multiple small lesions may be better shaped

to the target, but with smaller lesions symptoms may recur

over time and repeated surgery may be required. On the

other hand, deep brain stimulationmay be associated with a

considerable proportion of hardware-associated problems,

such as device infection, lead fracture, IPG (internal pulse

generator) failure, skin erosions, pain and repeated battery

replacements, which according to series from experienced

centers lies somewhere around 15--25% in the long term

(Seijo et al., 2007; Hamani and Lozano, 2006; Blomstedt

and Hariz, 2005; Lyons et al., 2004; Oh et al., 2002).

Moreover, deep brain stimulation is not accessible in all

countries, due to political sanctions or cost issues. Few

studies have directly compared ablative stereotaxy and

neuromodulation; in a double-blind randomized study

Schuurman et al. demonstrated, after two years of fol-

low-up, that thalamotomy and thalamic stimulation were

equally effective in suppressing parkinsonian and other

tremors, but that functional outcome according to the

Frenchay activity index was significantly better in the

DBS group (Schuurman et al., 2000a; Schuurman, Bosch

and Speelman, 2001). The authors related this difference to

permanent mild neurological sequelae of thalamotomy,

such as impairment of fine motor skills due to lesions

encroaching upon the internal capsule. Another small study

showed no difference between pallidotomy and pallidal

stimulation for Parkinson’s disease (Merello et al., 1999).

In summary, the current evidence is too scarce to entirely

abandon lesional surgery and research in this field should

continue (Okun and Vitek, 2004). Ablative neurosurgery

may return to the stage with advances in lesioning techni-

ques, that could overcome the current limitations of radio-

frequency lesioning, such as fiber-sparing neurotoxins

or immunological methods to selectively inactivate certain

cell types.

Thalamotomy

In the thalamus, the ventrointermediate nucleus (VIM) is

the primary target for the relief of Parkinsonian tremor.

VIM-thalamotomy is highly effective with a success rate of

over 85%, defined as complete or nearly complete suppres-

sion of contralateral tremor. If the lesions are extended

anteriorly to include the pallidal receiving areas of the

thalamus, rigidity and levodopa-induced dyskinesias also

improve, but akinesia remains unchanged. The most fre-

quent adverse effects include dysarthria and worsening of

gait and balance. Bilateral procedures are not recom-

mended, due to the high incidence of severe speech pro-

blems and cognitive deficits.

Pallidotomy

Two prospective, single-blinded studies have compared

pallidotomy to best medical treatment. Vitek and collea-

gues (Vitek et al., 2003) randomized a total of 36 patients to

either immediate surgery or optimal drug therapy for a

period of six months. With the total Unified Parkinson’s

Disease Rating Scale (UPDRS) score as the primary out-

come, they demonstrated that pallidotomy induced a 32%

improvement, compared to a 5% decline in the control

group. Baseline to six-month differences were statistically

significant for the surgery group (mean baseline: 80.4 vs.

54.9; P < 0.0001), but not for the group receiving medical

management (mean baseline: 76.8 vs 76.6). Dyskinesias,

measured objectively, and motor fluctuations, assessed by

the UPDRS, significantly improved only in the surgery

group. A total of 20 patients were followed for two years to
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assess the effect of time on clinical outcome. These

patients had sustained improvement in the total UPDRS

(p < 0.0001), “off” motor (p< 0.0001) and complications of

therapy sub-scores (p < 0.0001).
A Dutch multi-center trial (De Bie et al., 1999) with 37

patients found a reduction of the UPDRS motor score by

31% in the surgical arm at six months, whereas the medical

group worsened by 7.6%. On-phase dyskinesias improved

50% in pallidotomy patients, compared with no change in

controls.

From these studies and an estimated several hundred

cases of pallidotomies reported in open-label trials over the

past two decades, themost reliable effect of the procedure is

a marked reduction or complete suppression of contralat-

eral levodopa-induced dyskinesias. The amount of im-

provement of contralateral motor symptoms differs

between studies, but is around 30% in most of them.

Benefits in ipsilateral and midline symptoms of parkinson-

ism are usually lost after the first years, but some studies

have found persistent improvements in gait and balance

beyond two years. Patients followed up to 10 years after

pallidotomy had sustained improvements in contralateral

dyskinesia and tremor. Pallidotomy, however, did not alter

the natural course of Parkinson’s disease, as indicated by a

progression of akinesia, axial motor symptoms and cogni-

tive decline causing additional disability (Baron et al.,

2000; Fine et al., 2000; Hariz and Bergenheim, 2001; Pal

et al., 2000).

The risks of unilateral pallidotomyhave been analyzed in

a systematic review by de Bie and colleagues (Cooper,

1954) including 12 prospective studies with 334 patients.

Permanent adverse effects were reported in 13.8% of the

patients. A symptomatic infarction or hemorrhage occurred

in 3.9% of patients, and the associated mortality rate was

1.2%. The most frequent adverse effects were problems

with speech (11.1%) and facial paresis (8.4%).

Unilateral pallidotomy was found to be safe in terms of

cognitive adverse effects in several clinical studies (Alegret

et al., 2003; Rettig et al., 2000), if the lesions were confined

to the sensorimotor region of the internal globus pallidus

(Lombardi et al., 2000). More anteriorly placed lesions

were associated with declines in memory and frontal-

executive functions (Lombardi et al., 2000). Simultaneous

or staged bilateral pallidotomies were only exceptionally

performed in the past, because historical series had sug-

gested a marked risk of dysarthria and cognitive decline.

Although contemporary pallidotomy targets the ventropos-

terolateral GPi and tries to avoid the associative and limbic

anteromedial parts of the nucleus, several reports still found

a significant proportion of speech and long-term memory

problems (De Bie et al., 2002a, 2002b; York et al., 2007).

After pallidotomy, patients do usually not improve be-

yond their best pre-operative on-state. Therefore, a pre-

surgical levodopa challenge is useful in predicting the best

possible therapeutic benefit for a given patient. Patients

with little or no response to dopaminergic treatment should

be excluded from surgery. Ideal candidates for pallidoto-

my, in summary, would have a preserved, good levodopa

response, but motor fluctuations and severe asymmetrical

dyskinesias (VanHorn et al., 2001).More problematic may

be patients with bilateral dyskinesias or severe gait and

balance disturbance, which may not be sufficiently treated

with a unilateral procedure.

Subthalamotomy

Only few groups have explored ablative surgery of the

subthalamic nucleus for Parkinson’s disease as a less

expensive alternative to deep brain stimulation. The pro-

cedure carries a risk of permanent hemiballism or hemi-

chorea (Chen et al., 2002) depending on the size and

location of the lesion (Tseng, Su and Liu, 2003). Patel and

colleagues argued that lesions extending dorsally to the

STN into pallidofugal fiber tracts could combine a sub-

thalamatomy and “pallidotomy” effect, thereby avoiding

unmanageable dyskinesias (Patel et al., 2003).

Three open-label studies have shown a 15--50% reduc-

tion of the UPDRS motor score at 1--2 years follow-up

after unilateral subthalamotomy (Alvarez et al., 2001; Patel

et al., 2003; Su et al., 2003). The levodopa requirement was

reduced by about half. Gait and postural stability improved

up to one year after surgery, but showed a gradual decline

thereafter (Su et al., 2003) treated by contralateral sub-

thalamic deep brain stimulation in some patients (Patel

et al., 2003). With bilateral subthalamotomy Alvarez and

colleagues reported marked improvements in motor symp-

toms, on average 50% score reduction in the UPDRS after

two years, including sustained benefits in axial symptoms.

Interestingly, dyskinesia scores were reduced by about half

after an average 50% reduction of the total daily levodopa

dosage. Side effects of the procedure were transient chorea

in 73% of the patients and severe dysarthria in 17%. No

deterioration in cognitive functions was observed. The

authors concluded that bilateral subthalamatomy could be

an effective and relatively safe alternative to subthalamic

deep brain stimulation, if the surgical procedure could be

refined to assure precise lesioning of the dorsolateral STN.

However, with the widespread use of deep brain stimula-

tion, it seems unlikely that larger controlled studies on

subthalamotomy will be available in the near future.

DEEP BRAIN STIMULATION

Deep brain stimulation (DBS) as an alternative to ablative

stereotaxy, derived from the clinical observation during

intraoperative neurophysiological testing, that high-

frequency electrical stimulation of the target areas could

mimic the effect of the subsequent lesion without the need
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for destroying brain tissue. DBS is accomplished by im-

planting an electrode with four contacts into the target area

within the brain, and connecting it to an internal pulse

generator, usually located in the chest region. The stimula-

tor settings can be adjusted telemetrically with respect to

electrode configuration, current amplitude, pulse width and

pulse frequency. DBS has rapidly replaced ablative stereo-

tactic surgery in movement disorders because of several

advantages: (i) DBS does not require making a destructive

lesion in the brain, (ii) it can be performed bilaterally with

relative safety, in contrast tomost lesioning procedures, (iii)

stimulation parameters can be adjusted post-operatively to

improve efficacy, to reduce adverse effects and to adapt

DBS to the course of disease, and (iv) DBS is, in principle,

reversible and does not preclude the use of possible future

therapies in Parkinson’s disease requiring integrity of the

basal ganglia circuitry.

Physiological Mechanisms

DBS mimics the clinical effects of lesioning in all three

target structures (ventrolateral thalamus, internal palli-

dum and subthalamic nucleus), when “high-frequency”

(>100Hz) stimulation is applied. Stimulation at lower

frequencies has no beneficial effects ormay even aggravate

symptoms (Moro et al., 2002). The exact cellular mechan-

isms by which high-frequency DBS exerts a “lesioning-

like” effect is still unknown, although several hypotheses

have been postulated. In particular, it is strongly debated

whether DBS effects result from “inhibition” or rather

“excitation” of neural elements. Electrical stimulation of

nervous tissue, in general, is more likely to activate large

myelinated fibers before small axons or cell bodies, axons

near the cathode before those near the anode and axons

oriented parallel to the electrode before axons oriented

transversely (Ranck, 1975). Chronaxy studies in DBS-

treated patients also suggest that stimulation effects pre-

dominantly derive from excitation of myelinated fiber

tracts (Holsheimer et al., 2000a; Holsheimer et al.,

2000b). Given the short refractory period of myelinated

axons, around 1--2ms, a depolarization block at the cellular

membrane is unlikely to occur at a stimulation rate around

100Hz. Recent physiological experiments in animals, and

intraoperatively in humans, instead propose the following

possible mechanisms: (i) non-synaptic blocking of neuro-

nal transmission through inactivation of voltage-dependant

ion channels (Beurrier et al., 2001), (ii) antidromic excita-

tion of inhibitory afferents to the target nucleus and local

release of GABA (Dostrovsky et al., 2000), (iii) driving

of efferents and masking (or jamming) of encoded infor-

mation by superposition of an unphysiological, high-

frequency pattern (Hashimoto et al., 2003), (iv) activation

of local inhibitory circuits within the target structure

(Strafella et al., 1997).

It is likely that some of the effects occur in combination,

such as the blocking of intrinsic somatodendritic spike

activity and excitation of the outgoing axon within the

same neuron (Garcia et al., 2003). Which of these mechan-

isms is primarily responsible for the clinical benefit of DBS

is unknown and may depend on the anatomy of the target

structure (e.g., the thalamic target contains a local inhibi-

tory circuitry of interneurons and projections from reticular

thalamic nuclei, which does not exist in the pallidal and

subthalamic target) and the exact location of the stimulating

electrode. First clinical evidence in line with a predomi-

nantly axonal action of high-frequency stimulation, sug-

gests that the optimal target point for DBS may not be

within the target nuclei themselves, but rather at entry or

exit sites of fiber tracts or adjacent crossings of large fiber

bundles (Voges et al., 2002; Hamel et al., 2003; Herzog

et al., 2007). These preliminary results, however, await

further confirmation in larger series. For this reason, the

exact documentation of the final electrode location post-

operatively and the corresponding clinical effects does

not only serve for internal quality control but is also

essential to create a sufficiently large database to address

the important controversy about DBS mechanisms and

optimal target sites.

Thalamic Deep Brain Stimulation

Experience with DBS in the thalamus for the treatment of

Parkinsonian tremor has been generally safe and effective.

Clinical success is usually defined as a complete abolition

or a reduction of contralateral tremor to grade 1 (mild and

intermittent) on the tremor rating scale (Fahn, Tolosa and

Marin, 1988) with chronic stimulation. The success rates of

DBS in the following paragraph relate to this definition. For

tremor in Parkinson’s disease, Benabid et al. reported a

success rate of 88% in 26 patients and very low morbidity,

even after bilateral surgery (Benabid et al., 1991). These

findings were confirmed in a European multi-center study

with 74 patients and a follow-up of one year (Limousin

et al., 1999). In another controlled, randomized trial, PD

patients showed an 82% reduction (p < 0.0001) in contra-

lateral tremor compared to baseline, and significant im-

provement in disability and global impressions. There was,

however, no meaningful improvement in other motor as-

pects of the disease, and the total UPDRS part II (activities

of daily living) score did not change (Ondo et al., 1998).

Slightly less favorable results were reported in the first

American multi-center trial of thalamic deep brain stimu-

lation with “only” 58.3% of patients experiencing marked

improvement.

Two long-term studies of up to six years have demon-

strated persistent tremor reductionwithin this period (Hariz

et al., 2008;Rehncrona et al., 2003).Axialmotor sypmtoms

(speech, gait and postural instability), however, worsened,
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and, in parallel, the initial improvement in activities of daily

living scores at one year follow up had disappeared at six

years, despite the sustained improvement of tremor.

Adverse events of thalamic deep brain stimulation are

generally mild and can normally be eliminated by adjust-

ment of the stimulation parameters. Transient tingling

sensations when switching on the device, mild dysarthria

ormild gait ataxia are themost common problems requiring

changes in parameter settings.

Pallidal Deep Brain Stimulation

The majority of reports on pallidal deep brain stimulation

refer to open-label observational studies (see Figure 7.2).

The most consistent effect of pallidal stimulation in these

studies is a marked and long-lasting reduction of contra-

lateral levodopa-induced dyskinesias (Barcia-Salorio

et al., 1999; Burchiel et al., 1999; Durif et al., 1999; Ghika

et al., 1998; Gross et al., 1997; Krack et al., 1998b;

Kumar et al., 1998; Lang and Group, 1998; Merello

et al., 1999; Pahwa et al., 1997; Siegfried and Lippitz,

1994a; Tronnier et al., 1997; Volkmann et al., 1998;

Volkmann et al., 2001; Volkmann et al., 2004; Anderson

et al., 2005; Minguez-Castellanos et al., 2005). Improve-

ment of “off-period” symptoms of parkinsonism is more

variable, but significant in most studies and in the range of

20--30% for unilateral and30--50% for bilateral stimulation.

Patient diaries demonstrated a marked increase in “on-time

without dyskinesias” with pallidal stimulation (Obeso

et al., 2001).

In our ownexperience, bilateralGPi-stimulation (n¼ 11)

led to a 54� 33.1% improvement of the “off”-period

UPDRS motor score at one year follow up (Volkmann

et al., 1998; Volkmann et al., 2001). In UPDRS sub-scores,

wefoundsignificant improvementsforbradykinesia, tremor

and posture and gait, and a tendency towards improvement

of rigidity. “On”-period motor symptoms did not signifi-

cantly change after surgery, except for dyskinesias, which

were reduced by 83% at one year follow-up.

Interestingly, one group reported a reduction of dyski-

nesias, but a worsening of motor function during the

medication “on”-period (Tronnier et al., 1997) after bilat-

eral pallidal stimulation, in contrast to all other available

studies. Because the exact position of the stimulating

electrodes is uncertain in this and most other studies, it is

difficult to discern how far the variable effect of pallidal

stimulation results from different target locations within

GPi. Two studies (Bejjani et al., 1997; Krack et al., 1998a)

claim, based on the observation of acute stimulation effects,

that DBS of the ventral GPi may block dyskinesias, but

aggravate akinesia, whereas dorsal GPi stimulation ame-

liorates akinesia on the account of being pro-dyskinetic.

Figure 7.2 Summary of 16 publications on pallidal deep stimulation published between 1997 and 2005 including a total of

286 patients (54 unilateral treatments). For each study the average change in off-period motor symptoms by levodopa before

surgery (levodopa response in%), byDBS at the final visit (UPDRS III Off score), the reduction of dyskinesias and the change

in the LEDD (levodopa equivalent daily dose) compared to baseline are denoted by a symbol. The boxes represent the

25th--75th quartiles of the distribution of all studies with a line at the median. The whiskers represent the range. (Anderson

et al., 2005; Burchiel et al., 1999; Durif et al., 2002; Ghika et al., 1998; Krack et al., 1998b; Kumar et al., 1998; Loher et al.,

2002; Merello et al., 1999; Ogura et al., 2004; Pahwa et al., 1997; Peppe et al., 2004; The Deep-Brain Stimulation for

Parkinson’s Disease Study Group, 2001; Tronnier et al., 1997; Volkmann et al., 2001; Minguez-Castellanos et al., 2005).
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The importance of these experimental observations for

therapeutic long-term stimulation can only be determined

in future studies carefully relating the efficacy of chronic

pallidal stimulation to the exact target location within the

GPi, determined by neuroimaging techniques and micro-

electrode recordings.

Long-term assessments after pallidal deep brain stimu-

lation are rare. Rodriguez and colleagues (Rodriguez-Oroz

et al., 2005) reported on 20 patients from a multi-center

study with 3--4 year follow-up after bilateral DBS of the

GPi. They found a significant reduction of the off-period

motor score, by 39% compared to baseline, and persistent

benefits in dyskinesias, motor fluctuations and activites of

daily living, Ghika et al. (Ghika et al., 1998) described

persistent improvement in motor scores and activities of

daily living two years after pallidal DBS, but noticed some

decline in efficacy starting after 12months in their patients.

During the long-term follow-up (between two and four

years), we also noted some decline in efficacy after 1--2

years of pallidal stimulation in three of our patients. In these

patients, motor fluctuations returned and did not respond

satisfactorily to changes in stimulation parameters or med-

ication. Similar observations of secondary therapeutic fail-

ure after pallidal stimulation have been reported in small

numbers of patients by other groups (Barcia-Salorio et al.,

1999; Houeto et al., 2000a). Like in the two cases reported

by Houeto et al. (Houeto et al., 2000a), we succesfully re-

implanted our patients in the subthalamic nucleus. They

had a similar benefit in terms of motor improvement and

medication reduction as those patients primarily implanted

within STN (Volkmann et al., 2004). These anectodal

reports underline the reversability of pallidal stimulation

and suggest that the subthalamic target might be preferable

to the pallidal target. They also emphasize that comparative

trials of deep brain stimulation need a sufficiently long

follow-up period to detect possible long-term differences.

Pallidal stimulation is adaptable and stimulation para-

meters can be set to achieve the optimal clinical efficacy in

a given patient without inducing permanent stimulation-

induced side effects. Therefore, visual field disturbances,

facial weakness or dysarthria, which are characteristic side

effects of pallidotomy, are rarely encountered after pallidal

stimulation, unless deliberately accepted by the patient and

physician on account of greater improvement in parkinso-

nian symptoms. Global scores of cognitive functions ex-

hibit little changes after uni- or bilateral pallidal stimulation

(Vingerhoets et al., 1999; Troster et al., 1997; Volkmann

et al., 1998; Ghika et al., 1998). Subtle worsening of frontal

scores, including verbal fluency, however, has been des-

cribed by several authors (Vingerhoets et al., 1999; Troster

et al., 1997; Volkmann et al., 1998). While most patients

and relatives are unaware of these changes in daily life,

behavioral alteration of a frontal nature has been reported in

single cases after bilateral pallidal stimulation (Dujardin

et al., 2000; Volkmann et al., 1998). Old age and high pre-

operative doses of levodopa were found to be predictive

factors of post-operative cognitive worsening, in one study

(Vingerhoets et al., 1999).

Subthalamic Deep Brain Stimulation

Deep brain stimulation of the subthalamic nucleus (STN-

DBS) is the best established surgical treatment for

Parkinson’s disease. As of 2007 more than 25 000 patients

were treated by subthalamic nucleus stimulation, world-

wide. A recent systematic review of STN-DBS, commis-

sioned by theMovementDisorder Society, identified a total

of 34 articles using Medline and Ovid databases from 1993

until 2004, which reported on the outcome from 37 cohorts

comprising of 921 patients (Kleiner-Fisman et al., 2006).

STN-DBS significantly improved off-period motor symp-

toms and actvities of daily living, as indicated by an average

reduction of theUPDRS II (activities of daily living) and III

(motor) scores by 50 and 52%, respectively. The levodopa

equivalent daily dosage of dopaminergic drugs could be

reduced following surgery, by 55.9%. Dyskinesia scores

decreased after surgery, on average by 69.1%, and the

duration of daily off-periods by 68.2%. These outcome

parameters underline the dramatic change in clinical status

that well-selected patients can experience after successful

STN-DBS. Patients with more severe off-period motor

symptoms at baseline and a better responsiveness to levo-

dopa, had the greatest benefit from STN-DBS, according to

this review. The most common serious adverse event

related to surgery was intracranial hemorrhage in 3.9% of

patients. Psychiatric sequelae were common. The authors

conclude, that the current literature suggests a consistent

beneficial effect of STN-DBS on motor symptoms and

activities of daily living (refer to Figure 7.3). The safety

assessment, however, is limited by the small sample sizes

and the uncontrolled nature of the open-label studies.

The open-label follow up of two large cohorts suggests

that post-operative improvements in motor disability are

sustained for up to five years after STN-DBS (Schupbach

et al., 2005; Krack et al., 2003). Parkinson’s disease, how-

ever, progresses, as reflected by a slight, but significant,

worsening of the “on”-period motor score, in particular of

axial symptoms, including dysarthria, gait freezing or pos-

tural imbalance. Cognitive decline, apathy and frontal dys-

executive symptoms pose additional problems in the long-

termmanagementofDBS-treatedpatients (Rodriguez-Oroz

et al., 2005; Lagrange et al., 2002). An important shortcom-

ing of current long-term studies of STN-DBS is the lack of a

medically treated control group.Without this control group

one cannot discern whether STN-DBS has any positive or

negative influence on the natural course of drug-treated PD.

The neuropsychiatric problems reported after STN-DBS,

for example, could be related to normal or accelerated
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disease progression, post-operative medication changes,

long-term stimulation effects or a combination of all.

STN-DBS is a non-curative therapy for Parkinson’s

disease, which will only be acceptable to patients if the

burden of disease is more effectively reduced than optimal

drug therapy. This fundamental question was addressed by

a recent randomized, controlled multi-center study com-

paring neurostimulation to best medical management over

a six-month period (Deuschl et al., 2006). The study

included 156 patients with severe motor symptoms of

Parkinson’s disease, who were randomly assigned in pairs

to receive either bilateralDBSof the subthalamic nucleus in

combination with medical treatment, or best medical ther-

apy alone. The primary outcome of the trial was the change

in health-related quality of life (PDQ-39 score) after six

months. The Parkinson’s Disease Questionnaire-39 sum-

mary index was 41.8� 13.9 out of 100 at baseline and

31.8� 16.3 at six months in the neurostimulation group,

compared with 39.6� 16.0 and 40.2� 14.5 in the medica-

tion group. This corresponded to an improvement of about

25% in the neurostimulation group vs practically no change

in themedication group.While serious adverse events were

more common with neurostimulation than with medication

alone, and included a fatal intracerebral hematoma, and a

suicide, the total number of adverse events was higher

among medication-only patients. One patient in the medi-

cation-only group died from a car accident during a psy-

chotic episode.

This study has set a new standard for surgical trials in

movement disorders for several reasons: first, it has pro-

vided a realistic risk assessment of DBS in patients with

advanced Parkinson’s disease, whose natural course is

already associated with major risks of disease or treat-

ment-related complications, as evident in the medical

control group. Second, it has proved the symptomatic

benefits of DBS to outlast any adverse effects of the

surgery on disability and quality of life. Previous open-

label studies had raised concerns about the safety of STN-

DBS on cognition (Saint-Cyr et al., 2000b; Ardouin et al.,

1999b), mood (Berney et al., 2002) or behaviour (Houeto

et al., 2002). Depression is known to have a higher impact

on quality of life than motor symptoms in Parkinson’s

disease (Committee, 2002), such that neuropsychiatric

adverse effects of neurostimulation could cancel out the

Figure 7.3 Summary of 40 publications on deep stimulation of the subthalamic nucleus published between 1999 and 2006

including a total of 1207 patients. For each study the average change in off-periodmotor symptoms by levodopa before surgery

(levodopa response in %), by DBS at the final visit (UPDRS III Off score), the reduction of dyskinesias and the change in the

LEDD (levodopa equivalent daily dose) are denoted by a symbol. The boxes represent the 25th--75th quartiles of the

distribution of all studies with a line at the median. The whiskers represent the range. (Houeto et al., 2000b; Molinuevo et al.,

2000; Pinter et al., 1999; Broggi et al., 2001; Rodriguez et al., 1998; The Deep-Brain Stimulation for Parkinson’s Disease

StudyGroup, 2001; Katayama et al., 2001; Krause et al., 2001; Lopiano et al., 2001;Martinez-Martin et al., 2002; Ostergaard,

Sunde and Dupont, 2002; Romito et al., 2002b; Volkmann et al., 2001; Lanotte et al., 2002; Iansek, Rosenfeld and Huxham,

2002; Figueiras-Mendez et al., 2002; Tavella et al., 2002; Simuni et al., 2002; Herzog et al., 2003b; Thobois et al., 2002;

Valldeoriola et al., 2002; Vesper et al., 2002; Vingerhoets et al., 2002; Doshi, Chhaya and Bhatt, 2002; Kleiner-Fisman et al.,

2002;Krack et al., 2003; Lyons and Pahwa, 2005a; Landi et al., 2003; Tamma et al., 2003; Esselink et al., 2004; Capecci et al.,

2005; Ford et al., 2004; Jaggi et al., 2004; Peppe et al., 2004; Lyons and Pahwa, 2005b; Visser-Vandewalle et al., 2005;

Minguez-Castellanos et al., 2005; Deuschl et al., 2006; Varma et al., 2003).
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motor benefits. This study (Deuschl et al., 2006), however,

found no evidence for an increased risk of cognitive or

neuropsychiatric complications in the neurostimulation

group, but confirmed a 25% improvement of quality of

life with STN-DBS, which was within the range of the

improvements previously found in uncontrolled case

series (Drapier et al., 2005; Erola et al., 2005; Lezcano

et al., 2004; Lyons and Pahwa, 2005b; Martinez-Martin

et al., 2002; Ostergaard, Sunde and Dupont, 2002;

Spottke et al., 2002; Lagrange et al., 2002).

A shortcoming of the study by Deuschl and colleagues

(Deuschl et al., 2006) is the limited follow-up period of only

sixmonths. As outlined before, someDBS effectsmay only

become apparent in the long-term. The results of other

ongoing trials with a longer parallel group comparison such

as the UK PD SURG trial (http://www.pdsurg.bham.ac.uk)

or the US Veterans Administration trial CSP#468 (CSP

#468 Study Group Study Group #76 Study Group, 2006

#76) are awaited and may help to further clarify the role of

STN-DBS in the treatment algorithm of PD.

Alternative Targets for Deep Brain Stimulation

A recent report suggested that the rostral zone of the zona

incerta may be a better target for the cardinal motor

symptoms of PD than the STN (Plaha et al., 2006). The

subthalamic area dorsomedial to the STN contains palli-

dofugal fiber tracts and the zona incerta, whose function

within the basal ganglia-thalamocortical circuitry is still

undetermined. The observation by Plaha and colleagues

(Plaha et al., 2006) underlines the necessity for a better

delineation of the optimal “STN” target. Because the

authors did not use intraoperative neurophysiology to

confirm their anatomical targeting, one cannot decide

whether the superior results of the “zona incerta” target in

their series related to a sub-optimal placement of the STN

electrodes. Due to the intraindividual variablity in the

severity of motor symptoms and their responsiveness to

levodopa, comparative trials of targets should rather use a

relative score (e.g., percentage of the pre-operative levo-

dopa response achieved by stimulation alone after surgery)

than comparing average stimulation responses of two or

more groups. Stimulation of optimally placed STN-

electrodes is able to mimic the pre-operative levodopa

response. Using this approach, in combination with intrao-

perative neurophysiology, (Herzog et al., 2004) demon-

strated earlier that stimulation of fiber tracts within the

subthalamic area was clinically inferior to stimulation of

the dorsal STN border or the STN proper.

More recently, a number of reports suggest an important

role for the upper brainstem, and in particular, the pedun-

culopontine nucleus (PPN), in the genesis of PD motor

symptoms, like akinesia, gait dysfunction and postural

instability (Nandi et al., 2002a; Munro-Davies et al.,

1999). The PPN is part of the mesencephalic locomotor

reticular region (Jordan, 1998) and maintains dense inter-

connections with the basal ganglia and several other pon-

tine and medullar areas (Delwaide, 2001; Pahapill and

Lozano, 2000). Local injections of the GABA-antagonist

bicuculine (Nandi et al., 2002a) or low-frequency stimula-

tion of the PPN (Jenkinson et al., 2004; Jenkinson et al.,

2006) improved motor symptoms in the MPTP-primate

model of parkinsonism. The feasibility of electrode im-

plantations into the human PPN has been demonstrated in

two recent case reports (Mazzone et al., 2005; Plaha and

Gill, 2005). The target is located lateral to the decussation

of the superior cerebellar peduncle at the level of the

inferior colliculus (Plaha and Gill, 2005). Low-frequency

stimulation of the PPN resulted in up to 57% reduction of

PD motor symptoms (Plaha and Gill, 2005). However, the

first blinded comparison of STN and PPN stimulation in six

patients with electrode implantations into both targets

provided a less enthusiastic view (Stefani et al., 2007):

PPN stimulation alone was significantly inferior to STN-

DBS (32% vs 54% motor score improvement). Combined

stimulation of PPN and STN did not improve the overall

motor score, but led to a significant additive effect on gait

and balance symptoms and further improvement in the

activities of daily living. A longer follow-up and larger

sample size will be necessary to prove whether combined

STN-PPN-DBS may overcome some of the limitations of

STN-DBS alone, in particular the progression of levodopa-

resistant axial symptoms.

Safety

Adverse events associated with DBS must be divided into

those related to the surgical procedure, to the implanted

device, to stimulation and to medication changes necessi-

tated by DBS. Moreover, disappointed expectations, but

also dramatic improvements of the motor handicap in

patients that have been disabled for many years, may cause

psychological difficulties in adapting to the new role after

surgery. Social maladjustment may contribute to dissatis-

faction or even psychiatric abnormalities after DBS.

Surgery- and Device-Related Adverse Effects

DBS requires a craniotomy and one or several needle passes

through the brain carrying with it the risks of intracranial

hemorrhage and damage to adjacent brain structures. The

risk of unintended injury to adjacent brain structures,

however, is much smaller than in ablative procedures,

where the exact size of the final therapeutic lesion may

be difficult to predict. A recent survey by Voges and others

(Voges et al., 2007) on the 30-day complication rate in 1183

patients operated on for various indications at five German

DBS centers, provides a good estimation of the surgical risk
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of DBS in a sufficiently large patient group. According to

this study, intracranial hemorrhages (2.2%) and pneu-

monia (0.6%) were the most common serious adverse

effects of DBS surgery. The mortality rate was 0.4% and

the permanent morbidity rate 1%. Skin infection occurred

in 5 out of 1183 patients (0.4%). Older patients and patients

with Parkinson’s disease carried a slightly greater surgical

risk.

The reported rate of hardware-related problems (e.g.,

lead dislocation, lead breakage, pulse generator dysfunc-

tion, skin erosion) varies greatly between different centers.

Total rates between 3 and 50% (including scheduled pulse

generator replacements) have been described in single

center series with different follow-up periods. (Seijo

et al., 2007; Hamani and Lozano, 2006; Blomstedt and

Hariz, 2005; Lyons et al., 2004; Oh et al., 2002). The

average lies somewhere in the range of 20--25%. Most

hardware-related problems, however, occurred with the

first patients of a series and were less frequent afterwards.

This “learning curve”----even in experienced stereotactic

centers----sheds light on the sophisticated nature of the

procedure, which requires extensive neurosurgical skill

before getting into a routine with DBS surgery.

The sudden failure of a DBS system is a medical

emergency, because Parkinsonian symptoms return

within minutes or hours and my lead to an akinetic crisis

(Hariz and Johansson, 2001). Patients should be in-

structed to seek immediate medical attention if a sudden

return of parkinsonian symptoms is experienced, and to

take an emergency dose of levodopa to prevent a severe

off-state. Electromagnetic interference (e.g., by house-

hold appliances, loadspeakers, etc.) was the most com-

mon cause of a sudden DBS failure before introduction of

a new dual channel pulse generator (Kinetra, Medtronic

Minneapolis, USA) that can be programmed to be insen-

sitive to external magnetic sources. Recently, however,

manufacturing problems caused sudden battery failures

in several devices of certain production lots (Alesch,

2005). DBS is a complex therapy and despite continuous

improvements in technology, hardware-associated pro-

blems must not be underestimated.

One must emphasize that the low morbidity and high

efficacy of DBS reported here, was observed by multi-

disciplinary teams with extensive experience in movement

disorder surgery. The increasing number of centers now

offering DBS----sometimes with little previous experience

in sterotactic and functional surgery and/or the neurological

management of patients with advanced Parkinson’s

disease----increases the risk of poor outcomes and apparent

DBS failures (Okun et al., 2005). Expert centers may be

able to correct some of these treatment failures (Moro et al.,

2006; Okun et al., 2005) by adjustments in medication, or

programming or lead repositioning, but poor outcomes

after surgery impose an unnecessary burden on patients

and threaten the general acceptance of DBS by the neuro-

logical community and patient advocacy groups.

Therapy-Related Adverse Effects

Stimulation induced adverse effects result from current

leaking outside of the target structure into adjacent fiber

tracts or nuclei. Optimal positioning of the stimulating

electrode is therefore paramount for a large therapeutic

window between beneficial effects of DBS and adverse

effects caused by unintended co-stimulation of surrounding

structures. Stimulation-induced adverse effects are easily

recognized, because they are fully reversible when stimu-

lation is stopped, and can be improved, in most cases, by

changing stimulation parameters or electrode configura-

tion. In some patients, in whom the suppression of motor

symptoms is not achieved without side effects, patient and

physician may deliberately accept a certain degree of

stimulation-induced adverse effects.

In thalamicDBS, paraesthesias and dysarthria are among

the most common stimulation-induced side effects. Espe-

cially with bilateral DBS, some dysarthria will have to be

accepted in about 10% of cases, if optimal tremor control is

desired.Less frequent are real dystoniaor “pseudodystonia”

resulting from co-stimulation of the pyramidal tract.

Stimulation-induced side effects in pallidal DBS are rare

and mostly transient during the immediate post-operative

adjustment of stimulation parameters. They include visual

field disturbances from current spread to the optic tract,

tetanic muscle contractions (pseudodystonia) from co-

stimulation of the pyramidal tract and nausea or dizziness.

Possible therapeutic problems with deep brain stimula-

tion of the subthalamic nucleus result from the complex

interactions of drug therapy and electrical stimulation.

Dopaminergic medication and STN-DBS act synergistical-

ly. In the immediate post-operative period, stimulation-

induced dyskinesias are one of the most frequent and

important specific side effects of STN stimulation. The

appearance of dyskinesias indicates correct lead placement,

but the necessity to downtitrate dopaminergic medication.

To avoid severe dyskinetic states, initial programming

should always be done early in the morning when the

patient is in the medication off-state. Stimulation should

be carefully increased over a period of days or weeks until a

satisfactory effect on bradykinesia in the off-phase is

achieved, and, at the same time, the levodopa dosage is

downtitrated. The necessary withdrawal of levodopa, how-

ever, may be associated with adverse reactions, such as

apathy, depression, hypophonia, postural imbalance or gait

freezing, if the drugs are lowered too rapidly or extensively.

The challenge of the post-operative neurological manage-

ment in STN-DBS is to find the right balance between

stimulation and medication and to distinguish clinically

between “genuine” stimulation-induced side effects and
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pre-existing symptoms of the disease that are uncovered by

a combination of reduced dopaminergic therapy and inad-

equate stimulation effects.

Either current diffusion due to excessive stimulation

parameters, or incorrect lead placement may result in

reversible stimulation-induced side effects, such as tonic

muscle contractions, dysarthria, eyelid opening apraxia,

ocular deviation, ipsilateral mydriasis, flushing, unilateral

(ipsilateral) perspiration, (contralateral) paresthesias,

worsening of akinesia and a reversal of the levodopa effect.

These reversible side effects may help to define the

optimal target intraoperatively or to track the deviation of

a misplaced electrode after surgery (Volkmann, Fogel and

Krack, 2000).

Effects On Cognition, Mood and Behavior

Despite the theoretical concern that pallidal or subthalamic

nucleus stimulation could interfere with the functioning of

cognitive basal ganglia loops, most studies found no, or

clinically insignificant, changes in neuropsychological

functioning after DBS (Ardouin et al., 1999a; Jahanshahi

et al., 2000; Trepanier et al., 2000; Alegret et al., 2001;

Pillon et al., 2000). Some reports, however, have warned

that STN-DBS has a risk of inducing cognitive decline with

a frontal executive dysfunction similar to progressive

supranuclear palsy in older patients (above 70 years) or

those with minimal cognitive dysfunction prior to surgery

(Saint-Cyr et al., 2000a; Dujardin et al., 2001).

An increasing number of reports on psychiatric and

behavioral adverse effects of STN-DBShas raised concerns

about the safety of this therapy and deserve special atten-

tion. Mood disorders are among the most frequently ob-

served post-operative side effects in STN stimulation

(Volkmann et al., 2001; Limousin et al., 1998), but the

true prevalence is still difficult to estimate due to small

sample sizes, uncontrolled study designs and possible

biases in reporting on adverse events. The incidence of

depression in the first post-operative months has been up to

25% in some reports (Volkmann et al., 2001; Berney et al.,

2002) and suicidal ideation or completed suicides were

reported in some patients (Berney et al., 2002; Doshi,

Chhaya and Bhatt, 2002; Deuschl et al., 2006). Manic

disorders seem to be less frequent, in the range of

5--10% (Daniele et al., 2003; Romito et al., 2002a;

Kulisevsky et al., 2002; Herzog et al., 2003a). It is impor-

tant to note that in most patients, psychiatric disturbances

are mild and transient and do not require hospitalization.

The high incidence of psychiatric problems after STN-

DBS is most likely multi-factorial, but the relevance of the

individual factors still needs to be determined:

(1) Parkinson’s disease is a neuropsychiatric disease

most frequently associated with depression and

anxiety, but also with behavioral abnormalities, such

as impulse control disorders after long-term medical

treatment. Mood and behavioral abnormalities after

surgery often reflect a reactivation of a pre-existing

psychiatric condition, as shown by Houeto and col-

leagues (Houeto et al., 2002), underlining the neces-

sity of careful neuropsychiatric assessment during the

patient selection process (Voon et al., 2005).

(2) Levodopa has psychotropic effects, in addition to the

well-known motor effects. Patients describe the

action of levodopa as pleasantly euphoria- and

drive-enhancing. In extreme cases, mania, levodopa

dysregulation syndrome or impulse control disor-

ders (e.g., hypersexuality, gambling) can present as

affective and behavioral side effects of dopaminer-

gic therapy. The medication reduction after STN

stimulation may, therefore, cause withdrawal phe-

nomena, with an impact on mood and drive.

(3) The basal ganglia are integrated into associative-

cognitive and limbic regulatory systems, such that

psychiatric symptoms could also result as a direct side

effect of stimulation. The acute emotional effect of

STN-DBS is mood enhancing (Funkiewiez et al.,

2003; Schneider et al., 2003). High stimulation am-

plitudes may cause laughing spells (Krack et al.,

2001). Stimulation of the medioventral, limbic part

of the STN has been shown to evoke hypomanic states

(Mallet et al., 2007). There is currently no evidence

that depression could result from stimulation inside

the STN. The two spectacular cases of stimulation-

induced depression rather resulted from high-

frequency stimulation of the substantia nigra pars

reticulata ventral to the STN (Bejjani et al., 1999;

Blomstedt et al., 2008). Chronic stimulation within

STN proper led to the intended improvements in

motor symptoms in these patients without persistent

side effects.

(4) Successful surgery allows a return to increased inde-

pendence, which can affect partnership, social bonds,

and profession, and at the same time, cause a loss of

primary and secondary gains from the illness (Perozzo

et al., 2001). The process of adaptation to the new role

after surgery is poorly understood in movement dis-

orders, but is known to cause most of the psychologi-

cal and behavioral problems after epilepsy surgery

(Wilson, Bladin and Saling, 2001), and has also been

identified as a reason for patient dissatisfaction

after PD surgery, despite a good motor outcome

(Schupbach et al., 2006).

TRANSPLANTATION AND OTHER
RESTORATIVE SURGERIES

The attempt to replace lost dopaminergic neurons in

Parkinson’s disease by transplantation pioneered the clinical

application of restorative therapies in neurodegenerative
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disorders. Early attempts at autologous grafting using

adrenal medullary cell transplants soon turned out to be

ineffective and risky (Goetz et al., 1989; Olanow et al.,

1990). Transplantation of human fetal cells, however,

achieved early success in several unblinded case series.

These series provided the proof of principle, that trans-

planted cells could survive and function for many years in

the striatum of PD patients (Hauser et al., 1999; Kordower

et al., 1995; Lindvall et al., 1994). On the basis of these

encouraging observations, two double blind, sham-surgery

controlled trials were launched, which turned out to bemore

disappointing than expected (Olanow et al., 2003; Freed

et al., 2001). Neither study found a significant improvement

in off-period motor symptoms in the transplanted group,

although graft survival could be demonstrated in PET

imaging. Minor benefits were observed in sub-groups of

patients under the age of 60 (Freed et al., 2001) or with less

severe disease (Olanow et al., 2003). But a significant

proportion of patients (15% in the Freed and 56% in the

Olanow trial) with some initial benefit from transplantation,

developed dyskinesia in the medication off-state (runaway

dyskinesia) which could not be managed by medication

adjustments. Despite some criticism about the transplant

methodology in the two trials (storage of donor tissue, tissue

preparation, immunosuppression), their results have defini-

tively set back the field to an experimental stage. Alternative

cell sources are now being explored including the use of

neural stem cells, which could also solve the ethical pro-

blems associated with fetal transplants.

In the meantime, two small pilot trials evaluated the

feasibility of non-neuronal cell therapy in Parkinson’s

disease. Autotransplantation of dopaminergic carotid body

cell aggregates into the striatum resulted in modest clinical

benefit (23% motor score reduction at six months) in 13

patients with advanced Parkinson’s disease (Minguez-

Castellanos et al., 2007). None of the patients developed

off-period dyskinesias. Based on the favorable results of a

pilot study (Stover et al., 2005) a double-blind, sham-

controlled multi-center trial is currently investigating the

safety and efficacy of intraputaminal implantation of hu-

man retinal pigment epithelial (RPE) cells. RPE cells

produce levodopa and can be isolated from post-mortem

human eye tissue, grown in culture, and implanted into

the brain, attached to microcarriers. In the open-label

pilot study, six patients with advanced Parkinson’s

disease were followed after unilateral implantation and

had an average improvement of 48% in the motor score

after 12 months (Stover et al., 2005). This benefit was

sustained at 24 months. No neurological side effects were

observed.

Other restorative approaches include the use of growth

factors and gene therapy (Kaplitt et al., 2007), which are

also in an experimental stage. Despite very favorable

reports on the beneficial effects of intraputaminal infusion

of glial cell line-derived neurotrophic factor (GDNF) in

open studies (Gill et al., 2003; Patel et al., 2005), a recent

randomized, controlled clinical trial failed to prove superi-

ority of GDNF over placebo infusion in 34 PD patients

(Lang et al., 2006). Serious, device-related adverse events

required surgical repositioning of catheters in two patients

and removal of devices in another. Neutralizing antibodies

were detected in three patients. Despite some issues on

differences in methodology raised by the proponents of

GDNF infusions, this study again demonstrates the need for

a placebo control in surgical trials of PD. The magnitude of

the placebo effect with any invasive therapy of PDmust not

be underestimated and may influence subjective patient

ratings, such as quality of life, but also single-blinded

physician ratings of motor symptoms, as demonstrated in

a remarkable secondary analysis of a sham-controlled

transplantation trial (Mcrae et al., 2004).

COMPARISON OF SURGICAL THERAPIES

Lesional Stereotaxy vs Deep Brain Stimulation

Few studies have compared surgical therapies for

Parkinson’s disease in a controlled fashion. Thalamic deep

brain stimulation is equally effective in symptomatic trem-

or control as thalamotomy, but offers a lower risk of

permanent neurological deficits and better functional out-

come (Schuurman et al., 2000b). The same group later

conducted a trial of pallidotomy vs subthalamic nucleus

deep brain stimulation for advanced Parkinson’s disease.

Thirty-four patients with advanced PD were randomly

assigned to have either unilateral pallidotomy or bilateral

STN stimulation. STN-DBS was found to be more effec-

tive, at six months and one year, in reducing off-period

motor symptoms, dyskinesias and anti-parkinsonian drugs

(Esselink et al., 2004; Esselink et al., 2006). Secondary

analysis of neuropsychological tests, however, suggested,

that bilateral STN-DBS had slightly more negative effects

on executive functioning than unilateral pallidotomy

(Smeding et al., 2005). A direct comparison between

pallidotomy and the equivalent pallidal deep brain stimu-

lation has been conducted in a single pilot trial. In a group of

13 patients randomized to either unilateral pallidal DBS or

radiofrequency lesioning of the GPi, Merello and collea-

gues (Merello et al., 1999) found about equal improvement

of the UPDRS motor score after three months follow-up.

There was greater reduction of contralateral dyskinesias

after pallidotomy, whereas bilateral hand tapping scores

improved more with DBS.

Comparison of DBS Targets

After the initial reports on the beneficial effects of STN-

DBS, many groups worldwide quickly embraced the sub-

thalamic nucleus as the overall best target for treating

Parkinson’s disease. Implantations into the thalamus or

1337: SURGERY FOR PARKINSON’S DISEASE



pallidum for Parkinson’s disease rapidly decreased in

number and the scientific evaluation of the two alternative

targets almost came to a halt. This development, however,

was driven by bias, not by sound clinical evidence.

In a retrospective analysis of their own series, Krack and

colleagues described excellent control of marked to severe

parkinsonian tremor by subthalamic nucleus stimulation

(Krack et al., 1998a). The additional advantages of an anti-

akinetic effect and savings in dopaminergic drugs, soon led

to the suggestion that subthalamic nucleus stimulation

should be preferred over thalamic stimulation for the

treatment of tremor-dominant Parkinson’s disease, espe-

cially in younger patients, who are likely to develop

akinetic-rigid symptoms and treatment-related motor com-

plications with disease progression. This common clinical

practice has never been evaluated in a controlled clinical

trial. Thalamic DBS is a reliable monosymptomatic treat-

ment for parkinsonian tremor, which is easy to program,

provides rapid and long-lasting benefit and has few adverse

effects. In contrast, the temporal evolution of anti-tremor

effects in STN-DBS is less predictable (Volkmann, Fogel

and Krack, 2000; Volkmann et al., 2002). Some patients

have an immediate benefit, while in others tremor may

gradually decline over months. Therefore, we still consider

thalamic DBS an option in tremor-dominant PD, especially

for older patients with little akinesia and slow disease

progression over the past years.

The preference of the subthalamic target over the pallidal

target derives froman early open-label study,which found a

slightly better efficacy of STN-DBS in reducing off-period

motor symptoms (Obeso et al., 2001; Rodriguez-Oroz

et al., 2005), but was never designed to compare both

therapies. One single-center study supported this conclu-

sion: Krack and colleagues (Krack et al., 1998b) reported a

71% improvement of the “off”-period UPDRS motor score

with STN-stimulation, but only 39%with GPi-stimulation,

in a group of 13 patients with young-onset Parkinson’s

disease. This significant difference resulted primarily from

a greater reduction of bradykinesia in the STN-stimulated

group, whereas other parkinsonian symptoms showed

about equal improvement. Other open-label comparisons

found little or no difference in the clinical efficacy of

pallidal and subthalamic DBS (Minguez-Castellanos

et al., 2005; Volkmann et al., 2001). In our own retrospec-

tive analysis of the initial 11 patients implanted within GPi

and 16 patients implantedwithin STN, themain findingwas

a 54� 33.1% improvement of “off”-period motor symp-

toms in the first and 67� 22.6% improvement in the later

group after one year of follow-up (Volkmann et al., 2001).

The 10--15% difference between both groups was not

significant and power analysis suggested that, based on

the group variances, a much larger trial, including a

minimum of 135 patients in each arm, would have

been needed to prove significance of this possible small

difference in favor of STN-stimulation. A well-designed,

but small, randomized-prospective trial described equal

improvements in off-period symptoms and dyskinesia

(Burchiel et al., 1999; Anderson et al., 2005) after STN-

vs GPi-DBS.

The only consistent differences between pallidal and

subthalamic nucleus stimulation reported so far concern

medication requirements (Minguez-Castellanos et al.,

2005) and stimulation parameters. Patients with pallidal

stimulation continue to require pre-operative anti-PD med-

ication doses and in some cases even higher doses are

introduced post-operatively, whereas STN-stimulation al-

lows an average reduction of dopaminergic medication in

the range of 65% and equivalent improvement of “off”-

period motor symptoms (Volkmann et al., 2001). The

energy required for effective pallidal stimulation is about

two- to threefold higher than values previously reported for

subthalamic or thalamic stimulation (Benabid et al., 1996;

Moro et al., 1999; Volkmann et al., 2001), which most

probably reflects the larger anatomical size of the GPi

target.

Better-powered, randomized studies of pallidal and sub-

thalamic DBS are currently underway in the United States.

The comparison should not only focus on the efficacy in

reducing off-periodmotor symptoms, but needs to take into

account aspects of safety and global treatment effects, such

as improvements in quality of life. Hopefully, these studies

will answer whether sub-groups of patients may be better

suited for one or the other therapy.

PATIENT SELECTION

Despite the heterogeneity of surgical therapies for ad-

vanced Parkinson’s disease, patient selection criteria are

relatively uniform. Better results are obtained in patients

with idiopathic Parkinson’s disease, an excellent levodopa

response, younger age and normal cognitive status.

DBS has not been evaluated for other forms of parkin-

sonism than idiopathic Parkinson’s disease. From experi-

ence with a few patients with progressive supranuclear

palsy, multiple system atrophy or other atypical parkin-

sonian syndroms, who underwent DBS, one can conclude

that the overall progression of these disorders rapidly

counteracts a possible transient benefit from surgery. Up

to 10% of the therapeutic failures after DBS may result

from an inappropriate diagnosis of Parkinson’s disease

(Okun et al., 2005), which underlines the importance of

involving movement disorder specialists in the selection

process.

The benefit of subthalamic DBS can be closely predicted

by the “best motor on-state” of a patient after taking a

suprathreshold dose of levodopa (Welter et al., 2002).

Therefore, most centers routinely apply a levodopa

challenge during the pre-surgical evaluation of surgical

134 PARKINSON’S DISEASE AND PARKINSONISM



candidates. Symptoms that are not helped by levodopa,

such as speech or postural problems, do not improve with

long-term stimulation. The one exception to the rule is

parkinsonian tremor, which may be refractory to anti-

parkinsonian medication, but responds nicely to DBS.

Another important factor is the age at surgery (Russmann

et al., 2004; Charles et al., 2002). Patients over age 70 carry

an increased risk of surgical complications (Voges et al.,

2007) including irreversible cognitive decline after surgery

(Saint-Cyr et al., 2000b). Moreover, their “stimulation-on”

state after surgery does not reach the “best-medical-on”

state, in contrast to younger patients (Russmann et al.,

2004). Russmann and colleagues (Russmann et al., 2004)

found in a retrospective analysis of their own series, that, in

particular, gait and balance problems progressed after STN-

DBS in the older patient group and became the primary

reason for institutional care in 25%.

Cognitive decline is closely linked to advanced neuro-

pathological stages of Parkinson’s disease (Braak et al.,

2006). Because surgery may aggravate frontal dysexecu-

tive scores or even global cognitive function in patients

with pre-existing cognitive deficits, careful neuropsycho-

logical testing is mandatory during pre-surgical evaluation.

The evolution of dementia correlates clinically with the

progression of levodopa-resistant axial motor symptoms of

PD (Alves et al., 2006; Burn et al., 2003). Particular

attention must therefore be given to patients with a history

of frequent falls in the on-state or a poor pull-test response

after the levodopa challenge.

Currently surgery is performed in very advanced stages

of Parkinson’s disease after an average of 14 years of

disease duration, when the psychosocial burden of the

disease has been marked for many years. The majority of

patients has retired from professional life, is dependent on

help in their activities of daily living and has experienced

marked changes in social participation due to the disease.

Despite excellent motor improvements, these patients may

have difficulties in returning to a “normal” life after STN-

DBS. Schupbach and colleagues analyzed the factors con-

tributing to psychosocial distress after DBS surgery in a

group of 29 patients (Schupbach et al., 2006). These

patients experienced marked improvements in parkinso-

nian motor symptoms, activities of daily living and quality

of life and had no signs of psychiatric disease. However,

social adjustment, as measured by the social adjustment

scale, did not improve after STN-DBS. Three types of

maladjustment were observed: 19/29 patients expressed

a feeling of strangeness and unfamiliarity with themselves.

They had difficulties adopting to the new role after surgery

and defining new goals in life after overcoming the burden

of Parkinson’s disease. Marital conflicts occurred in 17/24

patients living in couples before surgery and led to divorce

in three couples. Only 9/16 patients, who were working

before surgery, resumed their professional activity after

surgery. Five of these patients preferred to engage in leisure

activities instead of working, while others felt unable to

work despite excellent motor improvement. This study

underlines that deep brain stimulation is a therapy with

profound impact on a patient’s life, comparable to epilepsy

surgery or organ transplantation (Wilson, Bladin and

Saling, 2001). Maladjustment had previously been ob-

served after these life-changing medical procedures and

multi-disciplinary programs have been developed to help

patients coping with re-integration (Wilson, Bladin and

Saling, 2001).

The goal of improving quality of life and reducing the

psychosocial burden of Parkinson’s disease may be better

achieved in younger patients operated on at an earlier stage

of disease, once symptoms can no longer be managed

optimally by medication. This time point is known among

movement disorder specialists as the end of the “drug

honeymoon period” in Parkinson’s disease, when the first

motor complications start to emerge. In patients with

young-onset PD, mild fluctuations or dyskinesia may start

as early as 3--5 years after disease onset. A small pilot study

by the Paris group recently evaluated the impact of DBS at

such an early stage. Twenty patients with a short duration of

PD (6.8� 1 year) were randomized to either immediate

STN-DBS surgery or best medical treatment for a period of

18 months (Schupbach et al., 2007). Quality of life was

significantly improved, by 24%, in the surgical group, but

did not change in non-surgical patients. After 18 months,

the severity of parkinsonian motor signs “off” medication,

levodopa-induced motor complications, and the daily levo-

dopa dose were reduced by 69, 83, and 57% in operated

patients and increased by 29, 15, and 12% in the group with

medical treatment only. Adverse events were mild or

transient, and overall psychiatric morbidity and anxiety

improved in the surgical group. After these encouraging

results a large binational multi-center trial (EARLYSTIM)

was initiated in France and Germany in 2006 to further

evaluate the concept of early subthalamic nucleus deep

brain stimulation in suitable patients with Parkinson’s

disease.

In the past years we have witnessed a paradigmatic

change in movement disorder surgery from a “last resort

treatment” for the most incapacitating motor symptoms

to a routine therapy targeting quality of life and func-

tional independance. The different levels of functioning

of a patient within the multi-dimensional physical-

psychosocial framework of health-related quality of life

are best evaluated in a multi-disciplinary team of neu-

rologists, neurosurgeons, psychologists, psychiatrists,

specialized nurses and social workers. The symptomatic

assessment of motor and cognitive function during the

pre-surgical assessment is supplemented in our clinical

practice by a psychiatric assessment to identify co-

morbidities and disease- or treatment-related psychiatric
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complications. Moreover, areas of risk for social malad-

justment are explored in one or several psychological

interviews with the patient and a caregiver during the

pre-surgical evaluation. The exploration should cover

professional and leisure activities, social support, marital

satisfaction, coping, future goals and expectations from

surgery. Unrealistic expectations need to be corrected

before advising surgery, to prevent disappointment with

the outcome. The multi-faceted views are combined with

an individual risk--benefit analysis, which is discussed

with the patient and balanced against alternative treat-

ment options.

PRAGMATIC MANAGEMENT

Surgical therapy is an option for patients with idiopathic

Parkinson’s disease suffering from hypokinetic fluctua-

tions, dyskinesias or tremors that are no longer satisfacto-

rily treated by medication. Deep brain stimulation is the

best-established surgical therapy and can be applied in three

different brain targets with a differential effect on parkin-

sonian motor symptoms. Patient selection criteria and

guidelines for choosing the optimal target are summarized

below:

Patients selection criteria:

* History of Parkinson’s disease for at least five years (to

exclude non-idiopathic parkinsonism)
* Disabling hypokinetic fluctuations, dyskinesia or trem-

or despite optimized drug therapy
* Excellent levodopa-responsiveness of akinetic-rigid

symptoms
* Hoehn and Yahr stage� III during best medical “on”
* Normal age-related cognitive status
* No major depression, acute psychosis or other unstable

psychiatric conditions
* No structural brain abnormalities increasing surgical

risk (MRI)
* General health condition allowing prolonged brain

surgery.

Guidelines for selecting the brain target of deep brain

stimulation in Parkinson’ disease:

Thalamic (Vim) Deep Brain Stimulation

* Only effective on tremor, no improvement of akinesia,

motor fluctuations or dyskinesia
* Usually well tolerated, risk of dysarthria or balance

problems with bilateral procedures
* Benefit on tremor immediately obtained
* Simple adjustment of stimulation and medication after

surgery

* Potentially useful in older patients with tremor-

dominant PD, mild bradykinesia and little risk of

developing motor fluctuations

DeepBrain Stimulaiton of theinternal globus pallidus(GPi)

* Effective on all cardinal symptoms of PD
* Effective in reducing hypokinetic fluctuations and

dyskinesia
* Few therapy-related adverse effects
* Benefit on dyskinesia immediately obtained
* Simple adjustment of stimulation after surgery
* No savings in anti-parkinsonian medication
* Higher energy consumption

Deep Brain Stimulation of the subthalamic nucleus(STN)

* Effective on all cardinal symptoms of PD
* Effective in reducing hypokinetic fluctuations and

dyskinesia
* Effective in improving health-related quality of life
* Risk of dysarthria
* Adjustment of stimulation and medication more

complex and time consuming
* Significant savings in anti-parkinsonian medication
* Risk of (transient) psychiatric or behavioral adverse

effects during the adjustment period
* Low energy consumption

CONCLUSION

Surgical therapies in Parkinson’s disease have evolved

from an empirical stage to treatment options with a sound

scientific basis. Neurorestorative procedures are still in an

experimental stage, but bear great potential for the future. In

the meantime, deep brain stimulation will be the mainstay

of surgery for Parkinson’s disease. Sufficient evidence has

accumulated to considerDBSof the subthalamic nucleus an

effective and relatively safe therapy for all cardinal symp-

toms of Parkinson’s disease and levodopa-induced motor

complications. The improvements in motor symptoms are

so profound, that quality of life is significantly improved by

STN-DBS in well-selected patients. Research is ongoing

and includes the exploration of alternative targets, im-

proved definitions of candidacy and refinements in DBS

technology with new electrode designs or improved stimu-

lation protocols. The future looks bright, but the progress in

surgical therapy will be critically dependent on support for

this field, which has traditionally received far less attention

than drug research.
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INTRODUCTION

In the 50 years since the discovery of dopamine (DA) as a

neurotransmitter, and its involvement in Parkinson’s dis-

ease (PD), pharmacologic DA replacement therapy has

become the mainstay of PD treatment. Although, the

introduction of long-lasting DA agonists and combined

treatment with L-DOPA has improved the quality of life for

the patients, it also dramatically increased the cost of

treatment. However refined, these therapies still cannot

modify the disease progression and the patients still face

major adverse effects as the disease advances.

In this chapter, we will describe three major lines of

experimental strategies,which hold great potential as future

clinical therapies for PD patients (Figure 8.1). They differ

significantly from each other in the way they interact with

the host brain, but all aim at restoring basal ganglia

function. The first section describes recent advances in

cell replacement therapy, where the transplanted cells

restore synaptic connectivity, DA synthesis and release in

the parkinsonian striatum. The second section describes an

alternative approach for neurotransmitter delivery. This

strategy utilizes viral vector-mediated gene delivery and

the cellular machinery of remaining neurons in the striatum

to produce DA or its precursor. The final section covers

advances in neuroprotective strategies to slow or even halt

the disease progress.

CELL TRANSPLANTATION THERAPY

Historical Background

Cell transplantation has been considered a possible future

therapy for PD for close to three decades. The first animal

studies demonstrating that immature DA neurons grafted to

the striatum could function in the adultmammalian nervous

system surprised the neuroscience community. Earlier

studies had already demonstrated that immature neurons

could survive implantation into the anterior chamber of the

eye (Olson and Malmfors, 1970; Olson and Seiger, 1972)

and to a well-vascularized tissue bed adjacent to the

hippocampus (Bjorklund, Stenevi and Svendgaard,

1976). Moreover, immature DA neurons could also survive

in vitro culturing (Levitt, Moore and Garber, 1976). The

fact that the neurons survived transplantation adjacent to

the striatum was therefore not completely unexpected.

Instead, the remarkable feature was that they could

re-innervate the host brain, functionally “replace” the en-

dogenous DA system and reverse behavioral abnormalities

caused by a prior lesion of the nigrostriatal system. This

dramatic functional plasticity of the adult brain, that is, that

it could integrate a new set of neurons, went beyond all

expectations. Immediately hopes were raised that the tech-

nique could be used to repair the brains of patients with PD.

Several laboratories set out on a mission to characterize the

grafted DA neurons morphologically and physiologically.

The effects on the host brain neurons were studied in detail

and the beneficial impact of the grafts on different lesion-

induced deficits were described. In some studies the intera-

ction between the recipient’s immune system and the

implants was monitored. A review of all the grafting studies

in experimental animals is beyond the scope of this chapter;

instead the reader may consult earlier publications that have

focused on them (Brundin, Duan, and Sauer, 1994; Brundin

and Hagell, 2001). The first clinical trials with transplanta-

tion in PD did not use immature DA neurons as donor

tissue (Lindvall et al., 1987). Instead the patients received
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autografts of their own adrenal medulla. The supporting

studies in experimental animals were fewer and the results

less impressive than for immature DA neurons, but adrenal

chromaffin cells were considered an ethically more

acceptable source of catecholamine-producing tissue for

clinical trials. Despite an initial optimism in the reports

from Madrazo and co-workers (Madrazo et al., 1987), the

adrenal autografts were not successful in numerous

follow-up trials and the approach was abandoned towards

the end of the 1980s (Goetz et al., 1991). In parallel, a

number of clinical trials with transplants of human imma-

ture DA neurons in PD were initiated and actively pursued

for about one decade. In the following section of this

chapter we will briefly summarize the results of these trials

and describe the problems the field has encountered.

Subsequently we will discuss possible alternate sources of

donor tissue, and in this context focus on different types of

stem cells.

Fetal Neural Tissue Transplantation

From the initial clinical trials in 1987 to today, over 400 PD

patients are estimated to have received transplants of

human ventral mesencephalon from aborted embryos or

fetuses. In several open-label trials, some of the grafted

patients were reported to exhibit dramatic neurological

improvement. Typically, the patients would display reduc-

tions in bradykinesia and rigidity, as well as a marked

reduction in the time spent in the “off ” phase. In the most

impressive cases, it was possible to withdraw anti-parkin-

son medication. Positron emission tomography (PET)

scans have shown increases in fluorodopa uptake such that

in the best cases it has been normalized in the implanted

putamen, even in cases where the expected level would be

10--20% of normal following numerous years of symptom-

atic PD. The graft’s ability to release DA has been observed

using PETwith aDAD2 receptor ligand (raclopride), where

Figure 8.1 Schematic overview of novel therapeutic strategies in Parkinson’s disease. Fetal midbrain DA neuron

transplantation: Cells from the ventral mesencephalon are dissected from aborted embryos. They are then mechanically

dissociated into amixture of single cells and tissue aggregates before being stereotactically injected into the patients’ putamen.

Embryonic stem cell transplantation: Cells from the inner cell mass of early, in vitro fertilized embryos are collected,

expanded and established as an embryonic stem cell line. Embryonic stem cells are cultured under controlled circumstances so

that they differentiate into midbrain dopamine neurons before they are injected into the brain. Continuous infusion of trophic

factors: A thin catheter is inserted either into the ventricle or the posterodorsal putamen and is connected to an infusion pump

that delivers recombinant proteins, for example, glial cell line-derived neurotrophic factor (GDNF), at a continuous rate.

Transplantation of encapsulated cells: The cells are genetically modified in vitro to stably express and secrete GDNF. They

are then encapsulated in semi-permeable, hollow fibers before being inserted into the brain parenchyma. Viral vector-mediated

in vivo gene therapy: Viral vectors such as recombinant adeno-associated viral (rAAV) vectors, coding for either

neurotransmitter synthesizing enzymes or trophic factors, are injected into the brain parenchyma.
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the level of DA receptor binding has been brought down to

normal by the transplants (Piccini et al., 1999). Using PET

tomeasure cortical activation, the grafts have been found to

normalize movement-related activity levels in the supple-

mentary motor area and dorsolateral prefrontal cortex

(Piccini et al., 2000). In post-mortem studies of brains

from grafted PD patients, sometimes in excess of 100 000

implantedDAneurons have been observed in each putamen

(Kordower et al., 1998; Mendez et al., 2005). These cells

have given rise to a dense network of dopaminergic axons

and terminals in the host brain. Despite the apparent success

of grafting in PD, it has, however, not become a standard

therapy for PD.

Indeed, in recent years there have not been any additional

transplantation surgeries as part of systematic clinical trials.

This clinical field of research has virtually reached a

standstill. There are several probable reasons for this. For

example, it has been difficult to perform large series of

surgeries due to difficulties in securing sufficient amounts

of donor tissue from routine abortions. Moreover, the

results in the open-label trials have varied markedly, with

some patients showing no significant benefit whilst others

have exhibited dramatic improvement (for review see

(Lindvall et al., 2000)). The reason for these variable results

is not fully understood, and as a consequence, the repro-

ducibility of the procedure has been question. Probably the

most profound inhibitory effect on the clinical neural

transplantation field was sparked by two NIH-sponsored,

double-blind, placebo-controlled trials. The human mesen-

cephalic transplants did not elicit any improvement in the

respective primary endpoints of the studies (Freed et al.,

2001; Olanow et al., 2003). The initial controlled trial also

highlighted, for the first time, that some grafted patients can

develop graft-induced dyskinesias, which persist in the

absence of anti-parkinsonian medication (Freed et al.,

2001). Retrospective studies confirmed that the same type

of dyskinesias had also been present in some of the patients

from the open-label trials (Hagell et al., 2002), and they

were also seen in the second controlled trial (Olanow et al.,

2003). Taken together, the negative outcome of the con-

trolled trials initiated a discussion on the future of neural

transplantation (Bjorklund et al., 2003). One conclusion is

that more basic research is required to optimize the tech-

nique, so the chances of major benefit increase. Further-

more, it is necessary to understand, and create strategies to

avoid, graft-induced dyskinesias.

What is the best way forward in order to maximize the

chances of benefit and minimize the risk of side effects?

First, the selection of patients has to be considered more

carefully than before. Patients with PD are a heterogeneous

group and aside from obvious variables, such as duration

of disease, age of onset and genetics, other factors may

influence suitability for transplantation therapy. Today it is

not known which patients are most suited for transplanta-

tion therapy, although it has been suggested that mild

disease or a good response to L-DOPA are predictors of a

good response to grafting (Olanow et al., 2003; Freed

et al., 2004). Second, the extent to which patient selection

and surgical factors influence the risk of developing

dyskinesias needs clarification. As mentioned above, it is

necessary to design new animal experiments to examine

when and why dyskinesias develop after transplantation

(Hagell and Cenci, 2005). Graft-induced dyskinesias have

so far not been possible to faithfully replicate in experi-

mental rodents. Following administration of amphetamine,

however, some grafted rats exhibit abnormal involuntary

movements (Carlsson et al., 2006; Lane et al., 2006).

These may be analogous to true graft-induced dyskinesias

in PD patients. Interestingly, they only appear in rats that

have previously displayed abnormal movements in re-

sponse to prolonged L-DOPA treatment. Third, surgical

factors, such as the numbers of cells implanted, the type of

instrument used and the regions of the basal ganglia

targeted, are definitely important for clinical outcome and

need to be understood better. Fourth, the impact of the host

immune system on the survival and function of neural

grafts is not well understood. Without question, the brain

constitutes an immunologically privileged transplantation

site and incompatible grafts display prolonged survival

compared to when they are placed in peripheral sites

(Widner and Brundin, 1988). This does not mean, how-

ever, that immune rejection of grafted neurons cannot take

place in the brain (Brevig, Holgersson and Widner, 2000).

Finally, there is great need for a novel source of immature

DA neurons that can replace the use of ventral mesence-

phalic tissue from aborted embryos. Ideally the cells

should closely resemble the morphology and functions of

human nigral DA neurons, should provide a minimal

stimulus to the immune system and should be possible to

produce in large numbers. The development of a repro-

ducible supply of cells is necessary, if systematic, large-

scale clinical trials are to be conducted in the future. In the

following sections, we briefly review different types of

stem cells and their potential suitability as starting material

for the generation of DA neurons.

Stem-Cell Based Therapies

Stem cells have the capacity both to self-renew and to

generate progeny that can differentiate into multiple types

of specialized cells (Gage, 2000). Stem cells are classified

based on the age of the tissue in which they are found (e.g.,

embryonic, fetal, adult). Those found in the adult are often

called somatic stem cells. Stem cells are also grouped based

on their level of plasticity, that is, potency to form different

mature cell types. Thus, multipotent stem cells are capable

of generating several types of mature cells (typically within

one tissue type), whereas pluripotent stem cells can form all

1478: FUTURE CELL- AND GENE-BASED THERAPIES FOR PARKINSON’S DISEASE



types of tissue, that is, from the three different germ layers.

In the context of cell therapy for PD, stem cells

from embryos, fetuses and adults have been explored as

potential sources of DA neurons. Several studies have also

addressed the capacity of stem cells found outside the brain,

to form neurons. In this section we very briefly summarize

the current state-of-the-art regarding stem cells as a source

of transplantable neurons in PD.

Neural Stem Cells

Neural stem cells are multipotent and can differentiate

into neurons, astrocytes and oligodendrocytes. They are

found both in immature and adult central nervous system

tissue. In human adult brain, neural stem cells are present

in the subventricular zone and subgranular zone of the

hippocampal dentate gyrus (Eriksson et al., 1998).

Recently, the human equivalent of the rodents rostral

migratory stream (RMS) was described, suggesting that

newly born neurons migrate to the olfactory bulb from the

subventricular zone (Curtis et al., 2007). Neural stem cells

obtained from immature tissue of rodents readily prolifer-

ate in culture medium that is supplemented with growth

factors such as basic fibroblast growth factor (bFGF) and

epidermal growth factor (EGF) (Gage, Ray and Fisher,

1995). Investigators often chose to proliferate these cells

in small aggregates called neurospheres. Many groups

have tried to induce DA neurons from embryonic/fetal

neural stem cells by exposing them to a large variety of

soluble growth factors, cytokines and substrates, or alter-

natively by using gene-transfer techniques to express

transcription factors involved in DA neuron development

(Yang et al., 2004; Roybon, Brundin and Li, 2005;

Christophersen et al., 2006; Park et al., 2006; Andersson

et al., 2007; Kim et al., 2007). So far, no culture protocol

has reliably and reproducibly generated large numbers of

transplantable DA neurons from neural stem cells

(Roybon et al., 2008). Why it is so difficult to drive neural

stem cells to a dopaminergic fate is not well understood.

Possibly, some of these so-called neural stem cells are

already progenitors that are partially committed to another

fate. Alternatively, the complex set of transcriptional and

external signals needed to make a DA neuron from neural

stem cells have simply not been possible to faithfully

reproduce in the culture dish. Even if it were possible

to obtain large numbers of DA neurons from rodent

neural stem cells, it would not be always simple to

transfer culture techniques from rodent to human

neural stem cells. Typically, human neural stem cells

display longer doubling time than those of rodents. Be-

sides that, the telomeres of human neural stem cells are

significantly shorter than their rodent counterparts, sug-

gesting that they will senesce more rapidly (Ostenfeld

et al., 2000).

Stem Cells Derived from Non-Neural Tissues

Stem cells are derived from tissues outside the nervous

system have also been explored as potential sources of DA

neurons. They include stem cells from bone marrow, skin,

umbilical cord, and so on. A few years ago, several studies

claimed that such stem cells can differentiate into neurons

and thereby transcend classical tissue lineage boundaries

(Priller et al., 2001; Cogle et al., 2004). This phenomenon

has been named “transdifferentiation” and it is hotly debated

to what extent it really exists (Rice and Scolding, 2004).

Formany studies claiming that transdifferentiation of non-

neural stem cells into neurons can occur, it has subsequently

been possible to explain it as an experimental artifact of the

studied model system. For example, grafted bone marrow-

derived stem cells carrying a cell-specific marker protein

have been reported to differentiate into mature neurons that

then express the same marker protein. Re-interpretation of

these studies indicates that mature neurons expressing the

marker protein do so because they have undergone fusion

with the grafted stem cells (Alvarez-Dolado et al., 2003;

Weimann et al., 2003). This fusion event is rare, but may

explain all those (also rare) instances where transdiffer-

entiation of a non-neural somatic stem cells into mature

neurons has been suggested to take place. In short, trans-

differentiation currently does not appear to be a viable

approach to obtaining DA neurons for grafting in PD. A

different, exciting, recent finding has rekindled the idea that

adult somatic cells may one day be a source of DA neurons.

By overexpressing four transcription factors (Oct3/4, Sox2,

c-Myc and Klf4), it has been possible to induce mouse

fibroblasts to become pluripotent stem cells (Takahashi

and Yamanaka, 2006; Maherali et al., 2007; Okita, Ichisaka

and Yamanaka, 2007; Wernig et al., 2007). Notably, it has

been possible to obtain cells that can differentiate into DA

neurons when applying the same strategy on human fibro-

blasts cells (Takahashi et al., 2007).Consequently, “induced

pluripotent stem cells”, abbreviated iPS cells, have attracted

great interest. They might become a powerful source of

transplantable DA neurons and could even be derived from

the PD patient’s own fibroblasts.

Embryonic Stem Cells

Embryonic stem cells (ESCs) are a particularly interesting

potential donor tissue source for transplantation in PD.

They are highly proliferative and truly pluripotent. Taken

together, they are eminently suited to generate large num-

bers of DA neurons.

Several different cell culture protocols have been used to

generate DA neurons or neural progenitors from mouse

ESCs (Kawasaki et al., 2000; Lee et al., 2000). Some of

these protocols for mouse ESCs have been adapted to suit

human ESCs (Figure 8.2). This adaptation has not always
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been problem-free, in part because human cell development

is much more protracted than murine. The main strategies

have been co-culture with specific feeder cells (e.g., dif-

ferent forms of mesenchymal cells) and addition of defined

soluble factors to the culture medium (e.g., sonic hedgehog

and fibroblast growth factor 8) (Kim et al., 2006). Regard-

ing mouse ESCs, gene-transfer strategies have also been

successfully employed. Genes encoding transcription fac-

tors that promote DA neurons development and survival

(e.g., Lmx1a, Nurr1 and Pitx3) have been overexpressed

(Kim et al., 2002; Kanda et al., 2004; Chung et al., 2005;

Andersson et al., 2006). Using different combinations of

these strategies, mouse ESC cultures containing around

50% TH-immunopositive neurons (Kim et al., 2002) and

human ESC cultures made up of approximately 25--30%
TH-positive neurons have been obtained (Perrier et al.,

2004; Roy et al., 2006). Despite the apparent success in

obtaining TH- positive, dopaminergic neurons from ESCs

in culture, there are at least three major obstacles facing

clinical application of these cells in PD. First, many of the

protocols use animal-derived products in the culture media

or feeder cells. To eliminate the risk of transfer of zoonoses

ormolecules that stimulate immune rejection on the grafted

cells, clinical grade ESCs must be completely xeno-free.

Second, while the functional efficacy of grafted DA neu-

rons derived from mouse ESCs has been well documented

(Kim et al., 2002), this is still not the case for human ESCs-

derived DA neurons xenografted to immunosuppressed

rats. For reasons that are not yet fully understood, it is

more difficult to get good survival and function of TH-

positive neurons derived from human than from mouse

ESCs. Third, another major practical problem lies in the

heterogeneity of the cultured cells. Somewhat unlike the

developing embryonic brain, neural differentiation from

ESCs is not synchronous in the culture dish. SomeESCs can

remain in an undifferentiated pluripotent state, even when

most neighboring cells have initiated neural differentiation.

Additionally, some cells escape neural commitment and

differentiate into other cell types even under the currently

best conditions for neural induction. The fact that some

cells continue to proliferate, either as immature neuroe-

pithelial progenitors or in the form of pluripotent stem cells,

means that there is a risk for tumor or even teratoma

formation after transplantation. Obviously, this risk has to

be completely eliminated before clinical application can be

considered. For these reason, methods that either purge the

proliferating cells or positively select the DA neurons from

the cultures----without jeopardizing their survival after

grafting----need to be developed.

Keeping an Eye on Spheramine

Another cell type has been tested in transplantation studies

in PD, namely human retinal pigment epithelial (hRPE)

cells. In a commercially driven trial, cultured hRPE cells

are attached to gelatin microcarriers (Spheramine) and

injected stereotaxically into the putamen. An open-label

pilot study in patients with advanced PD suggested that at

least there were some short-term benefits (Bakay et al.,

2004). The mechanism of action of grafted hRPE cells on

microcarriers is not well understood. Although hRPE cells

do not form axons or synaptic connections with host tissue

like fetal mesencephalic DA neurons, they can produce

some DA and levodopa. They are also reported to secrete a

number of growth factors, such as platelet-derived growth

factor (PDGF), epidermal growth factor (EGF), fibroblast

Figure 8.2 Neurons derived from human ESCs (HUES-3 cell line). Immunohisotochemical staining with TuJ1 antibody and

their morphology show that human ESCs can differentiate into neurons after three weeks of culture.
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growth factor (FGF), insulin-like growth factor (IGF),

transforming growth factor (TGF), vascular endothelial

growth factor (VEGF), nitric oxide, pigment epithelial-

derived factor (PEDF), and Fas-ligand.

The advantage of hRPE cells is their availability. Aside

from the commercial development of Sphereamine, hRPE

cells can be obtained from eye banks and be expanded easily

in culture. Cells from single donor eyes could potentially

treat several hundred patients. However, a recently comple-

ted Phase IIb clinical trial failed to reach neither it’s primary

nor key secondary endpoints for efficacy so the future of this

strategy in the clinic is uncertain (Spheramine, 2008).

GENE THERAPY FOR PARKINSON’S
DISEASE

The development of novel viral vector-based therapeutics has

made considerable impact in pre-clinical studies during the

last decade. Viral vectors have proven to be powerful tools to

interfere with disease progress or restore normal function in

slow, chronic, neurodegenerative diseases.Results obtained in

models of PD have been particularly encouraging.

To date, the most-studied viral vectors for gene transfer

to the brain are based on adeno-associated virus (AAV),

lentivirus (LV), adenovirus, and to a lesser extent herpes

simplex virus. The recombinant AAV (rAAV) vectors, in

particular, have a functional and safety profile that makes

them very well suited for CNS application in the clinic;

Firstly, these vectors are not known to cause any pathology

in humans (Chen et al., 2005; Schnepp et al., 2005).

Secondly, 96% of the viral genome can be deleted without

loss of the transduction ability. Thus, no viral genes are

retained in the final therapeutic vector preparation. Thirdly,

rAAV vectors can transduce non-dividing cells such as

neurons, and, since the transgene does not integrate in the

chromosomes, the risk of insertional mutagenesis is very

low. Finally, transgene expression is very stable and long-

lasting. Thus, genes transferred using rAAV vectors have

been shown to be functional for over 12 months in rodents

and up to six years in primates.

Due to their unique properties, rAAV vectors have been

approved for the first pioneering clinical gene therapy trials

in PD. There are currently three clinical trials for gene

therapy in PD patients approved by the FDA (Clinical trial

identifier numbers: NCT00195143, NCT00229736 and

NCT00252850; see http://clinicaltrial.gov/ for more de-

tails). In this chapter we will review the rationale behind

these gene therapy approaches and summarize the results

obtained so far.

Continuous DOPA Delivery Strategy

The concept of continuous DOPA delivery to the brain

using in vivo gene therapy is more attractive than oral

L-DOPA administration. ContinuousDOPA deliverymight

reverse DA-dependent motor deficits without generating

the side effects seen with peripheral intermittent L-DOPA

pharmacotherapy. Motor fluctuations and dyskinesias in

PD are thought to develop, at least in part due to the

intermittent and pulsatile nature of orally delivered

L-DOPA acting on supersensitive DA receptors on striatal

GABAergic neurons (Chase, 1998; Nutt, Obeso and

Stocchi, 2000). This is directly supported by data obtained

in patient trials, where continuous delivery of L-DOPA via

duodenal or intravenous pumps, or subcutaneous infusion

of the DA receptor agonist apomorphine can significantly

reduce the severity and frequency ofmotor fluctuations and

dyskinesias (Mouradian et al., 1990; Nutt, Obeso and

Stocchi, 2000; Olanow, Obeso and Stocchi, 2006).

In line with these clinical data, it was recently shown that

when rAAV vectors transduce striatal cells with human TH

and GCH1 genes, continuous DOPA production can be

reinstituted in the brain. The TH-cofactor tetrahydrobiop-

terin (BH4) is important for proper functioning of the TH

enzyme, and it is normally synthesized by the enzyme

GCH1. This importance of GCH1 for DA neurons is

evident from patients with hereditary progressive dystonia,

who exhibit Parkinson-like symptoms due to mutations in

the GCH1 gene (Ichinose et al., 1994). In rats previously

rendered dyskinetic by chronic pulsatile L-DOPA injec-

tions, the severity of abnormal dyskinetic movements

gradually declined by 85% after transduction of TH and

GCH1 genes with rAAV vectors in the striatum (Carlsson

et al., 2005). Moreover, efficient DOPA synthesis using

these vectors also supported substantial improvements in

both drug-induced and spontaneous motor tests in rodent

models of PD (Kirik et al., 2002). These experimental data

show that continuous DOPA delivery is a promising treat-

ment strategy for PD. It is now being tested inMPTP-treated

monkeys with the hope that the first clinical trials using this

approach can be initiated, if the results are positive.

Continuous DA Delivery Strategy

Following degeneration of DA neurons in the substantia

nigra, and their axon terminals in the striatum, not only TH

but also AADC enzyme activity is reduced. Although oral

L-DOPA medication provides symptomatic relief in PD

patients, it has been argued that the residual, striatal AADC

activity might be insufficient for optimal DA synthesis in

the parkinsonian brain. Therefore, the effects of combining

the TH gene transfer approach with supplementation of the

AADCactivity have been evaluated in rodents and primates

(Fan et al., 1998; Shen et al., 2000;Muramatsu et al., 2002).

Muramatsu and colleagues successfully applied triple

gene delivery of TH/GCH1/AADC in a primate brain,

using a three-vector co-injection paradigm. Tremor and

bradykinesia were ameliorated contralateral to the injected
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striatum in the monkeys (Muramatsu et al., 2002). The

animals improved on a primate parkinsonian rating scale by

up to 64% after two weeks and this was stable for 10

months. Hand dexterity particularly improved and some of

the treated monkeys could pick up raisins more quickly.

Whether a single vector containing all three genes can

provide functional improvement after injection into the

brain of a parkinsonian primate remains to be studied.

Although, all studies we have presented so far are based

on rAAVvectors, rLVvectors are superior to rAAVvectors

with regards to cloning capacity andwould be required for a

single vector delivery of the three genes TH/GCH1/AADC.

These vectors have can also mediate long-term expression

in terminally differentiated cells in the brain.

The striatal neurons targeted with the triple gene transfer

protocol do not express any the vesicular monoamine

transporter 2 (VMAT2), as they normally do not produce

monoamines. Therefore they are unable to store theDA that

is produced in the cytoplasm in vesicles. As a consequence,

increased levels of cytoplasmic DA following gene therapy

may inhibit the TH enzyme present in the same cell through

a negative feedback mechanism. A truncated form of TH

(tTH), which lacks 160 amino acids in the N-terminal

regulatory domain, is less inhibited by DA (Moffat

et al., 1997). Using a non-human LV, the equine infectious

anemia virus (EIAV), Azzouz and colleagues showed that a

single transcript unit expressing tTH, GCH1 and AADC

can successfully transduce these genes in rat striatal cells,

forcing co-expression in each infected cell (Azzouz et al.,

2002). Using this construct, Oxford BioMedica conducted

a pre-clinical study to show the efficacy of the treatment

in non-human primates with MPTP lesions. The results

publicly available at this date show increased motor

performance in treated animals, compared to monkeys

with lesions alone. The difference was already significant

at two weeks and was maintained up to 15 months

(ProSavin, 2007).

Enhanced DA Synthesis from Peripheral L-DOPA

An alternative strategy to transduction of the TH/GCH1/

AADC genes is to express the AADC gene alone and

provide L-DOPA by pharmacotherapy (Leff et al., 1998).

In this case, the transgene would have no effect until

L-DOPA was given exogenously, thus providing a safety

measure and the possibility to customize the dosing simply

by adjusting the medication for each patient (Leff et al.,

1998; Bankiewicz et al., 2000). Secondly, as AADC activ-

ity in the striatum is selectively enhanced, it is possible to

reach to higher DA levels in the striatal target areas with a

lower dose of systemic L-DOPA administration. This in

turn may lead to fewer side effects that can occur with high

doses of L-DOPA due to its actions in non-striatal brain

regions.

High levels of AADC expression in circumscribed stria-

tal regions may create unwanted large gradients in tissue

DA concentrations. Bankiewicz and collaborators showed

that such a focal striatal DA production can potentiate the

dyskinetic side effects of L-DOPA. This problem was

persistent at all doses of L-DOPA tested, even below the

therapeutic doses (Bankiewicz et al., 2006a). By contrast,

in a study where more widespread transduction of the

AADC gene was achieved, no serious side effects were

observed. The response to acute L-DOPA was improved

and stable after 12 months, and maintained up to six years

(Bankiewicz et al., 2006b). Interestingly, the first

clinical trial combiningAADCgene deliverywith systemic

L-DOPA has recently been completed (Eberling et al.,

2008) (http://clinicaltrial.gov/show/NCT00229736).

While the AADC-transduced striatal neurons decarbo-

xylate L-DOPA very effectively, they cannot store and

release DA. It is therefore unknown if and how the

synthesized DA exits the cells and reaches striatal DA

receptors. It is also unclear what the long-term conse-

quences are of DA production in striatal neurons, and if

high cytosolic DA levels, coupled with an inefficient

release, will result in cellular dysfunction.

Targeting the Subthalamic Nucleus Through Gene
Therapy

The loss of dopaminergic stimulation in the striatum of PD

patients results in over-activity of the subthalamic nucleus

(STN). This structure sends excitatory projections to both

the substantia nigra pars reticulata and the internal segment

of the globus pallidus. The net effect of this stimulation is an

inhibition of themotor output pathways in the cortex,which

is believed to underlie the motor symptoms in PD. There-

fore, the STN is a therapeutic target in PD. Themost widely

used therapeutic intervention in STN is deep brain stimu-

lation, (DBS, described in detail in Chapter 7). The success

of DBS indicates that manipulation of STN activity is a

valid approach to relieving motor problems in PD. Conse-

quently a gene-therapy approach to reducing STN activity

has been developed. This strategy is based on over-

expression of the glutamic acid decarboxylase (GAD) in

the glutamatergic cells of the STN, resulting in an increased

productionoftheinhibitoryneurotransmitterg-aminobutyric

acid (GABA) instead. Thereby, an intrinsic, inhibitory,

signaling pathway in the overactive projection neurons of

theSTNwouldbe created. If this hypothesis holds true, this

intervention should alleviatePDsymptoms.The first clini-

cal trial testing the safety of rAAV vectors encoding the

GAD gene, were recently reported (Kaplitt et al., 2007)

(http://clinicaltrial.gov/show/NCT00195143). Kaplitt et al.

studied side effects from over-expression of GAD in the

sub-thalamic nucleus in 12patientswithmoderate or advan-

ced PD, displaying motor complications with L-DOPA
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therapy. Theywere followed for 12months after surgery and

assessed for motor performance, complications of therapy,

activities of daily living and metabolic changes in the brain,

usingpositronemission tomography.They improved in both

“on” and “off ” motor scores by threemonths----an effect that
wasmaintained in 10out of 12patients in “off” at 12months.

Therewas no improvement in activities of daily living, but a

significant reduction of glucose metabolism of the thalamus

ipsilateral to the injected STN at 12 months.

A major safety concern with clinical rAAV gene therapy

is the risk of an immune reaction to the vector. This is based

on the fact that up to 80% of the population is expected to

have circulating antibodies against the capsid antigens of at

least one wild-type AAV species. Thus, pre-existing neu-

tralizing antibodies against the therapeutic rAAV vectors

can be a potential complication and must be investigated

carefully (Peden et al., 2004; Sanftner et al., 2004). In a

phase I trial utilizing rAAV2 vectors for the treatment of

Canavan’s disease, neutralizing antibodieswere detected in

a subset (3 out of 10) of the treated patients (McPhee et al.,

2006). In the study by Kaplitt and coworkers, two PD

patients showed evidence of substantial anti-AAV2 immu-

nity (the serotype of the injected rAAV-GAD) at baseline.

Except for a small, transient spike in IgM concentration at

six months, there were no changes in antibody titers

recorded throughout the study.

This trial on GAD gene therapy is the first published

study utilizing rAAV for in vivo gene delivery in adult

patients. Therefore, it has wide-reaching implications for

thewhole field of gene therapy inPD.Apositive outcomeof

this trial should pave theway for other rAAV-based clinical

therapies in the brain, not only in PD (Stoessl, ).

Growth Factor Therapy

In 1954, nerve growth factor was discovered by Rita Levi-

Montalcini. It was the first known molecule with neuro-

trophic properties and marked the starting point for a

novel area of research concerning growth factors for

treatment of neurodegenerative disorders. Due to its

potent actions on DA neurons, glial cell line-derived

neurotrophic factor (GDNF), which was discovered in

1993, has attracted great interest in the last decade. GDNF

therapy differs from some of the other novel therapeutic

strategies we have discussed (e.g., DBS, GAD over-

expression and DA replacement) in that it potentially is

disease-modifying and does not only reduce symptoms.

Thus, once patients are treated with GDNF, the course of

the disease can be altered or even halted completely. In

primate models of PD, GDNF has been shown to provide

robust protection of the nigral dopaminergic neurons

from toxin-induced (MPTP or 6-OHDA) degeneration,

increase the DA levels in the striatum and improve the

animals’ motor function.

The first clinical trial utilizing GDNF was initiated in

1996. The study was based on infusion of recombinant

GDNF protein into the intracerebroventricular space with

mechanical pumps using a randomized, double-blind

design (Nutt et al., 2003). Fifty subjects with moderate or

advanced idiopathic PDwere chosen for this study. Treated

patients received bolus injections of 25--4000mg GDNF

into the ventricles once monthly over 28 months (the first

eight months blinded). The results were disappointing, as

patients did not improve in response to GDNF. Instead,

several adverse events were observed. These included

weight loss, nausea, vomiting, depression and paresthesias

described as an electric shock (L’Hermitte’s sign).

In retrospect, the lack of symptomatic relief has been

attributed to the limited penetration of GDNF from the

cerebrospinal fluid into the brain parenchyma, as demon-

strated by post-mortem analysis in one patient from this

study (Kordower et al., 1999). The adverse events were

probably the results of GDNF actions outside the basal

ganglia; GDNF receptors are widely expressed in the

central nervous system. This study illustrated that focal

delivery of GDNF directly into the parenchyma of the basal

ganglia may be a better strategy.

The second clinical GDNF trial had a phase I safety

design. GDNF was infused using a pump (short pulses of

delivery, several times a day) via an intraparenchymal

catheter into the posterodorsal putamen on both sides of

the brain (Gill et al., 2003). All five patients were L-DOPA

responsive, idiopathic PD cases. The outcome was encour-

aging, with no serious adverse events and clear improve-

ment in motor performance. At the one-year time point, the

patients displayed about 40% improvement in the motor

sub-score of UPDRS and about 60% improvement in the

activities of daily living sub-score, coupled with a decrease

in dyskinesias and increase in [18F]-DOPA uptake in

the putamen. One patient died 46 months after surgery

and histological examination revealed an area of dense

TH-immunoreactivity, presumed to be sprouting of

nigrostriatal fibers, around an injection tract (Love et al.,

2005). A second independent open-label trial by another

group of investigators reported similar positive findings of

motor improvement in 10 patients, as seen in the first trial

(Slevin et al., 2005). After 12 months of GDNF infusion,

these patients were shifted to saline infusion andmonitored

for an additional year. At 9--12 months after cessation of

GDNF infusion, the UPDRS scores returned to baseline

and the patients required increased pharmacotherapy

(Slevin et al., 2007).

Based on these data, a multi-center, blinded, clinical trial

of GDNF delivery into the putamen was conducted (Lang

et al., 2006). The results from this trial differed from the

open-label trials and therewas no symptomatic relief. Some

patients displayed adverse events due to the GDNF infu-

sion, including paraesthesias and headache. Although there
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was an increase in [18F]-DOPA uptake around the infusion

cannula in the posterior putamen of the treated patients,

they actually displayed a tendency towards a worsening of

the UPDRS scores.

The discrepancies between the open-label and blinded

GDNF trials remain unclear. The surgical protocol used in

the blinded trial differed on several points to the one used in

the open-label trials. Most notably, patient selection (milder

disease in the open-label trials) and differences in the

infusion protocol (cannula diameter and number of ports,

etc.) could have played a role. In addition, it is also possible

that placebo effects contributed to the positive outcome of

the open-label trial (Sherer et al., 2006).

For continuous in vivo delivery of trophic factors, two

alternatives to infusion of the growth factor have been

developed. The first is based on an encapsulated cell

bio-delivery platform, where genetically engineered cells

that secrete GDNF have been used. Encapsulated cells can

secrete significant amounts of GDNF for more than one

year in the primate brain and have been placed both in the

intracerebroventricular space and into the striatum (Kishima

et al., 2004). Placement into the parenchyma has yielded

the most promising results so far. The encapsulated cells are

derived from well-characterized, immortalized cell lines

that have been geneticallymodified in vitro to stably express

and secrete GDNF. These cells are encapsulated in semi-

permeable, polymeric, hollow fibers that are heat sealed

after the loading of the cells to prevent migration out of the

capsule. The clinical development of the encapsulated cell

bio-delivery platform is being carried out by a Danish

biotechnology company (see (ECB, 2007) for further infor-

mation on this platform) (Ahn et al., 2005). A multi-center

collaborative effort has now been initiated and plans to carry

out the first clinical trials of encapsulated cells releasing

GDNF in PD patients (LEAPS, 2005).

The second alternative strategy for continuous delivery

ofGDNF into the brains of PDpatients uses viral vectors for

in vivo genes encoding GDNF, or other members of the

same family of trophic factors. Viral vector-mediated

delivery of GDNF into the putamen is very efficient at

protecting the DA system against MPTP-induced damage

in monkeys. The neuroprotection is coupled to major

behavioral benefits. Extensive efficacy data exists for both

rLVand rAAVvectors encodingGDNFor related factors in

rodent and primate models. These data form the basis for

clinical applications. In fact, the first phase I safety trial was

recently completed. The study tested the safety of rAAV-

mediated delivery of neurturin, another member of the

GDNF family that binds to the GDNF receptor with lower

affinity (http://clinicaltrial.gov/show/NCT00252850). In

this study, 12 patients received intraputaminal injections

of rAAV coding for human neuturin gene driven by the

NGF promoter. At nine months follow-up, the patients

appear to tolerate the treatment well. In addition, they are

reported to display a reduction of the UPDRS motor “off ”

scoreby40%, shorteningof “off ” timeby50%anddoubling

of dyskinesias-free “on” time (Marks et al., 2008). Based on

these data, a phase II trial comprising 51 patients has been

initiated.

CONCLUDING REMARKS

Twenty years have passed since the first clinical cell

transplantation trials in PD and 10 years since the first

GDNF trial. In this chapter we have described some of the

obstacles that need to be overcome for these novel therapies

to be widely applicable in PD. In retrospect, the numerous

clinical trials have led us to the conclusion that there are no

“quick fixes” and no short cuts to a new effective treatment.

We need to fully understand the mechanisms of cell

differentiation to DA neurons and we need to master the

delivery of cells and genes into the brain parenchyma in a

safe and reliable way before we are likely to consistently

succeed with these novel therapies in patients. A number of

important pre-clinical discoveries and clinical trials have

been made in recent years, both regarding cell- and gene-

based therapy in PD. Hopefully they will pave the way for

success with both these approaches in the not-too-distant

future.
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Parkinson-Plus Disorders
Martin K€ollensperger and Gregor K. Wenning
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The term “parkinson-plus disorders” or the synonymously

used “atypical parkinsonian disorders” embraces a hetero-

geneous group of movement disorders all characterized by

prominent parkinsonism, accompanied by specific addi-

tional (“plus”) features such as cerebellar ataxia, pyramidal

tract signs, myoclonus, supranuclear gaze palsy and aprax-

ia, which are atypical for idiopathic Parkinson’s disease

(PD). Other features, like dysautonomia or dementia, are

more pronounced than in PD and occur much earlier in

the disease. Beside these additional features, rapid disease

progression and poor or absent response to L-Dopa therapy

is a commonality which raises the suspicion of an atypical

parkinsonian disorder (APD). Currently, multiple system

atrophy (MSA), progressive supranuclear palsy (PSP),

corticobasal degeneration (CBD) and dementia with Lewy

Bodies (DLB) are referred to as APDs. In this chapter we

will focus on available therapeutic evidence and manage-

ment of these disorders.

MULTIPLE SYSTEM ATROPHY

Definition and Clinical features

Multiple system atrophy (MSA) is a degenerative disorder

of the central and autonomic nervous systems characterized

by abnormal a-synuclein aggregation in oligodendroglia

and neurons.

Clinically, cardinal features include autonomic failure,

parkinsonism, cerebellar ataxia, and pyramidal signs, in

any combination. Two major motor presentations can be

distinguished. In the Western hemisphere, parkinsonian

features predominate in 66% of patients (MSA-P sub-

type), cerebellar ataxia is the major motor feature in 34%

of patients (MSA-C sub-type) (Geser et al., 2005). The

reverse distribution is observed in the EasternHemisphere

(Watanabe et al., 2002). MSA-associated parkinsonism is

dominated by progressive akinesia and rigidity, whereas

tremor is less common than in PD. Postural stability is

compromised early on; however, recurrent falls at disease

onset are unusual, in contrast to PSP. The cerebellar

disorder of MSA is composed of gait ataxia, limb kinetic

ataxia, and scanning dysarthria, as well as cerebellar

oculomotor disturbances. Dysautonomia develops in vir-

tually all patients with MSA. Clinically most important is

urogenital dysfunction. Early impotence (erectile dys-

function) is virtually universal in men, and urinary incon-

tinence (77%) or incomplete bladder emptying (60%),

often early in the course or as presenting symptoms,

are frequent. Orthostatic hypotension is present in 71%

(Geser et al., 2005).

The clinical diagnosis of MSA rests largely on history

and physical examination. The consensus criteria (Gilman

et al., 2008) specify three diagnostic categories of increas-

ing certainty: possible, probable and definite. Whereas a

definite diagnosis requires histopathological examination,

the diagnosis of possible and probable MSA is based on the

presence of clinical criteria (Table 9.1) and supportive

features (Table 9.2).

Prevalence

MSA affects both men and women; it usually starts in the

sixth decade and relentlessly progresses, with death occur-

ring after an average of nine years (Wenning et al., 1994).

There are only few epidemiological surveys suggesting that

MSA is an orphan disease with a prevalence rate of 4.4/

100 000 and an incidence rate of 3/100 000/year (Bower

et al., 1997; Schrag, Ben Shlomo and Quinn, 1999).

Pathophysiology and Clinicopathological
Correlations

The cardinal features ofMSAcorrelatewith the distribution

of oligodendroglial and neuronal pathology (Wenning

et al., 1997). Severity of parkinsonism reflects neuronal

loss in substantia nigra pars compacta resulting in profound
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striatal dopamine depletion, lack of L-Dopa response relates

to striatal and brainstem pathology, severity of cerebellar

ataxia correlates with OPCA, cardiovascular autonomic

failure is associated with neuronal cell loss in the inter-

mediolateral cell column, and pyramidal signs appear to be

associatedwith corticospinal tract degeneration. The role of

oligodendroglial a-synuclein inclusions in MSA-associat-

ed neurodegeneration is unclear at present, however, recent

clinicopathological (Ozawa et al., 2004) as well experi-

mental (Shults et al., 2005; Stefanova et al., 2005; Yazawa

et al., 2005) data suggest that neuronal loss in MSA may

result from primary glial inclusion pathology.

Principles of Management

Currently, there is no effective neuroprotective therapy in

MSA. Symptomatic treatment is largely restricted to par-

kinsonism and dysautonomia. Other features, such as cere-

bellar ataxia, appear to be unresponsive to drug treatment.

Neuroprotective Therapy

A placebo-controlled double-blind pilot trial of recombi-

nant human growth hormone (r-HGH) conducted by the

European MSA Study Group (EMSA-SG) has shown a

trend towards reduction of motor progression (measured

bothwithUPDRS andUMSARS)which, however, failed to

reach significance (Holmberg et al., 2007).

More recently, minocycline, an antibiotic with neuro-

protective effects in a transgenic MSA mouse model

(Stefanova et al., 2007), as well as models of related

Table 9.1 MSA Consensus Criteria.

Criteria for the Diagnosis of Definite MSA

Neuropathological findings of widespread and abundant

CNS a-synuclein positive glial cytoplasmic inclusions

(Papp--Lantos inclusions) in association with

neurodegenerative changes in striatonigral or

olivopontocerebellar structures.

Criteria for the Diagnosis of Probable MSA

A sporadic, progressive, adult (>30 yr)-onset disease

characterized by:

-Autonomic failure involving urinary incontinence

(inability to control the release of urine from the

bladder, with ED in males) or an orthostatic fall of

blood pressure within three min of standing by at

least 30mm Hg systolic or 15mm Hg diastolic and

-Poorly levodopa-responsive parkinsonism

(bradykinesia with rigidity, tremor or postural

instability) or

-A cerebellar syndrome (gait ataxia with cerebellar

dysarthria, limb ataxia or cerebellar oculomotor

dysfunction)

Criteria for Autonomic Failure

-Orthostatic fall in BP (30 systolic or 15 diastolic

mmHg) or

-Urinary incontinence (accompanied by erectile

dysfunction in men)

Criteria for Possible MSA

A sporadic, progressive adult (>30 yr)-onset disease

characterized by:

-Parkinsonism (bradykinesia with rigidity, tremor or

postural instability) or

-A cerebellar syndrome (gait ataxia with cerebellar

dysarthria, limb ataxia, or cerebellar oculomotor

dysfunction and

-At least one feature suggesting autonomic

dysfunction (otherwise unexplained urinary

urgency, frequency or incomplete bladder emptying,

erectile dysfunction in males, or significant

orthostatic blood pressure decline that does not meet

the level required in probable MSA) and

-At least one of the additional features shown in

Table 9.2B

(Adapted from Gilman, S. et al. (2008) Second consensus state-
ment on the diagnosis of multiple system atrophy. Neurology,
71 (9): 670--676). Copyright � 2008, Lippincott Williams &
Wilkins.

Table 9.2 Additional Features of Possible MSA.

A. Possible MSA-P or MSA-C:

-Babinski sign with hyperreflexia

-Stridor

B. Possible MSA-P

-Rapidly progressive parkinsonism

-Poor response to levodopa

-Postural instability within 3 yr of motor onset

-Gait ataxia, cerebellar dysarthria, limb ataxia, or

cerebellar oculomotor dysfunction

-Dysphagia within 5 yr of motor onset

-Atrophy on MRI of putamen, middle cerebellar

peduncle, pons or cerebellum

-Hypometabolism on FDG-PET in putamen,

brainstem or cerebellum

C. Possible MSA-C

-Parkinsonism (bradykinesia and rigidity)

-Atrophy on MRI of putamen, middle cerebellar

peduncle or pons

-Hypometabolism on FDG-PET in putamen

-Presynaptic nigrostriatal dopaminergic denervation

on SPECT or PET

(Adapted from Gilman, S. et al. (2008) Second consensus state-
ment on the diagnosis of multiple system atrophy. Neurology,
71 (9): 670--676). Copyright � 2008, Lippincott Williams &
Wilkins.
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neurodegenerative disorders (Zhu et al., 2002; Casarejos

et al., 2006) proved ineffective in a phase II neuroprotection

trial by EMSA-SG and the German Parkinson Network

(KNP) (Dodel et al., personal communication).

The recent NNIPPS (Neuroprotection and Natural His-

tory in Parkinson Plus Syndromes) trial investigating the

effects of riluzole, an antiglutamatergic agent, on mortality

and disease progression in atypical parkinsonian disorders,

including MSA, was negative (Leigh et al., 2007) A small

randomized, controlled trial excluded symptomatic benefit

of riluzole in MSA-P patients (Seppi et al., 2006).

The success of further neuroprotection trials in MSA

crucially depends on defining appropriate pathogenetic

targets that are likely to mediate the progression of the

disease.

Symptomatic Therapy

Parkinsonism

Only a small number of randomized controlled trials have

been conducted in MSA, the practical management is

largely based on empirical evidence or single randomized

studies.

Dopaminergic Agents

L-Dopa is widely regarded the anti-parkinsonian therapy of

choice in MSA, although a randomized controlled trial of

L-Dopa has never been performed. Despite MSA patients

being commonly believed to be non- or poorly responsive

to dopaminergic therapy, efficacy has been documented in

up to 40%, often lasting up to a few years (Wenning et al.,

2004). However, the benefit is transient in most of these

subjects, leaving 90% of the MSA-P patients L-Dopa-

unresponsive in the long term (Geser and Wenning,

2006). L-Dopa responsiveness should be tested by admin-

istering escalating doses over a three-month period up to

a least 1000mg per day (if necessary and if tolerated)

(Gilman 1998). L-Dopa-induced dyskinesias affecting orofa-

cial and neck muscles occur in 50% of MSA-P patients,

sometimes in the absenceofmotor benefit (Boesch et al., 2002).

No controlled trials with dopamine agonists are avail-

able, these compounds seem nomore effective than L-Dopa

and often poorly tolerated. Lisuride was effective in only

one of seven MSA patients (Lees and Bannister, 1981).

Heinz et al. reported the benefit of continuous subcutane-

ous lisuride infusion in four patients with sporadic olivo-

pontocerebellar atrophy (OPCA) and severe signs of

parkinsonism (Heinz et al., 1992). Goetz and colleagues,

using doses of 10--80mg daily of bromocriptine, reported a

benefit in five patients who had previously responded to

L-Dopa and one patient who had failed to respond to L-Dopa

(Goetz, Tanner andKlawans, 1984). There are no reports on

other ergolene or non-ergolene dopamine agonists, such as

pergolide, cabergoline, ropinirole or pramipexole.

Pathological hypersexuality predominantly linked to

adjuvant dopamine agonist therapy has been reported in

two patients with MSA (Klos et al., 2005).

MSA patients frequently report the appearance or wors-

ening of postural hypotension after initiation of dopami-

nergic therapy, which may limit further increase in dosage.

Anti-cholinergic Agents

Anti-cholinergics usually do not improvemotor symptoms,

but they may be helpful when sialorrhea is severe and

disturbing.

NMDA Receptor Antagonists

Despite anecdotal benefit in single cases (Wenning et al.,

1994), a short-term open trial with amantadine at high

doses (400--600mg/day) in five patients with MSA unre-

sponsive to L-Dopa was negative (Colosimo, Merello and

Pontieri, 1996). These disappointing results were con-

firmed more recently in a randomized placebo-controlled

trial (Wenning, 2005).

SSRIs

In a recent randomized controlled trial of 19MSA patients,

paroxetine (PXT) 30mg tid resulted in a significant

improvement of the motor abilities of the upper limbs and

speechwhen compared to placebo. The treatmentwith PXT

was generally well tolerated. The degree of depressive

symptoms was not significantly influenced by PXT or

placebo during the observation period (Friess et al., 2006).

Surgical Therapy

Whereas ablative neurosurgical procedures such as medial

pallidotomy fail to improve parkinsonism in MSA (Lang

et al., 1997), bilateral subthalamic stimulation has been

reported beneficial in four patients with MSA-P (Visser-

Vandewalle et al., 2003), whereas a poor responsewas seen

in other cases (Lezcano et al., 2004; Santens et al., 2006).

At present there is no role for DBS procedures in the routine

management of MSA patients.

Non-Pharmacological Treatments

Because of the poor efficacy of anti-parkinsonian therapies

in MSA, non-pharmacological interventions, such as phys-

iotherapy, speech and occupational therapy are all the more

important. Indeed, a recent study showed substantial bene-

fit of occupational therapy in a series of 17 MSA patients

(Jain et al., 2004). Treated patients showed a reduction of

20% in UPDRS-ADL scores, as well as the PDQ-39 index
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score, whereas the control group deteriorated significantly

over the two months study period.

Dystonia

Local injections of botulinum toxin are effective in orofa-

cial as well as limb dystonia associated with MSA (Muller

et al., 2002). Severe dysphagia with the necessity of

nasogastric feeding has been reported after treatment of

disproportionate antecollis with botulinum toxin and this

type of treatment is not currently recommended (Thobois

et al., 2001).

In addition, local botulinum toxin injections into parotid

and submandibular glands have been effective in PD-

associated sialorrhea in two double-blind placebo-

controlled trials (Mancini et al., 2003; Lagalla et al.,

2006). In contrast to anti-cholinergics, central side effects

can be avoided.

Autonomic Symptoms

Treatment of autonomic dysfunction is crucial to avoid

complications like ascending urinary tract infections or

orthostatic hypotension (OH), which could lead to falls.

In addition, autonomic dysfunction is associated with

reduced quality of life (Schrag et al., 2006; Kollensperger

et al., 2007). Unfortunately, most of the available therapies

have not been evaluated in randomized-controlled trials.

Orthostatic Hypotension

Non-pharmacological options to treat OH include suffi-

cient fluid intake, high-salt diet, more frequent, but smaller,

meals per day to reduce post-prandial hypotension by

spreading the total carbohydrate intake, compression stock-

ings or custom-made elastic body garments. Ingestion of

approx. 0.5 L of water in less then 5min has been shown to

substantially raise blood pressure in patients with autonom-

ic failure, includingMSA (Shannon et al., 2002; Young and

Mathias, 2004). During the night, head-up tilt, not only

reduces hypertensive cerebral perfusion pressure, but also

increases intravasal volume up to 1 L within a week, which

is particularly helpful to improve hypotension early in the

morning. Constipation can affect the overall well-being and

is relieved by an increase in intraluminal fluid, which may

be achieved by macrogol-water solution (Eichhorn and

Oertel, 2001).

Midodrine showed significant benefit in randomized

placebo-controlled trials (Jankovic et al., 1993; Low

et al., 1997) in patients with OH, but may exacerbate

urinary retention. Comparable effects to midodrine can

also be obtained with phenylpropanolamine in low doses

or yohimbine or indomethacin in moderate doses (Jordan

et al., 1998). Another promising drug seems to be the

norepinephrine precursor L-threodihydroxy-phenylserine

(L-threo-DOPS), which has been used for this indication

in Japan for years, and whose efficacy has now been shown

by two double-blind placebo-controlled trials including

patients with MSA (Mathias et al., 2001; Kaufmann

et al., 2003).

The somatostatin analog, octreotide, has been shown to

be beneficial in post-prandial hypotension in patients with

pure autonomic failure (Alam et al., 1995), presumably

because it inhibits release of vasodilatory gastrointestinal

peptides (Raimbach et al., 1989); importantly, it does not

enhance nocturnal hypertension (Alam et al., 1995).

Urinary Dysfunction

Whereas pro-cholinergic substances are usually not suc-

cessful to adequately reduce post-void residual volume in

MSA, anti-cholinergics like oxybutynin can improve

symptoms of detrusor hyperreflexia or sphincter-detrusor

dyssynergy in the early course of the disease (Beck, Betts

and Fowler, 1994). However, central side effects may be

limiting. In a large multi-centre randomized, controlled

study in patients with detrusor hyperreflexia, trospium

chloride, a peripherally acting quaternary anti-cholinergic,

has been shown to be equally effective with better tolera-

bility (Halaska et al., 2003). However, trospium has not

been investigated in MSA and, further, it appears that

central and peripheral anti-cholinergics are equally effec-

tive and tolerated in non-demented PD patients (2002). At

present, there is no evidence for ranking the efficacy and

safety of anti-cholinergics in the management of detrusor

hyperreflexia associated withMSA.a-Adrenergic receptor
antagonists like prazosin and moxisylyte have been shown

to improve voiding, with reduction of residual volumes in

MSA patients (Sakakibara et al., 2000).

The vasopressin analog, desmopressin, which acts on

renal tubular vasopressin-2 receptors, reduces nocturnal

polyuria and improves morning postural hypotension

(Mathias et al., 1986).

The peptide erythropoietin may be beneficial in some

patients by raising red cell mass, secondarily improving

cerebral oxygenation (Perera, Isola and Kaufmann, 1995;

Winkler et al., 2001).

Surgical therapies for neurogenic bladder problems

should be avoided in MSA, because post-operative wors-

ening of bladder control is very likely (Beck, Betts and

Fowler, 1994), but, for example, severe prostate hypertro-

phy with urinary retention and secondary hydronephrosis

can not be left untreated.

With post-micturition volumes >150ml, clean intermit-

tent catheterization three to four times per day may be

necessary to prevent secondary consequences. A perma-

nent transcutaneous suprapubic catheter may become nec-

essary if mechanical obstruction in the urethra or motor

symptoms of MSA prevent uncomplicated catheterization.
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Erectile Dysfunction

After an initial report on the efficacy in the treatment of

erectile dysfunction in PD (Zesiewicz, Helal and Hauser,

2000), sildenafil citrate has been shown to be effective in

a double-blind placebo-controlled randomized trial in

patients with PD and MSA (Hussain et al., 2001). Since

it may unmask or exacerbate orthostatic hypotension,

measurement of lying and standing blood pressure before

prescribing sildenafil to men with parkinsonism is recom-

mended. Erectile failure in MSA may also be improved by

oral yohimbine or by intracavernosal injection of papaver-

ine or a penis implant (Beck, Betts and Fowler, 1994).

Inspiratory Stridor

Inspiratory stridor develops in about 30% of patients.

Continuous positive airway pressure (CPAP) may be help-

ful in some of these patients, suitable as long-term therapy

(Iranzo et al., 2004; Ghorayeb et al., 2005; Nonaka et al.,

2006). A tracheostomy is rarely needed and performed.

Non-Medical Therapy

Because the results of drug treatment forMSAare generally

poor, other therapies are all the more important. Physio-

therapy helps maintain mobility and prevent contractures,

and speech therapy can improve speech and swallowing

and provide communication aids (Jain et al., 2004). Dys-

phagia may require feeding by means of a nasogastric tube

or even percutaneous endoscopic gastrostomy. Occupa-

tional therapy helps to limit the handicap resulting from

the patient’s disabilities and should include a home visit.

Provision of a wheelchair is usually dictated by the liability

to falls because of postural instability and gait ataxia, but

not by akinesia and rigidity per se. Psychological support

for patients and partners needs to be stressed (Table 9.3).

PROGRESSIVE SUPRANUCLEAR PALSY

Definition and Clinical Features

Progressive supranuclear palsy (PSP) is a chronic progres-

sive neurodegenerative disorder characterized by supra-

nuclear vertical gaze palsy, postural instability and

frontolimbic dementia (Steele, Richardson and Oslzewski,

1964).

Patients with PSP classically present with symmetric

parkinsonism unresponsive to L-Dopa with prominent

extensor rigidity and dystonia of neck muscles resulting

in an erect posture with neck hyperextension. Postural

stability is severely impaired resulting in recurrent falls,

typically backwards, early in the course of the disease

(Litvan et al., 1996; Nath et al., 2003).

Table 9.3 Pragmatic Management of MSA.

The management of MSA is largely empirical in the

absence of evidence from randomized placebo-

controlled drug trials and it is targeted at the following

clinical features:

Parkinsonism

First choice: L-Dopa (up to 1000mg/day, if tolerated and

necessary)

Secondchoice:Dopamineagonists (PDtitration schemes)

Third choice: Amantadine: (100mg tid)

Physiotherapy

Occupational therapy

Speech therapy

Dytonia (orofacial and limb, antecollis excluded)

First choice: Botulinum toxin

Cerebellar Ataxia

No drug therapy available

Physiotherapy

Occupational therapy

Speech therapy

Autonomic Symptoms

Orthostatic Hypotension

First choice: Non-pharmacological strategies: elastic

support stockings or tights, high-salt diet, frequent

small meals, head-up tilt of the bed at night

If needed: add fludrocortisone (0.1--0.3mg) at night.

If needed: add midodrine (2.5--10mg tid) (combined

with fludrocortisone)

If needed: replace midodrine by ephedrine (15--45mg

tid) or L-threo-DOPS (100mg tid)

Urinary failure----urge incontinence
Trospium chloride (20mg bid or 15mg tid)

Oxybutynin (2.5--5mgbid to tid)NB: central side effects

Tolterodine (2mg bid)

Urinary failure----incomplete bladder emptying
Post-micturition residue of >100ml is an indication

for intermittent self-catheterization

In the advanced stages of MSA a urethral or

suprapubic catheter may become necessary.

Erectile failure

First choice: Sildenafil (50--100mg)

Second choice: Oral yohimbine (2.5--5mg)

Third choice: Intracavernosal injection of papaverine

Palliative Therapy

Botulinum toxin for sialorrhea

CPAP (for prominent stridor)

PEG

Tracheostomy (rarely needed)
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Supranuclear vertical gaze palsy with complete loss of

vertical eye movements, slowing of vertical and hori-

zontal saccades and hypometric saccades are considered

pathognomonic features. This leads, in combination with

facial immobility and elevated eyebrows, to a character-

istic staring facial expression. Pseudobulbar syndromes

lead to a characteristic growling and groaning speech.

PSP is also characterized by a “subcortical” or “frontal

lobe-type” dementia with cognitive slowing, dysexecutive

syndrome and other frontal lobe deficits including utiliza-

tion behavior.

The NINDS diagnostic criteria for PSP, primarily

developed as clinical research criteria, have been estab-

lished as gold standard over the last 10 years (Litvan

et al., 1996) (Table 9.4), although highly specific sensi-

tivity is rather low (Osaki et al., 2004) possibly reflecting

phenotypic variation. Recent findings (Williams et al.,

2005) suggest that there may be two sub-types of the

disease, with two-thirds of patients showing classical

features (Richardson’s syndrome) and one-third a more

benign PD-like phenotype with asymmetric onset, rest

tremor and a moderate therapeutic response to levodopa

(PSP-P sub-type).

Prevalence

The mean age at disease onset is around 60 years and mean

survival is six years (Litvan et al., 1996). The disease is

rapidly progressive and leads towheelchair- and bed-bound

later stages.

Prevalence rates lie between 5.0 and 6.4/100 000

(Schrag, Ben Shlomo and Quinn, 1999; Nath et al.,

2001), but might be higher due under-recognition and

misdiagnosis (Nath et al., 2001; Williams et al., 2005).

The cause is unknown; genetic studies have indicated that a

specific haplotype of the tau gene is over-represented in

PSP and CBD, indicating a common genetic background of

these tauopathies (Di Maria et al., 2000).

Pathophysiology and Clinicopathological
Correlations

The progressive axial motor disorder and frontal dementia

syndrome associated with PSP reflects multi-focal neuro-

nal pathology including neurofibrillary tangles containing

abnormally phosphorylated tau protein in the basal ganglia,

brainstem and frontal cortex (Steele, Richardson and Osl-

zewski, 1964; Morris et al., 2002). Neuropil threads, tufted

astrocytes and glial tau inclusions are also found in these

brain areas. In addition to these changes, there are multiple

neurotransmitter abnormalities, including dopamine, ace-

tylcholine, g-aminobutyric acid and noradrenaline systems
(Rajput and Rajput, 2001).

Principles of Management

Neuroprotective Therapy

Currently disease-modifying agents are not available for

PSP. The results of the NNIPPS trial indicate no neuro-

protective effects of Riluzole (Leigh et al., 2007). Other

targets for neuroprotective in PSP currently investigated

include abnormal tau phosphorylation by glycogen

synthase kinase 3 (GSK-3), which can be suppressed by

lithium, suppression of microglial activation and more

experimental strategies like reduction of four-repeat tau

by RNA interference or delivery of trophic factors (Burn

and Warren, 2005). In a recent short-term randomized

placebo-controlled trial co-enzyme Q10 not only provided

mild clinical benefit but also improved cerebral

energy metabolism which may lead to long-term benefit.

(Stamelou et al., 2008).

Symptomatic Therapy

Since only few controlled trials have been performed in

PSP, symptomatic therapy is largely based on empirical

evidence (van Balken and Litvan, 2006).

Dopaminergic Agents

Treatment with L-Dopa is indicated, since up to 35% of

patientsshowatleastapartial response,eventhoughtransient

inmostcases(Litvanetal.,1996;Kompolitietal.,1998;Nath

et al., 2003).More recent clinicopathological studies suggest

that PSP-P with an L-Dopa-responsive PD-like syndrome

mayalsoshowadistincttauphenotype(Williamsetal.,2005;

Williams et al., 2007) Dopamine receptor agonists proved

partially effective in the overall PSP population with an

response of 24% (van Balken and Litvan, 2006). Modest

transient anti-parkinsonian efficacy has been observed for

bromocriptine (Kompoliti et al., 1998) and pergolide

(Jankovic, 1983). In contrast, lack of anti-parkinsonian

efficacy was reported for lisuride (Neophytides et al.,

1982) and pramipexole (Weiner, Minagar and Shulman,

1999) in two small open-label studies.

The monoamine oxidase B inhibitor selegeline has been

described retrospectively as similarly effective.

Serotonergic Agents

Amitryptiline has been shown to improve, not only quality

of life, but also parkinsonian features in a double-blind

placebo-controlled trial; however, only four patients were

studied. (Newman, 1985). Tandospirone citrate, a 5HT-1A

agonist currently available only in Japan and China, also

has been described as effective on motor symptoms in PSP

(Fujino et al., 2002).
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Serotonin Antagonists

Methysergide has been reported to improve swallowing,

speech, parkinsonian features and oculomotor disturbances

in an open-label study of 12 patients (Rafal and Grimm,

1981), but this observation could not be confirmed by

others (Paulson, Lowery and Taylor, 1981; Duncombe and

Lees, 1985) and there is concern about the risk of fibrosis.

Noradrenergic Agents

Double-blind placebo-controlled trials reported benefits

on mobility, balance, gait, and finger dexterity for the

a-adrenergic antagonist idazoxan (Ghika et al., 1991), but
not for themore potent and selective efaroxan (Rascol et al.,

1998). Desipramin showed an improvement preferentially

on apraxia of eyelid opening in two out of four patients in a

double-blind placebo-controlled trial (Newman, 1985).

Glutamatergic Agents

Zolpidem was shown to improve saccadic eye movements

and parkinsonism in a double-blind cross-over study of 10

patients with probable PSP; however, the benefit was

limited by drowsiness, particularly at dosages higher than

5mg/d (Daniele, Moro and Bentivoglio, 1999).

Cholinergic Agents

Administration of cholinergic agents is not beneficial; they

may actually worsen both motor and cognitive function, as

reported for donepezil, a centrally acting cholinesterase

inhibitor, in a double-blind placebo-controlled trial with 21

PSP patients (Litvan et al., 2001). Fabbrini and colleagues

also reported lack of efficacy for donepezil in an open-label

trial of six PSP patients (Fabbrini et al., 2001). Physostig-

mine showed efficacy on oculomotor (Blin et al., 1995) and

cognitive function (Kertzman, Robinson and Litvan, 1990)

in two double-blind placebo-controlled trials; however, it

was ineffective in another trial (Litvan et al., 1994). RS-86,

an M1--M2 muscarinic agonist, also showed no effect on

motor and cognitive function in 10 PSP patients during

a nine-week double-blind randomized, controlled trial

(Foster et al., 1989).

Anti-cholinergics

Whereas case reports on benztropine describe minor posi-

tive anti-parkinsonian effects for benztropine (Haldeman

et al., 1981), there was motor and cognitive worsening on

scopolamine (Litvan et al., 1994)

Botulinum Toxin A

Botulinum toxin A has been reported effective for cervical

and limb dystonia, as well as orofacial dystonia, especially

involuntary eye closure (Piccione et al., 1997; Muller

et al., 2002).

Surgical Therapies

Anecdotal experiences with patients misclassified as PD

have produced negative results for deep brain stimulation

(Okun et al., 2005).

Implantation of adrenal medullary tissue into the caudate

nucleus has been performed in a fewPSPpatients; however,

the procedure proved to be ineffective, as well as hazard-

ous, with substantial peri-operative morbidity and mortali-

ty (Koller et al., 1989; Waxman et al., 1991).

Non-Medical Therapy

Since gait instability shows only minimal or no response to

drug therapy, weighted walkers should be considered.

Swallowing disturbances should be regularly evaluated by

speech therapists to avoid aspiration pneumonia. Dyspha-

gia can bemanaged by the use of straws, food thickeners, or

soft processed food. The question of whether a nasogastric

tube or percutaneous endoscopic gastrostomy could reduce

the chances of aspiration pneumonia needs further assess-

ment. Patients can also be helped by a variety of commu-

nication aids. Visual prisms are rarely of help; patients may

instead resort to books on tape. Artificial tears are useful to

avoid exposure keratitis secondary to decreased eye blink

rate (Table 9.5).

DEMENTIA WITH LEWY BODIES

Definition and Clinical Features

Dementia with Lewy bodies (DLB) is characterized by

co-existent parkinsonism and progressive cognitive

decline, with particular deficits of visuospatial ability and

frontal executive function, accompanied by spontaneous

recurrent visual hallucinations and marked fluctuations in

alertness and cognitive performance (McKeith et al., 2005).

Psychotic symptoms, in particular hallucinations and

visual delusions have been found in between 25 and

80% of patients in various series (Ballard et al., 1998;

Morris, Olichney and Corey-Bloom, 1998). Despite the

differences between studies, it is probably correct to esti-

mate that two-thirds of DLB patients will have prominent

psychotic behavior in the course of their illness. Halluci-

natory psychosis often goes along with confusion, agita-

tion, and sleep disorders and constitutes amajor therapeutic

challenge (Lauterbach, 2004).

The two main differential diagnoses for DLB include

Alzheimer’s disease (AD) and PD. AD is accompanied by

extrapyramidal motor features in up to 30% of cases, and

most patients diagnosed with DLB also show some

Alzheimer change on post-mortem brain examination. On
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the other hand, between 20 and 40% of patients with PD

will become demented in the course of their illness (Emre,

2003). To improve the differential diagnosis of DLB,

consensus criteria have been developed that establish pos-

sible and probable levels of diagnostic accuracy, restricting

a diagnosis of DLB only to patients with parkinsonismwho

have dementia develop within 12 months of the onset of

motor symptoms (McKeith et al., 2005) (Table 9.6).

Prevalence

Brain bank data suggested that DLB may represent the

secondmost frequent cause of dementia in the elderly, after

Alzheimer’s disease, accounting for up to 30.5% of cases

(Zaccai, McCracken and Brayne, 2005). Prevalence

rates from prospective door-to-door surveys range from

0.1% in the general population to 5% in the population aged

75þ . (Yamada et al., 2001; Stevens et al., 2002; Rahkonen

et al., 2003).

Pathophysiology and Clinicopathological
Correlations

The pathological hallmark is diffuse Lewy-body deposition

in limbic and neocortical areas, commonly associated with

Alzheimer-type pathology in addition to nigral deposition,

as found in PD. Although the correlation between Lewy-

body pathology and severity of dementia is inconsistent and

variable, Lewy bodies prominently expressing a-synuclein

plays a key role in the pathophysiology of DLB-related

cognitive and motor features (Cummings, 1995). In addi-

tion, several studies have found cholinergic denervation

similar to that in AD (Perry et al., 1999). Nigrostriatal

dopaminergic denervation accounts for parkinsonian fea-

tures in DLB and appears to progress more rapidly com-

pared to PD (Ransmayr et al., 2001). The lack of sustained

L-Dopa benefit inDLBmay reflect aggressive nigral Lewy-

body pathology, a limited therapeutic window due to

autonomic and/or psychiatric side effects as well as dopa-

mine receptor dysfunction due to putaminal Lewy neuritic

pathology (Walker et al., 2002).

Principles of Management

Neuroprotective Therapy

Up to now studies aimed at disease modification have not

been conducted in DLB. Since DLB shares its underlying

a-synuclein pathology with PD, candidate neuroprotective
agents for PD are also highly relevant for DLB. A detailed

discussion of neuroprotective strategies in PD and related

disorders is given elsewhere (Chapter 8).

Symptomatic Therapy

Progressive parkinsonism, dementia and associated psy-

chiatric features, as well as autonomic symptoms, are at the

centre of therapeutic needs in this disorder. Although there

is no satisfying treatment yet available, a number of impor-

tant advances have been made in recent years.

Dementia and Psychiatric Features

Cholinesterase Inhibitors

Rivastigmine is the only cholinesterase inhibitor (ChEI)

tested in a prospective placebo-controlled double-blind

trial in 92 patients with probable DLB and mild to moder-

ately severe dementia. Significantly more patients in the

treatment arm (63% vs 32%) showed a >30% improvement

in cognitive function. Adverse effects (nausea, vomiting,

anorexia, and somnolence) were slightly more frequent

(92% vs 75%) than with placebo. Parkinsonian symptoms,

as assessed by the UPDRS, did not change (McKeith et al.,

2000). A three-month open-label extension study in 11 of

these patients showed a significant reduction of NPI scores

over baseline. In 5 of these 11 patients, clinical improve-

ment was judged very relevant. In addition, parkinsonism,

as assessed by theUPDRS, also showed some improvement

(McKeith et al., 2000). A recent study showed that

Table 9.5 Pragmatic Management of PSP.

Due to the small number of randomized controlled trials the

practical management of PSP is largely based on

empirical evidence. Treatment is largely targeted at the

motor presentation.

Parkinsonism

L-dopa (up to 1000mg/day, if tolerated -- benefit in up to
35%of patientswith higher rates in the PSP-P subtype)

Amitriptyline (orally up to 25mg tid -- benefit in 35% of

patients (n¼ 20))

Zolpidem (5--10mg od -- benefit in 100% of patients

(n¼ 10))

Physiotherapy

Occupational therapy

Speech therapy

Dysphagia

Consider nasogastric tube or PEG

Dystonia

Botulinum toxin (tarsal and pretarsal blepharospasm,

limb dystonia).

Urinary Failure

As for MSA (see Table 9.3)
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rivastigmine produces comparable cognitive benefits in

patients with DLB and AD, and, in addition, a significant

improvement of behavioral disorders (Rozzini et al., 2007).

Donepezil is another ChEI with proven efficacy in AD.

Contrary to rivastigmine, it has not been tested in a

controlled fashion in DLB. However, several open-label

observational studies and case reports describe improve-

ments in cognitive function, as well as behavioral

benefits with reduced agitation and aggressive behavior

(Lanctot and Herrmann, 2000; Skjerve and Nygaard, 2000;

Rojas-Fernandez, 2001; Thomas et al., 2005; Mori et al.,

2006; Rowan et al., 2007). Several reports emphasize

Table 9.6 Revised criteria for the clinical diagnosis of dementia with Lewy bodies (DLB).

1. Central feature (essential for a diagnosis of possible or probable DLB)

Dementia defined as progressive cognitive decline of sufficient magnitude to interfere with normal social or occupational

function.

Prominent or persistentmemory impairmentmay not necessarily occur in the early stages but is usually evidentwith progression.

Deficits on tests of attention, executive function, and visuospatial ability may be especially prominent.

2. Core features (two core features are sufficient for a diagnosis of probable DLB, one for possible DLB)

Fluctuating cognition with pronounced variations in attention and alertness

Recurrent visual hallucinations that are typically well formed and detailed

Spontaneous features of parkinsonism

3. Suggestive features (If one or more of these is present in the presence of one or more core features, a diagnosis of probable

DLB can be made. In the absence of any core features, one or more suggestive features is sufficient for possible DLB.

Probable DLB should not be diagnosed on the basis of suggestive features alone.)

REM sleep behavior disorder

Severe neuroleptic sensitivity

Low dopamine transporter uptake in basal ganglia demonstrated by SPECT or PET imaging

4. Supportive features (commonly present but not proven to have diagnostic specificity)

Repeated falls and syncope

Transient, unexplained loss of consciousness

Severe autonomic dysfunction, for example, orthostatic hypotension, urinary incontinence

Hallucinations in other modalities

Systematized delusions

Depression

Relative preservation of medial temporal lobe structures on CT/MRI scan

Generalized low uptake on SPECT/PET perfusion scan with reduced occipital activity

Abnormal (low uptake) MIBG myocardial scintigraphy

Prominent slow wave activity on EEG with temporal lobe transient sharp waves

5. A diagnosis of DLB is less likely

In the presence of cerebrovascular disease evident as focal neurologic signs or on brain imaging

In the presence of any other physical illness or brain disorder sufficient to account in part or in total for the clinical picture

If parkinsonism only appears for the first time at a stage of severe dementia

6. Temporal sequence of symptoms

DLB should be diagnosed when dementia occurs before or concurrently with parkinsonism (if it is present). The term

Parkinson’s disease dementia (PDD) should be used to describe dementia that occurs in the context of well-established

Parkinson’s disease. In a practice setting the term that is most appropriate to the clinical situation should be used and

generic terms such asLBdisease are often helpful. In research studies inwhich distinction needs to bemade betweenDLB

and PDD, the existing one-year rule between the onset of dementia and parkinsonismDLB continues to be recommended.

Adoption of other time periods will simply confound data pooling or comparison between studies. In other research

settings that may include clinicopathological studies and clinical trials, both clinical phenotypes may be considered

collectively under categories such as LB disease or alpha-synucleinopathy.

Adapted from McKeith, I.G., Dickson, D.W., Lowe, J., Emre, M., O’Brien, J.T., Feldman, H. et al. (2005). Diagnosis and management
of dementia with Lewy bodies: third report of the DLBConsortium.Neurology, 65 (12): 1863--1872. Copyright� 2005, LippincottWilliams
& Wilkins
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improvements in pre-existing hallucinations and delusions

(Aarsland et al., 1999; Fergusson and Howard, 2000;

Samuel et al., 2000), but there are also observations

on worsening of parkinsonism (Shea, MacKnight and

Rockwood, 1998).

A few small-scale open-label uncontrolled studies have

been conducted on the use of tacrine in DLB (Levy et al.,

1994; Lebert et al., 1998; Querfurth et al., 2000). Doses

were between 80 and 120mg/day and results varied

considerably.

One multi-centre open-label study of the ChEI galanta-

mine has shown significant improvement in NPI scores, as

well as Clinician’s Global Impression of Change in 25

patients with DLB. In addition, there was significant

improvement in cognitive function, activities of daily living,

sleep and confusion assessments without adverse effects

on parkinsonism (Edwards et al., 2004; Edwards et al.,

2007).

ChEIs are effective symptomatic treatments in DLB. In

addition there may also be additional disease-modifying

effects by reducing cortical b-amyloid deposition, which
may be relevant to the disease course of dementia patients
(Ballard et al., 2007).

Neuroleptics

Neuroleptic drugs can induce severe complications, includ-

ingmarked increases in parkinsonismwith rigidity, postural

imbalance and falls, sometimes accompanied by mental

status changes and other features of the neuroleptic malig-

nant syndrome associated with increased mortality

(McKeith et al., 1992). Risperidone is a benzisoxazole

derivative with both 5HT-2 and D2 receptor affinity.

Open-label retrospective observations in small series sug-

gest that it can induce marked worsening of parkinsonism

even aggravate confusion and agitation (McKeith, Ballard

and Harrison, 1995), even at low doses (Rich et al., 1995;

Ballard et al., 1998). Its general use in DLB is not

recommended despite favorable case reports (Kato et al.,

2002).

Clozapine is a dibenzodiazepine derivative with potent

anti-psychotic properties and is virtually free of extrapyra-

midal side effects when used in schizophrenic patients

(Kane et al., 1988). There are no controlled trials of

clozapine in the treatment of psychosis in DLB. Whereas

two patients, who had worsening of parkinsonism and

confusion after treatment with risperidone, were reported

to improve with clozapine (Rich et al., 1995); increase in

confusion and psychotic behavior, but no worsening of

parkinsonism, could be observed in two patients of another

series (Burke, Pfeiffer and McComb, 1998).

Olanzapine is a thienobenzodiazepine similar to cloza-

pine with preferential affinity to 5HT-2 over D2 receptors

and selective affinity to mesolimbic over striatal dopamine

receptors. Contrary to clozapine, its use does not require

blood countmonitoring. In a small open-label study in eight

DLB patients with psychosis and behavioral disturbances,

low doses of 2.5--7.5mg of olanzapine led to unacceptable

worsening of parkinsonism or postural instability, whereas

there was no or only marginal improvement of psychosis

in the others (Walker et al., 1999). This is in line with

the results from a double-blind prospective clozapine-

controlled study in PD patients with drug-induced psycho-

sis (Goetz et al., 2000), and argues against the use of this

drug inDLB.Apost hoc analysis of 29 patientswithDLB in

a larger placebo-controlled double-blind nursing home

study, however, showed the benefit of olanzapine on

psychosis without evidence of worsening of parkinsonism

(Cummings et al., 2002).

Quetiapine is another dibenzodiazepine with close phar-

macological resemblance to clozapine. One small, uncon-

trolled study in 10 patients with DLB-associated psychosis

reported improvement on the brief psychiatric rating scale

in all patients after six months of follow-up without nega-

tive impact on motor function (Parsa and Bastani, 1998). A

randomized, controlled multi-centre trial in 23 patients

with DLB failed to show any significant effects of quetia-

pine over placebo (Kurlan et al., 2007).

NMDA Receptor Antagonists

Since amantadine can also induce or increase psychosis and

has only limited anti-parkinsonian effects, its use should be

avoided in DLB.

Anti-depressants

Treatment of depression in patients with DLB is entirely

empirically based, without any controlled trial data. Selec-

tive serotonin reuptake inhibitors (SSRIs) are frequently

usedwith sufficient success. Anti-muscarinic agents should

be avoided because of their anti-cholinergic properties and

potential to aggravate cognitive dysfunction. There are no

data on the use of newer anti-depressants like mirtazepine

or roboxetine in patients with DLB.

Parkinsonism

Although parkinsonism is a main feature of the disease, no

therapeutic intervention has been specifically assessed in a

controlled trial specifically in DLB patients. Treatment

decisions are therefore generally based on experience in

other diseases like PD or MSA with L-Dopa as the “gold

standard.” Doses are usually in the low to middle range

between 300 and 500mg per day; visual hallucinations and

psychotic behavior can be dose-limiting.Up to 75%ofDLB

patients can show a long-term response to L-Dopa (Bonelli

et al., 2004). Dopamine agonists do not offer significant
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advantages over L-Dopa in DLB, but have a greater risk of

inducing psychotic side effects.

Autonomic Symptoms

Both urogenital features, including urge incontinence,

incomplete bladder emptying and erectile failure, as well

as orthostatic hypotensionwith or without postural syncope

are common sequelae in DLB. Recent studies have shown

that orthostatic hypotension significantly exacerbates both

cognitive and motor function (Allcock, Kenny and Burn,

2006; Peralta et al., 2007). Therefore, identification of

significant postural blood pressure drop and rigorous treat-

ment can have a profound impact on the overall functioning

of DLB patients. Considering the wide range of effective

therapeutic interventions to control neurogenic bladder

disturbances, it is also vital to address these disabling and

stigmatizing aspects of the disease. The management prin-

cipals both for orthostatic hypotension and urogenital

failure have already been summarized in the section on

MSA.

Non-Medical Therapy

Patients with significant dysarthria and dysphagia should

receive speech therapy. Postural imbalance and falls are

also symptoms generally not responsive to drug therapy and

require physiotherapy. Home placement will be required

for patients with persistent psychiatric complications unre-

sponsive to drug therapy (Table 9.7).

CORTICOBASAL DEGENERATION

Definition and Clinical Features

First described by Rebeiz and colleagues in 1967 (Rebeiz,

Kolodny and Richardson, 1967) as “corticodentatonigral

degeneration with neuronal achromasia,” almost 20 years

elapsed before corticobasal degeneration (CBD), a rare

multi-system tauopathy, received renewed attention

(Mahapatra et al., 2004).

Classically patients present in the sixth or seventh decade

with a strikingly asymmetrical akinetic-rigid parkinsonian

syndrome associatedwith othermovement disorders----most

often dystonia and myoclonus----in combination with corti-

cal signs. These include apraxia and “alien limb” phenom-

ena, cortical sensory loss, and variable degrees of

dysphasia. Depression and frontal lobe-type behavioral

changes, including apathy or disinhibition, impulsiveness,

and irritability, develop in 30--50% of patients (Rinne et al.,

1994; Wenning et al., 1998; Cummings and Litvan, 2000)

and up to 25% may become demented (Kompoliti et al.,

1998). Symptoms usually remain clearly asymmetrical,

eventually spreading from the affected arm to the ipsilateral

leg and progress steadily until death,which usually occurs 4

to 8 years after disease onset.

Several schemes for diagnostic criteria for CBD have

been proposed and mostly focus on the presence of

a markedly asymmetrical parkinsonian syndrome with

relentless progression and various combinations of move-

ment disorders and cortical dysfunction. Table 9.8 sum-

marizes clinical diagnostic criteria proposed by (Kumar,

Bergeron and Lang, 2002). Overall, diagnostic sensitivity

to CBD is sub-optimal even among expert neurologists,

who only detected 30% of post-mortem-confirmed CBD

cases on the basis of clinical presentation at first visit

(Litvan, 1997).

Prevalence

The incidence and prevalence ofCBDare largely unknown,

accounting for only some 3% of patients with degenerative

parkinsonism (Hughes et al., 2002); prevalence in the

Table 9.7 Pragmatic Management of DLB.

Therapy in DLB is guided by its major presentations

including parkinsonism, early onset dementia with or

without psychosis, and autonomic failure.

Parkinsonism

First choice: L-Dopa (up to 1000mg, if tolerated----NB:
hallucinations)

DA as well as amantadine should be avoided

(hallucinations)

Physiotherapy

Speech therapy

Occupational therapy

Dementia

First choice: Rivastigmine: 3--12mg/day

Second choice: Donezepil: 5--10mg/day

Third choice: Galantamine: 8--16mg/day

Cognitive training

Depression

SSRIs may be tried on an empirical basis

Psychosis

Clozapine: 6.25--50mg/day (may be more effective than

quetiapine, needs blood monitoring)

Quetiapine: 25--150mg/day (may be less effective than

clozapine, no need for blood monitoring)

Autonomic failure

as for MSA (see Table 9.3)
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general population might be well below 1 per 100 000

(Schrag, Ben Shlomo and Quinn, 2000).

Pathophysiology and Clinicopathological
Correlations

The tauopathy CBD is a multi-system disorder affecting

the nigrostriatal motor system plus a variety of other

subcortical structures, including variable cell loss in the

thalamus, subthalamic nucleus, the pallidum, red nucleus,

dentate nucleus and scattered changes in other brainstem

nuclei. In addition there is prominent and usually asym-

metrical cortical degeneration involving frontoparietal

areas. These neuropathological features account for the

cardinal clinical signs including L-dopa refractory parkin-

sonism, dystonia, myoclonus and apraxia (Murray et al.,

2007). CBD might present with cognitive impairment and

there is some controversy that frontotemporal dementia

and CBD may represent different ends of a single disease

spectrum (Kertesz et al., 2000). The etiology and patho-

genesis of CBD remain to be resolved. There is abnormal

tau aggregation affecting both basal ganglia and motor

cortex. Recent evidence suggests that there may be a

genetic predisposition towards tau accumulation that is

shared by PSP patients (Di Maria et al., 2000). Whether

CBD and PSP are distinct clinicopathological entities or

phenotypic variants of one tauopathy remains debatable

(Sha et al., 2006).

Principles of Management

Neuroprotective Therapy

Currently disease-modifying agents are not available for

CBD.

Symptomatic Therapy

Because of the rarity of CBD, to date there has been no

single controlled or even uncontrolled prospective clinical

trial of any intervention. Medical treatment is based on

retrospective uncontrolled case series, mainly on the series

of Kompoliti and colleagues analyzing 147 patients from

eight movement disorder centres (Kompoliti et al., 1998).

Dopaminergic Agents

Eighty-seven percent of all 147 cases in the series by

Kompoliti and colleagues had been exposed to therapeutic

trials of L-Dopa, with a mean daily dose of 300mg (range,

100--2000mg) (Kompoliti et al., 1998). Some clinical

improvement, especially of rigidity and bradykinesia was

noted in 26% of patients, but there are no data on the

magnitude or duration of this response. However, 5% had

some degree of worsening, either of parkinsonism or gait

dysfunction or dystonia and myoclonus. L-Dopa-induced

dyskinesias were not observed in this series, even with

high-dose treatment, and there are also no other reports

in the literature noting the occurrence of dyskinesias in

response to L-Dopa in CBD (Kompoliti and Goetz, 2000).

Dopamine agonists are less commonly used than L-Dopa

to treat parkinsonian features of CBD. Twenty-five percent

of the 147 patients collected by Kompoliti and colleagues

had been treated with low doses of either pergolide or

bromocriptine. Only 6% of patients showed some improve-

ment. Agonist-induced confusion was relatively common,

affecting 14% of patients, whereas gastrointestinal side

effects or dizziness was noted in 11% each. Selegeline

improved parkinsonism in 3 out of 30 patients (Kompoliti

et al., 1998).

Anti-cholinergics

Thirty-eight patients (27%) of the series had been exposed

to anti-cholinergics----either trihexiphenidyl or benztropine
----and four of these (10%) had improvements in rigidity or

tremor (Kompoliti et al., 1998). There is no report on side

effects, specifically cognitive dysfunction, in the literature.

Anti-cholinergics and baclofen were reported to have

improved dystonia in individual cases (Kompoliti et al.,

1998; Vanek and Jankovic, 2000).

NMDA Receptor Antagonists

Amantadine produced some benefit in 3 out of 24

patients treated. Other than tremor and rigidity, gait was

Table 9.8 Clinical Diagnostic Criteria For CBD.

1.Marked asymmetry at onset (includes motor and cortical

sensory signs, apraxia and dysphasia)

2. Progressive course

3. Presence of:

(a) Movement disorder

Akinetic-rigid parkinsonism

Limb dystonia

Focal myoclonus

Cortical sensory loss

(b) Cortical dysfunction

Alien-limb phenomena (levitation only excluded)

Apraxia

4. Exclusion of:

Early dementia

Levodopa responsiveness

Down gaze palsy

Typical rest tremor

Severe dysautonomia

Alternative pathology accounting for clinical features on

appropriate imaging studies
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reported to improve following amantadine (Kompoliti

et al., 1998).

Benzodiazepines

The use of benzodiazepines to treat myoclonic jerks

has been reported in a number of studies (Litvan, 1997;

Kompoliti et al., 1998; Vanek and Jankovic, 2000). Results

are inconsistent, and the drug most often reported as

beneficial is clonazepam, ameliorating myoclonic jerking

in 23% of patients, with sedation as most common

side effect, affecting 26% of patients (Kompoliti et al.,

1998).

Botulinum Toxin A

Of nine patients in the large series reported by Kompoliti

et al.who received local botulinum toxin injections to treat

focal limb dystonia, six (67%) reported some improvement

(Kompoliti et al., 1998). All six patients in the series of 66

cases reported by Vanek and Jankovic had some response

of their focal dystonic symptoms to botulinum toxin

injections----two of these experienced marked degrees of

improvement of both dystonia and pain with this form of

therapy (Vanek and Jankovic, 2000).M€uller and colleagues
reported on two patients withCBDwho received successful

treatment with botulinum toxin injections for focal limb

dystonia (Muller et al., 2002). Dosages used were 40--120

units Dysport for finger flexor muscles, 80--120 units

Dysport for wrist flexor and extensor muscles, and

160--240 units Dysport for elbow flexor muscles.

Non-Medical Therapy

There is no evidence available that various methods of

physiotherapy, occupational therapy, or speech therapy

significantly reduce disability. Limb apraxia may show a

limited response for a limited period of time to physiother-

apy, and occupational therapymay increase functional hand

use, particularlywhen combinedwith anti-parkinsonian and

anti-dystonic pharmacotherapy.

Speech and swallowing problems are common as CBD

progresses and should be treated with speech therapy;

nasogastricorgastrostomytube feedingforseveredysphagia

are rarely necessary, but should be considered in case of

silent aspirations (Table 9.9).
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BACKGROUND

Clinical Characteristics of Essential Tremor

Essential tremor (ET) is a commonmovement disorder that

affects the upper limbs (at least 95% of patients) and less

commonly the head (at least 30%), voice (at least 20%),

face/jaw (approximately 10%), tongue (approximately

20%), trunk (approximately 5%), and lower limbs (approx-

imately 10%) (Elble, 2000; Hardesty et al., 2004;Hsu et al.,

1990; Whaley et al., 2007). Tremor in the upper limbs is

commonly asymmetric, but it is rarely, if ever, strictly

unilateral (Louis et al., 1998a; Whaley et al., 2007).

Tremors in the tongue, trunk and lower limbs may be found

by examination, but are usually not the primary reason for

seeking medical attention.

ET is an action tremor that occurs when patients volun-

tarily attempt tomaintain a steady posture (postural tremor)

or move (kinetic tremor). Patients with advanced ET

frequently exhibit crescendo accentuation as the hand

approaches its target (intention tremor) (Deuschl et al.,

2000). Advanced patients also occasionally exhibit rest

tremor in the hands (Cohen et al., 2003; Rajput, Robinson

and Rajput, 2004; Whaley et al., 2007), but other signs of

parkinsonism (bradykinesia and rigidity) are not seen.

Furthermore, rest tremor without prominent action in the

upper limbs is never seen, nor is rest tremor seen in the

lower limbs. The rest tremor in ET is produced by rotation

of the forearm and extension-flexion of the wrist. The

classic pill rolling hand tremor of Parkinson’s disease is

not seen in ET, and frequently the “rest tremor” of ET is

actually a postural tremor that is caused by incomplete

muscle relaxation. This common diagnostic error can be

avoided by examining patients in recumbent and seated

positions with complete body support. Monosymptomatic

rest tremor is nearly always a sign of Parkinson’s disease or

some other form of parkinsonism (Brooks et al., 1992;

Ghaemi et al., 2002; Tolosa, Wenning and Poewe, 2006).

Approximately 5--15% of new essential tremor cases

arise during childhood (Louis, Dure and Pullman, 2001;

Paulson, 1976; Tan, Lum and Prakash, 2006), but its

prevalence and incidence increase with age. At least 5%

of people 65 years of age and older have essential tremor

(Benito-Leon et al., 2003; Bergareche et al., 2001; Dogu

et al., 2003; Elble, 1998; Louis et al., 1995). The annual

incidence in this age group is approximately 616 per

100 000 person-years (Benito-Leon, Bermejo-Pareja and

Louis, 2005). Essential tremor has been found in all ethnic

groups studied, and men and women are affected equally.

Cases beginning before age 20 are usually familial (Louis

and Ottman, 2006). Most patients with essential tremor

have not been diagnosed by a physician, but the majority of

these patients report functional disability (Benito-Leon,

Bermejo-Pareja and Louis, 2005; Dogu et al., 2005).

Pathophysiology of ET

Many cases are inherited in a Mendelian dominant fashion

with a high genetic penetrance by age 65 years (Bain et al.,

1994; Lorenz et al., 2004). Nevertheless, a specific gene for

ET has not been found. Studies of autosomal dominant

pedigrees have identified candidate loci on chromosome

3q13 (hereditary essential tremor, type 1) (Gulcher et al.,

1997), chromosome 2p22--p25 (Higgins, Pho and Nee,

1997), and elsewhere (Ma et al., 2006; Shatunov et al.,

2006). Higgins and co-workers reported an association

between essential tremor and an Ala265Gly variant of the

HS1-BP3 gene located in the 2p24 chromosomal region

(Higgins et al., 2005; Higgins et al., 2006), and Jeanneteau

and co-workers (Jeanneteau et al., 2006) found that the

Ser9Gly variant of the dopamine D3 receptor (DRD3) gene

on chromosome 3q13.3 co-segregates with essential tremor

in 23 of 30 French families studied. However, both gene

variants are common in the general population, so the role

of these genes is unclear (Deng, Le and Jankovic, 2007;
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Deng et al., 2005; Jeanneteau et al., 2006; Shatunov

et al., 2005).

The elusiveness of the ET gene is a subject of consider-

able discussion and speculation (Elble, 2006). Genetic

heterogeneity in essential tremor is virtually certain,

and given the high prevalence and non-specificity of

the essential tremor phenotype, large families with domi-

nantly inherited ET could contain a second gene or pheno-

copy that would confound genetic linkage studies.

Polygenic inheritance is a possible source of difficulty

(Ma et al., 2006), and misdiagnosis and environmental

factors could introduce confounding ET phenocopies into

large families being studied.

Sporadic cases of ET are common, and it is becoming

increasingly apparent that essential tremor is a clinically

defined syndrome, not a specific disease. Most patients

exhibit monosymptomatic tremor for a lifetime. However,

it is widely recognized that the clinical and electrophysio-

logic characteristics of the action tremor in ET are not

unique, and patients with other diseasesmay exhibit similar

tremor for years before they exhibit diagnostic signs and

symptoms of their neurologic disease. Diseases that occa-

sionally present with ET-like tremor include Parkinson’s

(Lee et al., 1999; Pellecchia et al., 2006), dystonia (Jedynak,

Bonnet and Agid, 1991; M€unchau et al., 2001; Schrag

et al., 2000; Yanagisawa, Goto and Narabayashi, 1972),

spinocerebellar ataxia (Sch€ols et al., 2004), and fragile X
pre-mutation (Berry-Kravis et al., 2003; Leehey et al.,

2003). Furthermore, it is clear that ET is a common

disorder and will therefore occur commonly with other

conditions. The relationship between essential tremor and

other neurologic disorders can only be established through

genetic testing or some other specific biological marker or

neurophysiologic test for ET, which unfortunately does

not exist.

Routine post-mortem studies have revealed no consistent

abnormalities in patients with ET (Rajput, Robinson and

Rajput, 2004). This could be the result of genetic and

pathophysiologic heterogeneity, a failure of neuropathol-

ogists to find the abnormalities, or possibly the absence of

visible structural abnormalities. IsolatedLewybodies in the

locus ceruleus, torpedoes in Purkinje cell axons, segmental

Purkinje cell loss and cell loss in the dentate have been

found in isolated patients or small groups of patients (Louis

et al., 2005; Louis et al., 2006b; Louis et al., 2006c). The

interpretation of autopsy data from very elderly patients is

difficult, and studies of younger patients and multiple

affected people in the same family are needed to distinguish

spurious or coincidental pathology from the pathology of

ET.

Many clinical observations suggest that essential tremor

emerges from abnormal oscillation within thalamocortical

and olivocerebellar loops. Lesions in the cerebellum

and thalamus greatly reduce essential tremor (Deuschl and

Elble, 2000). Tremor-correlated neuronal discharge occurs

in the ventrolateral thalamus, especially in the nucleus

ventralis intermedius, and electrophysiologic studies have

demonstrated enhanced cortical rhythmicity (Hellwig

et al., 2003; Hellwig et al., 2001; Hua and Lenz, 2005).

Contralateral limb tremor is suppressed by ablation, high-

frequency stimulation and muscimol microinjection of the

ventralis intermedius (Pahapill et al., 1999; Schuurman

et al., 2000). PET studies have revealed bilaterally in-

creased olivary glucose utilization and bilaterally increased

blood flow in the cerebellum, red nucleus and thalamus, and

functionalMRI studies have disclosed increased blood flow

bilaterally in the cerebellar hemispheres, dentate nucleus,

and red nucleus and contralaterally in the globus pallidus,

thalamus, and primary sensorimotor cortex (Boecker and

Brooks, 1998). The cerebellar signs of intention tremor

(Deuschl et al., 2000) and unsteady tandem gait (Stolze

et al., 2001) in some essential tremor patients could be

interpreted as evidence for cerebellar neurodegeneration,

but Klebe and co-workers found that orally administered

ethanol improved intention tremor and tandem gait in

patients with essential tremor (Klebe et al., 2005), which

suggests that the cerebellar signs are reversible and not the

result of neurodegeneration. The harmaline model of ET

supports the notion of increased thalamocortical and oli-

vocerebellar rhythmicity in ET, but thismodel and themore

recent GABA-A receptor a-1 sub-unit knockout mouse

model (Kralic et al., 2005) illustrate that ET could be

caused by a fairly widespread electrophysiologic distur-

bance with no discernible microscopic pathology.

Diagnosis and Differential Diagnosis of ET

The similarities between ET and the action tremors in other

conditions have led virtually all students of ET to propose

fairly restrictive diagnostic criteria, which are summarized

in Table 10.1. Disagreement exists as to whether patients

with isolated head tremor without evidence of dystonia

should be classified as classic (i.e., “definite”) ET. Tremu-

lous cervical dystonia is frequently mistaken for ET, and

nearly all patients with ET have hand tremor. Thus, the

exclusion of patients with isolated head tremor does not

affect many patients. Ultimately, this controversy will be

resolved with the discovery of one or more genes or

biologic markers for ET.

The Washington Heights-Inwood Genetic Study of ET

(WHIGET) (Louis et al., 1998b) and National Institute of

Neurological Diseases and Stroke (NINDS) (Brin and

Koller, 1998) criteria (Table 10.1) includeminimum tremor

amplitude requirements that will exclude cases of enhanced

physiologic tremor, but will also exclude some cases of

verymildET.Unfortunately, there is no establishedmethod

for distinguishing very mild ET from physiologic tremor

(Elble, 2003; Elble and Deuschl, 2002; Elble, Higgins and
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Table 10.1 Diagnostic criteria for classic (definite) ET.

Inclusion criteria Exclusion criteria

TRIGa Definite ET 1. Other abnormal neurologic signs except

Froment’s sign (cogwheeling without rigidity

during passive manipulation of the limb)

1. Bilateral postural hand tremor with or without

kinetic tremor that is visible and persistent

2. Presenceofknowncausesofenhancedphysiologic

tremor (e.g., drugs, anxiety, hyperthyroidism)

2.May be asymmetric andmay involve other body

parts

3. Concurrent or recent exposure to tremorogenic

drugs or presence of a drug withdrawal state

3. Duration of at least 5 yr 4. Trauma to the nervous system within three

months of tremor onset

Isolated head tremor was classified as probable

ET.

5. History or presence of psychogenic tremor

6. Sudden onset or stepwise progression

7. Primary orthostatic tremor

8. Isolated position-specific or task-specific

tremors, including occupational tremors and

primary writing tremor

9. Isolated tremor in the voice, tongue, chin or legs

Kiel Consensus

Criteriab
1. Bilateral, largely symmetrical postural or

kinetic tremor involving the hands and forearms

that is visible and persistent. Intention tremor

may be present in advanced cases, and rest

tremor is rarely seen.

1. Other abnormal neurologic signs, especially

dystonia

2. Additional or isolated tremor of the head may

occur but in the absence of abnormal posturing

2. Presence of known causes of enhanced

physiologic tremor

3. Historic or clinical evidence of psychogenic

tremor

4. Sudden onset or stepwise progression

5. Primary orthostatic tremor

6. Isolated voice tremor

7. Isolated position-specific or task-specific

tremors, including occupational tremors and

primary writing tremor

8. Isolated tongue or chin tremor

9. Isolated leg tremor

WHIGETc 1. A 2þ (0--3 point scale) postural tremor of at

least one arm (head tremor may be present but is

not sufficient for the diagnosis)

1. Medications, hyperthyroidism, alcohol and

dystonia are not potential etiologic factors.

2. A 2þ kinetic tremor in at least four tasks or a

3þ tremor on a second task. Tasks include

pouring water, using a spoon to drink water,

drinking water from a cup, finger-to-nose, and

drawing a spiral

2. Not psychogenic

3. If tremor is present in the dominant hand, then by

report, it must interfere with at least one activity

of daily living (e.g., eating, drinking, writing).

This criterion is irrelevant if tremor is not

present in the dominant hand.

(continued )
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Elble, 2005). The frequently dramatic suppression of trem-

or by ethanol ingestion is not sufficiently sensitive or

specific to be used diagnostically (Rajput, 1996; Rajput

et al., 1975).

Generally accepted exclusion criteria for classic

ET are: (i) other abnormal neurologic signs; (ii) recent

neurologic trauma preceding the onset of tremor; (iii)

presence of known causes of enhanced physiologic tremor

(e.g., drugs, anxiety, depression, hyperthyroidism); (iv)

history or presence of psychogenic tremor; (v) sudden

onset or stepwise progression; (vi) primary orthostatic

tremor; (vii) isolated position-specific or task-specific

tremors (e.g., occupational tremors, primarywriting trem-

or); and (viii) isolated tremor in the voice, tongue, face,

jaw, or legs. Isolated head tremor should raise the suspi-

cion of focal cervical dystonia.

Thus, classic ET is essentially a monosymptomatic

tremor disorder with no other neurologic signs. Some

patients with advanced essential tremor have mild im-

pairment of balance and tandem walking (Stolze et al.,

2001). Other reported neurologic deficits are not detectable

by routine neurologic examination. These deficits include

decreased initial ocular smooth pursuit acceleration and

impaired reduction of the time constant of post-rotatory

vestibular nystagmus (Helmchen et al., 2003), sub-clinical

deficits in cognitive function (Benito-Leon, Louis and

Bermejo-Pareja, 2006; Gasparini et al., 2001; Lombardi

et al., 2001; Sahin et al., 2006), and conflicting evidence of

mild olfactory impairment (Applegate and Louis, 2005;

Shah et al., 2005). These sub-clinical deficits are important

from a scientific standpoint, but they are not severe enough

to affect the clinical presentation of patients with ET.

Consequently, neurologic abnormalities other than tremor

should be regarded as “red flags” that some other disorder is

present, either in isolation or in combination with essential

tremor (Elble, 2002).

The inclusion and exclusion criteria for classic ET

are incorporated into the diagnostic flow diagram in

Figure 10.1. Tremulous cervical dystonia is often sup-

pressed by sensory tricks (geste antagoniste), whereas ET

is not (Deuschl et al., 1992; Masuhr et al., 2000). The

relationship of ET to other task-specific and focal tremors

such as isolated chin tremor, writing tremor, and vocal

tremor is doubtful (Soland et al., 1996). ET in the jaw

tends to occur in patients with head tremor, voice tremor

and more severe upper extremity tremor (Louis et al.,

2006a), so isolated jaw tremor or the combination of jaw

tremor and rest tremor in the hands should raise

the suspicion of Parkinson’s. Drug- and toxin-induced

tremor, cortical tremor (rhythmic cortical myoclonus),

cerebellar outflow tremor (intention tremor with terminal

dysmetria and other signs of ataxia), tardive tremor, focal

dystonia, neuropathic tremor, post-traumatic tremor,

mild Parkinson’s and psychogenic tremor are frequently

misdiagnosed as ET (Jain, Lo and Louis, 2006; Schrag

et al., 2000).

Psychogenic tremors exhibit erratic frequency and am-

plitude fluctuations, and they frequently resolve and recur

spontaneously. Tremor is usually reduced or abolished

when the patient is distracted withmotor or cognitive tasks.

In many patients, the frequency of psychogenic tremor

changes to the frequency of voluntary repetitive move-

ments, performed with the ipsilateral or contralateral limb,

or the patient exhibits a peculiar inability to perform the

voluntary repetitive movements at the requested frequency

(Kim, Pakiam and Lang, 1999; O’Suilleabhain and

Matsumoto, 1998). Some patients produce psychogenic

tremor simply by consciously or sub-consciously co-acti-

vating the flexor and extensor muscles of the wrist, without

voluntary wrist oscillation, and this form of psychogenic

tremor fluctuates with the degree of co-activation (Deuschl

et al., 1998b; Raethjen et al., 2004).

NINDSd 1. 2þ action tremor in both arms (0--4 point scale),

or 2þ in one arm and 1þ in the other, or 1þ in

one arm and predominant cranial-cervical

tremor. Predominant cranial-cervical

means rhythmic tremor with no

directional preponderance or asymmetric

cervical muscles (i.e., no evidence

of dystonia)

1. No evidence of enhanced physiologic tremor,

parkinsonism, endocrine abnormalities,

tremorogenic drugs, and so on.

a Findley and Koller (1995).
b Deuschl et al. (1998a).
c Louis et al. (1998b).
d Brin and Koller (1998).

Table 10.1 (Continued )

Inclusion criteria Exclusion criteria
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TREATMENT

Pharmacologic Treatment

Many patients with ET require or desire nothing more than

an accurate diagnosis and assurance that a more sinister

disease is not present. Social embarrassment, depression

and anxiety may contribute significantly to a patient’s

disability, and these factors should be carefully considered,

particularly in patients that complain vehemently of rela-

tively mild tremor. The avoidance of stimulants such as
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Figure 10.1 Differential diagnosis of essential tremor.
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caffeine and the judicious consumption of ethanol at meal-

times or at social events are helpful to some patients. The

prevalence of alcoholism in ET is probably not greater than

in the general population (Koller, 1983; Rautakorpi, Mart-

tila and Rinne, 1983), but no-one has studied the long-term

risk of alcoholism and alcohol-related adverse events in

patients who are prescribed ethanol for ET. The benefit of

ethanol is less than two hours, and the well-known social

limitations and side effects limit its use during much of the

day. At least a third of all patients notice no benefit from

ethanol, even when their blood levels approach legal

intoxication, and many responders experience comparable

benefit from much safer medications (Rajput et al., 1975).

Consequently, we do not recommend ethanol for ET, but do

not discourage its use in patients who derive benefit at

mealtimes.

Many drugs have been used to treat essential tremor. The

pathophysiology of ET is poorly understood, but the role of

abnormal neuronal oscillation and entrainment is clear. The

serendipitous discovery of efficacy from ethanol, propran-

olol and primidone has led many investigators to try other

beta blockers, anti-convulsants, GABA agonists, and any

other medication that might disrupt the abnormal oscilla-

tion in motor circuits. Consequently, numerous controlled

and uncontrolled studies have been done, and many prom-

ising anecdotal observations and uncontrolled studies have

led to disappointingly negative results in controlled studies.

The average number of patients per study has been less than

25, and themethods of assessment have varied somuch that

comparison of results across studies is difficult or impossi-

ble (Zesiewicz et al., 2005).

Relevant studies published in English were recently

reviewed and published by a sub-committee of the Ameri-

can Academy of Neurology (Zesiewicz et al., 2005). This

report and the results of a few more recent studies are

summarized in Table 10.2. Studies were classified as

follows:

Class I: A prospective, randomized, controlled clinical trial

with masked outcome assessment, in a representative pop-

ulation, and all of the following:

(a) primary outcome(s) clearly defined

(b) exclusion and inclusion criteria clearly defined

(c) adequate accounting for drop-outs and cross-

overs with numbers sufficiently low to have

minimal potential for bias

(d) relevant baseline characteristics are presented

and substantially equivalent among treatment

groups or there is appropriate statistical adjust-

ment for differences.

Class II: A prospective matched group cohort study in

a representative population with masked outcome

assessment that meets requirements (a)--(d) of a class I

study, or a randomized, controlled trial in a representative

population that lacks one of the criteria (a)--(d)

Class III: All other controlled trials including well-defined

natural history controls or patients serving as own controls

in a representative population, where outcome is indepen-

dently assessed or independently derived by objective

outcome measurement.

The levels of evidence in Table 10.2 are as follows:

A: Established as effective, ineffective or harmful,

based on at least two consistent class I studies

B: Probably effective, ineffective or harmful, based on

at least one class I study or at least two consistent

class II studies

C: Possibly effective, ineffective or harmful, based on

at least one class II study or two consistent class III

studies.

Propranolol (regular and long-acting forms) and primi-

done are the only two medications with level A evidence

of efficacy (Zesiewicz et al., 2005). Approximately 50%

of patients with essential tremor benefit from one or

both of these medications, and the response to one does

not predict the response to the other. The average reduc-

tion in tremor is about 50%, and complete suppression of

tremor is rare. The beneficial effect is largely limited to

hand tremor. Fatigue, lightheadedness, and bradycardia

are the most common side effects. Erectile dysfunction

and depression are often emphasized, but their occurrence

is probably overstated (Silvestri et al., 2003; Van Melle

et al., 2006).

Other beta blockers have been studied (Table 10.2), but

none has been shown to be more effective than proprano-

lol. Some mildly affected patients take the short-acting

formulation on an as-needed basis (e.g., 10--40mg, 30

minutes before an anticipated need), but most patients

prefer the long-acting formulation, taken once daily. Pa-

tients may respond to as little as 60mg per day and rarely

benefit from more that 240mg per day. Therefore, we

recommend the long-acting formulation unless patients

prefer as-needed administration because of side effects or

limited disability. The total daily dosage is increased each

week in 60mg increments as tolerated and as needed, not

exceeding 240mg. Propranolol and other beta blockers

should be avoided in patients with asthma, heart block,

unstable heart failure and bradycardia, and these drugs

should be discontinued by gradual taper over 1--2 weeks in
cardiac patients.

Many patients experience mild sedation and dizziness

when they start primidone. These side effects usually resolve

in a week or so, but an occasional patient will experience a
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Table 10.2 Non-surgical treatment of essential tremor.

Level of

evidence

Drug Daily dose

range (mg)

Common side effectsa Severe uncommon side effects

A Primidone 25--750 Sedation, dizziness Severe acute dizziness and

sedation with nausea and

vomiting

Propranolol 60--800 Fatigue, lightheadedness,

bradycardia, erectile

dysfunction, depression

Bradycardia, exacerbation of

asthma or congestive heart

failure. Abrupt cessation may

exacerbate angina or ventricular

arrhythmias

B Alprazolam 0.125--3 Sedation Dependency, abuse

Atenolol 50--150 Fatigue, lightheadedness,

bradycardia, erectile

dysfunction, depression

Bradycardia, exacerbation of

asthma or congestive heart

failure. Abrupt cessation may

exacerbate angina or ventricular

arrhythmias

Gabapentin

monotherapy

1200--1800 Sedation, dizziness, nausea

Sotalol 75--200 Fatigue, lightheadedness,

bradycardia

Bradycardia, exacerbation of

asthma or congestive heart

failure. Abrupt cessation may

exacerbate angina or ventricular

arrhythmias

Topiramate 100--400 Anorexia, weight loss,

cognitive impairment,

paresthesias, distorted

taste, somnolence

Kidney stones, acute narrow angle

glaucoma

C Clonazepam 0.5--6 Sedation

Clozapine 6--75 Sedation Agranulocytosis,

cardiorespiratory

collapse

Nadolol 120--240 Fatigue, lightheadedness,

bradycardia, erectile

dysfunction, depression

Bradycardia, exacerbation of

asthma or congestive heart

failure. Abrupt cessation may

exacerbate angina or ventricular

arrhythmias

Nimodipine 120 Hypotension, headache,

gastrointestinal distress

Cardiac arrhythmias,

exacerbation of congestive

heart failure

Botulinum toxin A

(hand tremor)

50--100U Muscle weakness,

injection site pain

Botulinum toxin A

(head tremor)

40--400U Muscle weakness,

injection site pain,

dysphagia

Severe dysphagia

Botulinum toxin A

(voice tremor)

0.6--15 Weak voice, dysphagia Severe dysphagia

a Consult the package insert, online.ePocrates.com or medlineplus.gov for a more comprehensive list of side effects.
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more severe and frequently intolerable first-dose reaction

consisting of drowsiness, dizziness, dysequilibrium and

nausea. Consequently, most physicians prescribe an initial

dosage of one-quarter or one-half of a 50mg tablet at

bedtime, even though a randomized, controlled trial of 40

patients revealed no benefit of initiating much smaller

dosages (O’Suilleabhain and Dewey, 2002). We routinely

start with a dosage of 25mg at bedtime and titrate the dosage

each week in 25mg increments, as tolerated and as needed.

The usual dosage is 50--350mgper day in 1--3 divided doses,
but total daily dosages greater than 250mg frequently

produce little or no additional benefit (Serrano-Duenas,

2003).

Of the drugs with level B evidence, only topiramate has

been studied in a large number of patients and was found to

bemoderately effective (Ondo et al., 2006). Adverse events

limited treatment in 32% of patients, and nearly 20% of

patients taking topiramate dropped out due to side effects.

Although gabapentin monotherapy produced largely posi-

tive results, gabapentin was largely ineffective in patients

taking other anti-tremor medications (Zesiewicz et al.,

2005). Therefore, the response to this drug is usually

disappointing.

The drugs in Table 10.2 with level C evidence require

additional study to determine efficacy. Despite encourag-

ing initial anecdotal reports, clonazepam,methazolamide,

flunarizine, nimodipine, clonidine, low-dose theophyl-

line, amantadine, verapamil, nifedipine, acetazolamide,

isoniazid, pindolol, L-tryptophan/pyridoxine, metoprolol,

nicardipine, olanzapine, Phenobarbital, quetiapine, clo-

zapine, glutethimide andmirtazapine have been tried with

inconclusive or negative results (Zesiewicz et al., 2005).

In addition, levetiracetam (Handforth and Martin, 2004),

amantadine (Gironell et al., 2006), 3,4-diaminopyridine

(Lorenz et al., 2006) and zonisamide (Zesiewicz et al.,

2006b) were found ineffective in randomized, controlled

trials performed since the 2005 review by Zesiewicz and

co-workers (Zesiewicz et al., 2005).

Given the frequently dramatic response of essential

tremor to ethanol, other forms of alcohol and GABA

agonists have been sought for therapeutic trials. Pilot

studies of 1-octanol revealed that this eight-carbon alcohol

suppresses essential hand tremor, but additional controlled

studies are needed to examine the safety, tolerability and

efficacy of long-term treatment (Bushara et al., 2004; Shill

et al., 2004). In two pilot studies, Frucht and co-workers

found an impressive response of essential tremor to oxy-

bate, which is approved in the United States for the treat-

ment of narcolepsy (Frucht et al., 2005a; Frucht et al.,

2005b). Oxybate is a central nervous system depressant

with abuse potential (schedule III drug) and is available

only through a central pharmacy (see www.xyrem.com).

Two patients recently experienced benefit from pregabalin

in an open-label trial (Zesiewicz et al., 2006a). Benefit from

1,3-dimethoxymethyl-5,5-diphenyl-barbituric acid was

found in two small controlled trials (Melmed, Moros and

Rutman, 2007).

Botulinum toxin injections into the forearm muscles

produce little if any improvement in most patients, and

finger orwristweakness is a common side effect (Zesiewicz

etal.,2005).Greaterefficacyhasbeenreportedoccasionally

in patients with disabling head tremor (Wissel et al., 1997)

and voice tremor (Adler et al., 2004), but this experience is

largelyanecdotal(Lyonsetal.,2003;Zesiewiczetal.,2005).

Nevertheless, a cautious trial of botulinum toxin is appro-

priate in disabled patients who do not respond to oral

medications and who understand the risks (Table 10.2),

particularly in those patients with possible underlying dys-

tonia (e.g., subtle head tilt, abnormal hand postures, and

response to sensory tricks----geste antagoniste).

Surgical Treatment

Stereotactic surgery in the ventrolateral thalamus is an

effective treatment for disabling drug-resistant essential

tremor (Zesiewicz et al., 2005). There have been no place-

bo-controlled (sham surgery) randomized trials of thala-

motomy or thalamic deep brain stimulation (DBS), which

explains the level C evidence in Table 10.2. Nevertheless,

thalamic DBS is widely recognized as the most effective

treatment for ET.

The optimum thalamic target is nucleus ventralis inter-

medius (Papavassiliou et al., 2004). Destructive thalamot-

omy and high-frequency DBS produce comparable

improvement, but DBS can be programmed to provide

optimum functional improvement with fewer side effects

(Schuurman et al., 2000). The reversibility of DBS has

made this the surgical procedure preferred by most sur-

geons (Benabid et al., 1996; Zesiewicz et al., 2005).

The efficacy of thalamic DBS is unquestioned, but

the absence of long-term randomized, controlled trials

casts some uncertainty on magnitude and duration of

efficacy and the incidence of side effects, in particular.

Problems related to lead placement (skin erosion, lead

breakage) and stimulator malfunction are not uncom-

mon (Pahwa et al., 2006; Slowinski et al., 2007; Sydow

et al., 2003), and thalamic DBS, like thalamotomy, may

cause dysarthria, dysphagia, somatosensory loss, par-

esthesias, cognitive impairment, dysequilibrium, ataxia,

infection, intracranial hemorrhage and, rarely, death.

One or more side effects occur in at least 20% of

patients undergoing unilateral DBS (Zesiewicz et al.,

2005). Most side effects caused by thalamic DBS are

reduced or abolished by adjusting the stimulus para-

meters, but these adjustments may result in reduced

tremor suppression.
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Bilateral thalamotomy is contraindicated due to the high

incidence of complications, but bilateral thalamic DBS is

possible with an overall complication rate of about 30%,

dysarthria and impaired balance being most common

(Zesiewicz et al., 2005). Marked suppression of limb

tremor is achieved in approximately 70--90% of patients.

Good control of limb tremor with thalamic deep brain

stimulation is maintained for more than five years in most

patients, but efficacy is gradually lost in some (Kumar et al.,

2003; Sydow et al., 2003). The reason for lost efficacy is

believed to be sub-optimal lead placement in many

patients, but other patients seem to develop a true physio-

logical tolerance to deep brain stimulation (Papavassiliou

et al., 2004).

The role of thalamic DBS in the treatment of midline

tremor (head and voice) is less certain (Zesiewicz et al.,

2005). Many patients undergo bilateral surgery for their

hand tremor, and many of these patients have experienced

a substantial reduction in head and voice tremor (Putzke

et al., 2005; Slowinski et al., 2007). However, some

reports have not been encouraging (Limousin et al.,

1999), and it is unclear whether disabling midline tremor

is ever a primary indication for DBS (Zesiewicz et al.,

2005).

Ventralis intermedius has been such an effective target

for ET that there has been little incentive to look for

alternative targets. Nevertheless, some patients with se-

vere proximal tremor respond poorly to thalamic DBS, and

patients with both ET and Parkinson’s (PD) are not

uncommon. Two groups found that ET responds to deep

brain stimulation in the posteromedial subthalamic area,

and the magnitude of improvement was comparable to that

derived from thalamic DBS (Murata et al., 2003; Plaha,

Patel and Gill, 2004). Midline tremors also improved

(bilateral DBS). The critical target in this anatomically

compact area is unclear but is possibly the zona incerta

and prelemniscal radiation, which carry cerebellar and

somatosensory afferents to the ventrolateral thalamus

(Murata et al., 2003; Plaha, Patel and Gill, 2004).

Parkinson tremor and ET may both respond to subthalamic

DBS when these diseases occur in the same patient (Stover

et al., 2005). Targeting the subthalamus in patients with

PD and ET makes sense because the bradykinesia, rigidity

and gait impairment of PD respond poorly to thalamic

DBS. However, the role of subthalamic DBS in pure ET is

unestablished.

The mechanism of thalamic DBS is uncertain

(Mcintyre et al., 2004; Perlmutter and Mink, 2006). Most

investigators believe that DBS drives motor circuits at

high frequencies, so as to preclude low-frequency tre-

morogenic neuronal firing, but other mechanisms are

probably also at play. Thalamic and subthalamic stimu-

lation frequencies greater than 60Hz are needed to

suppress tremor, and stimulation frequencies below

60Hz can be tremorogenic (Constantoyannis et al.,

2004; Plaha, Patel and Gill, 2004; Ushe et al., 2006;

Ushe et al., 2004).

Therapeutic stimulation parameters in current use have

been derived by trial-and-error clinical programming of the

neurostimulators. Thousands of combinations of pulse

width, stimulation frequency and pulse voltage are avail-

able, and the quadripolar electrodes can be selected to

deliver monopolar cathodic or bipolar stimulation. The

optimum stimulation parameters appear to be frequencies

of 90--130Hz, pulse widths of 60--120ms, and voltages of

1--3.5V (Kuncel et al., 2006; O’Suilleabhain et al., 2003;

Ushe et al., 2004). The optimum electrode contact

should be the negative pole in a monopolar or bipolar

configuration, depending upon the clinical response and

side effects.

Some reports suggest that stereotactic gamma-knife

thalamotomy is a relatively safe and effective alternative

to radiofrequency thalamotomy and thalamic stimulation

(Ohye, Shibazaki and Sato, 2005; Ohye et al., 2002; Young

et al., 2000). However, the response to treatment is delayed,

taking months to a year or more, depending on the dose of

radiation (Ohye, Shibazaki and Sato, 2005; Ohye et al.,

2002). Disturbing long-term complications have been re-

ported (Okun et al., 2001; Siderowf et al., 2001), and

controlled multi-center trials are lacking (Zesiewicz

et al., 2005). Consequently, there is insufficient evidence

to recommend this procedure.

Practical Management

An algorithm for the treatment of ET is proposed in

Figure 10.2. Failure to respond to medications is not

uncommon. Accurate diagnosis is necessary to maximize

success. Unrecognized PD, dystonia and drug-induced

tremor are the most common errors in diagnosis (Jain, Lo

and Louis, 2006; Schrag et al., 2000).

Level C drugs with dangerous side effects (e.g., cloza-

pine) should be used very cautiously or not at all. Thalamic

DBS is a viable option for patientswho have disabling drug-

refractory tremor. Patients should understand the risks and

the need for long-term monitoring and re-programming

of the stimulator. Most, but not all, patients are pleased that

they underwent thalamic DBS.

The mechanisms of action of beneficial and possibly

beneficial medications are unknown because the patho-

physiology of ET is poorly understood. The harmaline

model and GABA-A receptor a-1 subunit knockout mouse

have provided some insight, but more animal models are

needed, and the identification of one or more ET genes is

crucial to solving this disorder (Elble, 2006).
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INTRODUCTION

Tremor denotes a rhythmic involuntarymovement of one or

more regions of the body. Normal tremor is present in every

subject and related to physiologic mechanisms of move-

ment (Vallbo and Wessberg, 1993). Pathologic tremor is

clinically defined on the basis of visibility to the naked eye,

but activation conditions and frequencies are also often

different. The three most common pathologic tremors are

enhanced physiologic tremor, essential tremor and tremor

of Parkinson’s disease. Other important tremors are cere-

bellar tremor, dystonic tremor and orthostatic tremor. The

disabilities caused by these tremors differ as much as their

clinical appearance, pathophysiology and etiology. Some

tremors can be successfully medically treated, but others

not, and therefore, for severely incapacitating tremors,

refined stereotactic surgical approaches have become

increasingly important. This chapter will cover tremors

except essential and parkinsonian tremor.

ENHANCED PHYSIOLOGICAL TREMOR

This term was originally used by neurophysiologists to

label a form of tremor characterized by frequency and

activation features of normal physiologic tremor but with

larger amplitude. It is a visible postural and action tremor

that can be cumbersome, particularly on action. In most

cases a cause can be identified. This form of tremor is

considered to be reversible if the cause of the tremor is

corrected for. There may be many causes for this enhance-

ment of normal physiologic tremor (Table 11.1). The

exclusion of other neurological symptoms or diseases

that could cause tremor is mandatory for the diagnosis

(Deuschl et al., 1998a).

A recent cross-sectional population-based study in

Tyrolia has found the prevalence of enhanced physiological

tremor (EPT) to be 9.5% in subjects over 50 years of age.

EPT was much more common than essential tremor

(3.06%), parkinsonian tremor (2.05%) or Parkinson’s dis-

ease (4.49%) (Wenning et al., 2005). There are no studies

available on the natural cause of the condition. As most of

the causes (a side effect of drugs, endogeneous intoxica-

tions, etc.) of EPT are treatable and/or reversible, it is

believed that it can be corrected for many causes.

The pathophysiologic mechanisms underlying the en-

hancement of these physiologic reflex conditions may

either be activation of the reflex loops, which has been

shown for thyrotoxic tremor (Elble, 1996) or the activation

of a central oscillator which has been shown for amitrip-

tyline (Raethjen et al., 2001).

The causes of an enhancement of one or both of the

physiological tremor components are diverse. Trembling

with excitement, fear or anxiety is common which may be

cumbersome for performing artists or persons who need a

high accuracy of dexterity, such as surgeons. It is thought

to be mediated through an increased sympathetic tone,

which results in a b-adrenergically driven sensitization of

the muscle spindles increasing the gain in the reflex loops

(Marsden and Meadows, 1968). A similar origin via the

sympathetic nervous system has been proposed for the

tremor in reflex sympathetic dystrophy. Metabolic abnor-

malities or drugs and toxin or withdrawal from such sub-

stances are common causes of EPT. The pathophysiology

can be peripheral or central depending on the cause.

As both EPT and early essential tremor (ET), are not

accompanied by any other neurological symptoms they can

sometimes be difficult to distinguish. The positive family

history in ET, its chronic course and the lack of an overt

cause for the tremor are important hints. Sometimes the

diagnosis can only be made after having observed the

patient for an extended time period. EPT is usually bilateral

and thus, any tremor presenting unilaterally, even with a

high frequency and a pure postural component, must be

suspected to be a symptomatic tremor. Spectral analysis of

accelerometric and EMG signals can be helpful to demon-

strate a centrally driven component in ET (Raethjen et al.,
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2004). A frequency below 8Hz, which can be seen in the

very early stages of ET, seems to be in favour of ET rather

than EPT (Elble, Higgins and Elble, 2005).

Treatment

Depending on the etiology of EPT in a particular patient,

causative treatment is always the first step. There are only a

few studies on symptomatic treatment of EPT and only for a

minority of etiologies. Treatment of thyrotoxic tremor with

propranolol (<160mg daily) is recommended, but other

b-blockers (atenolol (<200mgdaily),metoprolol (<200mg

daily), acebutolol (<400mg daily), oxprenolol (<160mg

daily), nadolol (<80mg daily) and timolol (<20mg daily)

have a similar effect (Feely and Peden, 1984). Propranolol

improves the tremor of ophthalmic surgeons when given

prior to surgery (Elman et al., 1998). Although a study of

acetazolamide for the treatment of valproate tremors was

positive, many tremor specialists use propranolol for this

condition. Interestingly, it has been shown that introduction

of slow-release compared to conventional valproate elicits

no significant tremor (Rinnerthaler et al., 2005). Other

treatment recommendations are based on expert opinions

only. A single dose of a b-blocking agent (e.g., propranolol

10--60mg) 30minutes before a stressful situation is

recommended to suppress transient tremor that is known

in a pre-disposed subject to interfere with important (e.g.,

professional) activities.

PRIMARY ORTHOSTATIC TREMOR

Primary orthostatic tremor is a unique tremor syndrome

(Heilman, 1984) characterized by a subjective feeling of

unsteadiness during stance, but only in severe cases during

gait. Some patients show sudden falls. None of the patients

has problems when sitting and lying. The only clinical

finding is sometimes visible, butmostly only palpable, fine-

amplitude rippling of leg muscles. Listening to the muscles

with the bell of the stethoscope can also reveal the tremor.

Thus, this tremor is suspected, mainly based on the com-

plaints of the patients rather than clinical findings. The

diagnosis can only be confirmed with electromyography as

the surface electromyography (e.g., from the quadriceps

femoris muscle) while standing shows a pathognomic

13--18Hz burst pattern. All the leg, trunk and even arm

muscles show this pattern, which is, in many cases, absent

during tonic innervation when sitting and lying (McManis

and Sharbrough, 1993).

Orthostatic tremor (OT) is a relatively rare condition

(only small case series have been published adding up to

less than 200 cases), and epidemiological data are lacking.

The condition occurs only in patients above 40 years and

in one series (Gerschlager et al., 2004) the mean age at

onset was lower for women (50 years) compared with men

(60 years). So far it is not considered a hereditary disease,

but one familial case has been reported (Contarino et al.,

2006).

OT is considered an idiopathic condition. Other move-

ment disorders often occur together with it for unknown

reasons. Parkinson’s disease, vascular parkinsonism, and

restless legs syndrome have all been described in OT, but

none of these conditions are apparently pathophysiologi-

cally related. It is of special interest that dopaminergic

terminals are significantly reduced in this condition, but

clinical trialswith L-dopa and dopamine agonists aremostly

unsuccessful (Katzenschlager et al., 2003).

Arm tremormay occur in roughly half of the patients and

is usually more evident during stance (Boroojerdi et al.,

1999; McAuley et al., 2000). The high-frequency EMG

pattern is coherent in all the muscles of the body (Britton

and Thompson, 1995), leading to the hypothesis that a

bilaterally descending system must underlie OT. Such

projections originate only from the brainstem and not from

the hemispheres. Therefore, the generator for this tremor is

assumed to be located within the brainstem or cerebellum

(Wu et al., 2001). The differential diagnosis is broad, as

other idiopathic tremors, like essential tremor and cerebel-

lar tremor, can present with similar complaints. The most

important test to separate them is electromyography.

Treatment

Orthostatic tremor has been documented to be responsive to

clonazepam and primidone. Valproate and propranolol

were applied in single cases with variable success. Abnor-

malities of dopaminergic innervation of the striatum have

been described although L-Dopa has not consistently shown

efficiency (Katzenschlager et al., 2003; Wills et al., 1999).

Pramipexol has been useful in one case (Finkel, 2000).

According to small, double-blind studies (Evidente et al.,

1998; Onofrj et al., 1998) gabapentin seems to have an

Table 11.1 Causes of enhanced physiologic tremor.

Metabolic disturbances (Hyperthyroidism,

Hyperparathyroidism, Hypoglycaemia, Hepatic

encephalopathy, Magnesium deficiency,

Hypocalcaemia, Hyponatraemia)

Toxins (Mercury, Lead, Manganese, Alcohol, DDT,

Lindan)

Drugs (Neuroleptics, Metoclopramide, Antidepressants

(tricyclics), Lithium, Cocaine, Alcohol,

Sympathomimetics, Steroids, Valproate,

Antiarrhythmics (Amiodarone), Thyroid-hormones,

Cytostatics, Immunodepressants)

Others (anxiety, fatigue, sympathetic reflex dystrophy,

withdrawal of alcohol or drugs)
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excellent and most consistent beneficial effect, confirmed

by objective measurements (Rodrigues et al., 2006;

Rodrigues et al., 2005). Meanwhile I recommend it as the

drug of first choice for orthostatic tremor (1800--2400mg

daily). The drug of second choice is clonazepam in our

hands. Deep brain stimulation was never reported, but one

case responded to spinal cord stimulation at the thoracic

level (Krauss et al., 2006).

DYSTONIC TREMOR SYNDROMES

Dystonic tremor is still an entity that is under debate and

different definitions have been proposed by clinicians

(Jedynak et al., 1991; Vidailhet et al., 1998). Its patho-

physiology is largely unknown, but is likely related to the

CNS (basal ganglia) abnormality postulated for dystonia

itself (Deuschl, 2003). Tremor associated with dystonia

may be a “forme fruste” of essential tremor (Marsden,

1976).

Typical dystonic tremor occurs in the body region

affected by dystonia. It is defined (Deuschl, 2003) as a

postural/kinetic tremor usually not seen during complete

rest. At onset and sometimes during the course of the

disease, dystonic tremor is focal and limited to one or two

extremities with irregular amplitudes and variable frequen-

cies (mostly below 7Hz). Some patients exhibit focal

tremors even without overt signs of dystonia. They have

been included among dystonic tremors (Rivest andMarsden,

1990) because some of them later develop dystonia. Special

forms of dystonic tremor are task-specific tremors like

dystonic voice tremor (Koda andLudlow, 1992) or dystonic

writing tremor (Elble, Moody and Higgins, 1990; Bain

et al., 1995). Dystonic jaw tremor has been proposed to be a

specific entity (Schneider and Bhatia, 2007).

Tremor associated with dystonia is a more generalized

form of tremor in extremities that are not affected by the

dystonia. This is a relatively symmetric, postural and

kinetic tremor usually showing higher frequencies than

actual dystonic tremor, often seen in the upper limbs

in patients with spasmodic torticollis (Munchau et al.,

2001).

The prevalence of dystonic tremor is unknown. In one

Brasilian cross-sectional study it was estimated to be

around 20% of patients with primary or secondary dystonia

(Ferraz et al., 1994), but seems to be more common in

cervical dystonia (Bartolome et al., 2003). In a large survey

among patients from a large Indian movement-disorder

center, dystonic tremor was diagnosed in 20% of all

patients, excluding Parkinson’s disease and ET (Shukla

and Behari, 2004).

In patients with dystonic tremors, antagonistic gestures

can lead to a reduction of the tremor amplitude. This is well

known for dystonic head tremor in the setting of spasmodic

torticollis. A reduction in tremor is seen when the patient

touches the head or only lifts the arm (Masuhr et al., 2000).

As this sign is absent in essential head tremor it can be an

important differential diagnostic hint in unclear head tre-

mors in which the dystonic posture is not obvious. The

effect of these maneuvers can sometimes be difficult to

observe clinically and it can be helpful to record surface

EMG from the affected muscles and look for EMG sup-

pression (Masuhr et al., 2000). Although almost exclu-

sively seen in dystonic tremor the sensitivity of the sign is

unknown. Other important, but less specific differential

diagnostic clues are the focal nature and relatively low

frequency of dystonic tremor. The tremor associated with

dystonia is more difficult to separate from ET, especially

when the accompanying dystonia has not evolved

completely.

Treatment

No controlled study of oral medication is available. A

positive effect of propranolol has been described earlier

in studies of dystonic head tremor. The efficacy of botuli-

num toxin for dystonic head (Jankovic et al., 1991) tremor

and for tremulous spasmodic dysphonia is well documen-

ted. A double blind study has also documented the efficacy

of botulinum toxin for hand tremor (Brin et al., 2001), but

the use of this drug for this indication is limited because of

the associated paresis. Dystonic tremor in the setting of

segmental or generalized dystonia has been successfully

treated with deep-brain-stimulation of the pallidum in a

controlled study (Kupsch et al., 2006). Stimulation of the

ventrolateral thalamus can also alleviate the tremor but can

occasionally lead to worsening of the dystonia itself.

Tremor associated with dystonia often responds to the

medication for classical essential tremor.

Experts sometimes recommend the use of anticho-

linergics or propranolol/primidone. For drug dosages see

Table 11.2.

CEREBELLAR TREMOR SYNDROMES

The classical cerebellar tremor is an intention tremor

occurring uni- or bilaterally depending on the underlying

cerebellar disease. The tremor frequency is almost always

below 5Hz. Simple kinetic and postural tremor may be

present. Some patients with amild cerebellar ataxia present

with an isolated postural and simple kinetic tremor above

5Hz, resembling essential tremor (Deuschl et al., 1998b).

Titubation is another tremor manifestation of cerebellar

disease and is a low-frequency oscillation (around 3Hz) of

the head and trunk depending on postural innervation. If the

low frequency action tremor is severe it may sometimes be

seen in a seemingly resting position because the patient is

unable to completely relax.
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Intention tremor is a characteristic form of tremor that

can usually be separated from other tremors clinically. But

intention tremor can also occur in advanced ET. In this case

the most important clinical clue is the degree to which

ataxia is present and the absence of clinically detectable

oculomotor abnormalities in ET. While in ET only a mild

dysmetria and tandem gait disturbance (Stolze et al., 2001)

have been described, this dominates the cerebellar syn-

drome, in which lesions or atrophy can often be seen in

brain imaging studies.

As this type of tremor can be caused by various etiolo-

gies, no epidemiologic data is available. One of the most

common causes of cerebellar tremor certainly is demyelin-

ating lesions in multiple sclerosis (Alusi et al., 2001a).

Cerebellar strokes can also present with tremor especially

when the brainstem is involved (Louis et al., 1996).

Degenerations of cerebellar neurones of various etiologies

often produce tremor. Hereditary ataxias, particularly SCA

12, 16, and 21, can produce tremor. Toxic cerebellar

degeneration due to alcohol abuse predominantly of the

anterior lobe is common and often presents with low

frequency (2--3Hz) stance tremor in the anterior-posterior

direction (Neiman et al., 1990).

The pathophysiology of the classical cerebellar intention

tremor seems to be distinct from the other central tremors,

as it is not believed to be due to a central oscillator, but to

alterations of feedback loops. One of the striking abnor-

malities in cerebellar dysfunction is a delay of the second

and third phase of the triphasic EMG pattern in ballistic

movements (Hallett et al., 1975) or a delay of the reflexes

regulating stance control (Mauritz et al., 1981). During

goal-directed movements, this will cause the breaking

movement to occur too late and thereby produce an over-

shoot with a subsequent abnormal correction movement,

Table 11.2 Dosages of various substances applied for the treatment of tremor.

Initial dose

Increase

in steps of High dose

L-Dopa and dopamine agonists

L-Dopa þ dopadecarboxylase

inhibitor

50mg 50mg/d 600mg

Bromocriptine 5mg 5mg/w 20mg

Lisuride 0.1mg 0.1mg/w 1.2mg

a-Dihydroergocryptin 10mg 10mg/w 90mg

Pergolide 0.15mg 0.10mg/d 3.0mg

Pramipexole 1.5mg 0.5mg/w 4.5mg

Ropinirole 3mg 1.5mg/d 15mg

Cabergoline 2mg 1mg/w 6mg

Rotigotine (patch) 2mg 2mg 8mg

Anti-cholinergics

Bornaprine 3mg 3mg/w 12mg

Metixen 7.5mg 7.5mg/w 60mg

Trihexyphenidyl 1mg 2mg/w 10mg

b-Blockers
Propranolol 30mg 30mg/w 240mg

Nadolol 10mg 30mg/w 120mg

Miscellaneous

Primidone 62.5mg 125mg/d 500mg

Clonazepam 0.5mg 0.5mg/d 6mg

Gabapentine 300 600mg/w 2400mg daily

Topiramate 20 20mg/d 300mg/d

Botulinum toxin Depending on muscle and product

Clozapine 12.5mg 12.5mg/d 75mg

Amantadine 100mg 100mg/d 300mg

Alprazolam 0.75mg 0.75mg/d 4mg

For some substances (e.g., anti-cholinergics) a slow titration is strongly recommended.
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thus producing a quasi-rhythmic movement which is

compatible with intention tremor. However, the higher

frequency postural and action tremors in some patients

with cerebellar diseasemore likely reflect the existence of a

separate central oscillator.

Treatment

Cerebellar tremors are difficult to treat and good results are

rare. Double-blind studies are lacking. Studies with cholin-

ergic substances (physostigmine, lecithine) have shown

improvement in some patients, but failed in the majority.

Isoniazid failed to show significant results (Hallett et al.,

1991). 5-HTP has been found to be effective in some

patients (Rascol et al., 1981; Trouillas et al., 1995). Open

studies or single case observations have shown favorable

results with amantadine, propranolol, clonazepam, carba-

mazepine, tetrahydrocannabiol and trihexyphenidyl. Leve-

tiracetam (50mg/kg/day) was positively tested in a pilot

trial (Striano et al., 2006). Cannabis is not effective (Fox

et al., 2004). Probably the best symptomatic improvement

can be obtainedwith deep-brain stimulation of the thalamus

or thalamotomy in selected patients (Alusi et al., 2001b;

Lozano, 2000; Schuurman et al., 2000). Thalamic stimula-

tion was found to be superior to thalamotomy. Functional

outcome after surgery, however, greatly varies and depends

on the presence of other motor symptoms of the disease.

Patients with MS-tremor with a frequency above 3Hz and

significant tremor-related disabilities were found to re-

spond favorably (Alusi et al., 2001b). Thus accelerometric

tremor recordings and frequency analysis may help to

distinguish patients with predominant MS tremor from

those with tremor and ataxia. Long-term follow-up studies

of larger cohorts are lacking.

Limited improvements have been observed after loading

of the shaking extremity, but most clinicians do not use it

because the patients adapt rapidly to the new weight.

Recommendations also often include physiotherapy.

HOLMES’ TREMOR

This is a rare symptomatic tremor due to a lesion. It

has been labelled under different names in the past

(rubral tremor, midbrain tremor, myorhythmia, tremor

of Benedikt’s syndrome). It is the only tremor with

resting, postural and intentional components. It typically

shows low frequencies (<4.5 Hz) and is often irregular

and not as rhythmic as other tremors. If the date of the

lesion is known (e.g., in case of a cerebrovascular acci-

dent) a variable delay between the lesion and the first

occurrence of the tremor is typical (mostly two weeks to

two years). This is among the most disabling forms of

tremor because it disturbs rest and all kinds of voluntary

and involuntary movements. It mainly affects the hand

and proximal arm and is mostly unilateral.

This unique tremor form is caused by a combined lesion

of the cerebellothalamic and nigrostriatal systems as

suggested by autopsy data (Masucci, Kurtzke and Saini,

1984), PET data (Remy et al., 1995) and clinical observa-

tions (Deuschl et al., 1999; Krack et al., 1994). Any lesion

involving fiber tracts from both systems can produce this

tremor. Thus, the exact location of the lesions seen in these

patients may vary.

Thalamic tremor (Miwa et al., 1996) can be difficult to

differentiate from Holmes’ tremor. This tremor is part of a

spectrum of symptoms including variable combinations of

dystonia, chorea and action tremor following lateral-

posterior thalamic insults, mostly strokes (Kim, 2001;

Lehericy et al., 2001). The “thalamic” tremor itself is a

mixture of action tremorwith an intentional component and

dystonia in the setting of a well-recovered severe hemi-

paresis. Proximal segments are often involved. This tremor

syndrome also develops with a certain delay after the initial

insult. The combination of tremor, dystonia and a severe

sensory loss is an important clue for the diagnosis, but

imaging is usually necessary.

Cerebellar tremor that continues under seemingly resting

conditions due to a lack of relaxation can be mistaken for

Holmes’ tremor. The irregularity, the lower frequency and

an accompanying parkinsonian syndrome can help to rec-

ognize Holmes’ tremor in this situation.

Treatment

No generally accepted therapy is available. Nevertheless,

treatment is successful in a higher percentage than for

patients with cerebellar tremor. Some patients respond to

levodopa, anti-cholinergics or clonazepam. For drug do-

sages see Table 10.2. The effect of functional neurosurgery

for this tremor syndrome is poorly documented. Such

patients have been operated on, but they were diagnosed

as post-traumatic tremors or post-stroke tremors and the

clinical features are not described in detail. Several patients

received thalamic surgery either with lesion or DBS (Kim

et al., 2002; Kudo et al., 2001; Nikkhah et al., 2004) with

some improvement.

PALATAL TREMOR SYNDROMES

Palatal tremors are rare tremor syndromes and can be

separated into two forms (Deuschl et al., 1990; Deuschl,

Toro and Hallett, 1994). Symptomatic palatal tremor (SPT)

is characterized by rhythmic movements of the soft palate

(levator veli palatini). This is clinically visible as a rhythmic

movement of the edge of the palate. Other brainstem-

innervated (leading to oscillopsia in case of eye muscle

involvement) or extremity muscles can also be involved
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(Masucci, Kurtzke and Saini, 1984). It typically follows a

brainstem/cerebellar lesion with a variable delay (Deuschl

and Wilms, 2002; Samuel et al., 2004) and is often associ-

ated with a cerebellar syndrome (Deuschl, Jost and Schu-

macher, 1996). Essential palatal tremor (EPaT) occurs

without any overt central nervous pathology and is charac-

terized by rhythmicmovements of the soft palate (tensor veli

palatini), usually with an ear click. The tensor contraction is

visible as a movement of the roof of the palate. Extremity or

eye muscles are not involved.

While the pathophysiologic basis of EPaT is unknown,

the emergence of SPT has been studied in detail and

carries important implications for central mechanisms of

tremors in general. After the cerebellar/brainstem lesion,

an inferior olivary pseudohypertrophy (which can be

demonstrated by MRI) develops most likely as a conse-

quence of an interruption of inhibitory GABAergic fibres

terminating in the inferior olive. Inferior olivary neurones

are prone to oscillate spontaneously and can be easily

synchronized through gap junctions (Llinas and Welsh,

1993). Thus, the disinhibition and hypertrophy will lead

to enhanced synchronized oscillations and builds the

basis for the rhythmic movement disorder. Interestingly

this rhythm is also reflected in rhythmic EMG inhibition

in extremity muscles, sometimes leading to a mild pos-

tural tremor (Deuschl et al., 1994). Therefore it has been

postulated that the inferior olive (and the olivocerebellar

system) may be a key structure in producing postural

tremors (Deuschl et al., 2001) and that these tremors are

characterized by a rhythmic inhibition of ongoing con-

tractions rather than rhythmic activation which may be

the basis of the etiologically different resting tremors

(Deuschl et al., 1994).

Treatment

The disability of patients with SPT is mostly due to other

clinical symptoms of the underlying cerebellar lesion. The

rhythmic palatal movement in SPT does not cause discom-

fort or disability for the patient except when the eyes are

involved or when there is an extremity tremor.

Oscillopsia is difficult to treat. Single cases have been

described with a favorable response to clonazepam. Other

oral drugs that have been proposed are trihexyphenidyl and

valproate. Botulinum toxin has been used for the treatment

of oscillopsia. The toxin can either be injected into the

retrobulbar fat tissue or individual eye muscles can be

targeted selectively (Leigh et al., 1994; Repka, Savino and

Reinecke, 1994). So far no controlled studies are available.

In our hands this treatment is helpful for some patients, but

is not always accepted for long-term use.

For the treatment of extremity tremors, single cases have

been reported to respond to clonazepam (Bakheit and

Behan, 1990) or trihexiphenidyl (Jabbari et al., 1989).

The only complaint of patients with EPaT is the ear click.

A number of medications have been reported to be suc-

cessful: valproate (Borggreve and Hageman, 1991), trihex-

yphenidyl (Jabbari et al., 1989) and flunarizine (Cakmur

et al., 1997). Recently sumatriptane has been found to be

effective in a few patients (Gambardella and Quattrone,

1998; Scott, Evans and Jankovic, 1996), but was unsuc-

cessful in others (Pakiam and Lang, 1999). The antagonism

of 5-HT receptors may thus play a role, at least for some of

the patients. As a long-term therapy this drug is not

applicable for various reasons. Presently the most estab-

lished therapy is the treatment of the click by injection of

botulinum toxin into the tensor veli palatini (Deuschl et al.,

1991). Low dosages of botulinum toxin (e.g., 4--10 units

Botox) are injected under electromyographic guidance.

The critical point is to ascertain with endoscopy and

electromyography, through an EMG-injection needle iso-

lated until the tip, that the needle is definitely placed within

the tensor muscle. Spread of botulinum toxin in the soft

palate or too large dosages can otherwise cause severe side

effects of dysphagia.Althoughwe have never seen any such

complications in our patients, it must be mentioned that

injection of botulinum toxin into the palatal muscles in

rabbits has been introduced as an animal model for middle

ear infections.

TREMOR SYNDROMES IN PERIPHERAL
NEUROPATHY

Several peripheral neuropathies regularly present with

tremors. The tremors are mostly postural and action tre-

mors. The frequency in hand muscles can be lower than in

proximal arm muscles. Abnormal position sense need not

be present.

Dysgammaglobulinaemia and chronic Guillain--Barr�e
syndrome are the acquired neuropathies presenting most

frequently with tremor. In a series of 62 patients with

dysgammaglobulinaemic polyneuropathy, postural and

action tremor of the hands was present in 70--80% of the

cases (Yeung et al., 1991). However, it only rarely repre-

sents the dominant source of disability in these patients

(Busby et al., 2003). A similar type of tremor can be

observed in around 40% of patients with hereditary poly-

neuropathy (HMSN). Many of these patients have a family

history of tremor (Cardoso and Jankovic, 1993).

The tremor in dysimmune neuropathies seems to be

somewhat related to the severity of the peripheral neuronal

damage and it has been postulated that an abnormal pe-

ripheral feedback to central tremor-generating structures

could be the basis for the tremor enhancement in this

situation (Bain et al., 1996).

The tremor in HMSN seems to be largely unrelated to the

severity of neuropathic syndromes and it may also occur

in family members without a neuropathy. Thus it has been

198 TREMOR DISORDERS



suggested that it is genetically related to ET (Cardoso and

Jankovic, 1993). There is an ongoing debate as to whether

the combination of a hereditary neuropathy with postural

tremor (Roussy--Levy syndrome) actually constitutes a

distinct disease entity (Plante-Bordeneuve et al., 1999).

Treatment

Noconvincing therapies are reported for this type of tremor.

Successful treatment of the underlying neuropathy can

improve the tremor in some of the patients (Dalakas,

Teravainen and Engel, 1984). In our hands, propranolol

and primidone have been helpful for some patients at

similar dosages as for essential tremor. One patient was

successfully implanted with DBS electrodes (Ruzicka

et al., 2003).

PSYCHOGENIC TREMOR

Psychogenic tremors have very diverse clinical presenta-

tions and are a specific variant of psychogenic movement

disorders (see Chapter 31 on psychogenic movement dis-

orders). Most of these tremors are action tremors, but many

also remain during rest and often show very unusual

combinations of rest/postural and intention tremors (Kim,

Pakiam and Lang, 1999). Typical clinical features are a

sudden onset and sometimes spontaneous remissions, de-

crease of tremor amplitude or variable frequency during

distraction, selective disability and a positive “co-activation

sign.” This is tested as with rigidity testing at the wrist.

Variable, voluntary-like force exertion can be felt in both

movement directions (Deuschl et al., 1998c). Some of the

patients have a history of somatizations in the past, or

additional, unrelated (psychogenic) neurologic symptoms

and signs (Deuschl et al., 1998c).

In a large series of 842 patients presenting with a

movement disorder, only 3.3% were diagnosed with psy-

chogenic movement disorders. Among those psychogenic

tremor was the most common diagnosis (50%) (Factor,

Podskalny and Molho, 1995).

Pathophysiology and Etiology

Two pathogenetic mechanisms seem to play a role in

psychogenic tremor. Voluntary-like rhythmic movements

can be detected by coupled (coherent) tremor oscillations in

different limbs. This resembles the situation in voluntarily

sustained rhythmic movements in normal subjects, as it is

extremely difficult to keep up two completely independent

rhythms in different limbs (Brown and Thompson, 2001;

McAuley et al., 1998). In pathologic, organic tremor

(clearly involuntary rhythmic movements) the oscillations

are typically independent between different limbs (Lauk

et al., 1999; Raethjen et al., 2000) but generally not in

psychogenic tremor. Such independent rhythms can rarely

be found in psychogenic tremor patients (Raethjen et al.,

2004b). They most likely represent physiological oscilla-

tions based on a clonus-like mechanism, which is enhanced

by the ongoing co-contraction of antagonistic muscles

detected as the co-activation sign. These findings may

easily explain the motor control mechanisms underlying

these tremors. They do not allow conclusions on the

underlying psychological mechanisms.

Psychogenic tremor has a very variable presentation and

can mimic virtually all organic tremors. Thus, the tremor

phenomenology does not help to differentiate them. The

typical conditions of tremor appearance or disappearance,

enhancement or attenuation described above are important

clinical clues. The coupling between the oscillations in both

arms, which is only present in psychogenic tremor and is

absent in organic tremors (other thanOT), can be used as an

electrophysiological diagnostic tool. The surface EMG

from both arm muscles can be analyzed using “coherence”

which is a reliable mathematical measure of the oscillatory

coupling. If the patients only show unilateral tremor, a

voluntarily sustained rhythmic hand movement on the

unaffected side is related with the tremor on the affected

side (“coherence entrainment test”) (McAuley and

Rothwell, 2004). This test is very specific and the

“entrainment” of psychogenic tremor by a contralateral

rhythmic movement can sometimes be visible even clini-

cally. However, it is not very sensitive, as some psycho-

genic tremor patients show unrelated rhythms in different

limbs, resembling organic tremors (Raethjen et al., 2004b).

An accelerometric quantification of the distractibility can

also be helpful (Zeuner et al., 2003).

Treatment

Studies on the treatment effects in psychogenic tremor are

rare (Koller et al., 1989). Anti-depressants may be helpful

(Voon and Lang, 2005). Psychotherapy is helpful only in

the minority of patients. We recommend physiotherapy

aiming to avoid co-contraction of the muscles during

voluntary movements. Additionally we administer pro-

pranolol at medium or high dosages to desensitize the

muscle spindles, which are necessary tomaintain the clonus

mechanism in these patients. Conclusive data on the prog-

nosis and long-term outcome in these patients are lacking

(see also Chapter 13), but the prognosis is generally

believed to be poor (Feinstein et al., 2001).
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Pathophysiology of Dystonia
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DEFINITION AND CLINICAL
CLASSIFICATION

Dystonia is a disorder characterized by involuntary move-

ments of sustained muscle contractions, causing prolonged

movements or abnormal postures. Movements are often

twisting in nature, meaning rotatory about the long axis of a

body part. Some patients may also have quick movements,

called myoclonic dystonia, or tremor, but ordinarily there

will have to be some sustained movements for dystonia to

be recognized as such. Dystonia can be present during rest,

but in general is more likely to appear when the patient is

engaged in voluntary activity, called action dystonia. Vol-

untary movements are slow, clumsy and characterized by

overflow (excessive activity in muscles not needed for the

task). Sometimes sensory input can ameliorate the dysto-

nia, at least briefly; this phenomenon is referred to as a

sensory trick or geste antagoniste. The most common

sensory trick is seen in cervical dystonia where a finger

placed on the side of the face will alleviate the dystonia.

Dystonia can be present in any part of the body, and can

be classified as focal, segmental, multi-focal, generalized,

or hemidystonia. Focal means that one body part is affected

and includes conditions such as blepharospasm, cranial

dystonia, spasmodic dysphonia, cervical dystonia, and

writer’s cramp. Cranial dystonia encompasses blepha-

rospasm, oromandibular dystonia and lingual dystonia.

Spasmodic dysphonia comes in two varieties, adductor,

the more common, causing a strained, strangled voice, and

abductor, causing a breathy voice. Cervical dystonia in-

volves different movements of the neck; torticollis or

twisting is most common. Segmental implies two or more

contiguous regions, such as involvement of a whole limb

with the associated part of the trunk.Multi-focal is multiple

non-contiguous regions. Hemidystonia denotes one side of

the body. Generalized implies a whole body affection.

There is no laboratory test to prove that a patient has

dystonia, it is a clinical diagnosis. At least in the primary

forms, there are no routine imaging abnormalities, and no

blood or CSF findings (Albanese et al., 2006).

ETIOLOGIC CLASSIFICATION

Genetic Etiologies

Dystonia can be primary, meaning largely genetic in origin,

or secondary.Genes for the dystonias are being identified on

a regular basis, and the genetic classification and genes or

linkages are listed in Table 12.1 (de Carvalho Aguiar and

Ozelius, 2002; Bressman, 2003; Tarsy and Simon, 2006).

Hereditary childhood onset dystonia (idiopathic torsion

dystonia, DYT1) most commonly starts between 6 and 12

years of age with dystonia of the foot while walking. The

illness is then slowly progressive and becomes generalized.

The onset is before age 28 in the majority of cases. The

disorder is usually autosomal dominant with reduced pen-

etrance both in Jews and non-Jews (Bressman et al., 1994a).

The abnormal gene, located on chromosome 9q, produces a

protein called torsin A, whose function is not yet known

(Ozelius et al., 1997). Most mutations are a GAG deletion,

but a second mutation has been identified (Leung et al.,

2001), and there will likely be others. Genetic testing is

possible (Albanese et al., 2006).

There is a good deal of work trying to identifywhat torsin

A does and how a mutation in it causes disease. Torsin A

is closely associated with the nuclear envelope. There is

some evidence that the mutation causes a loss of function

(Goodchild, Kim andDauer, 2005), and other evidence that

it causes a gain of function (Hewett et al., 2006; Kock et al.,

2006). Animal models can be made with mutant torsin A,

and physiological studies of these animals should be helpful

(Pisani et al., 2006).

There is now demonstrated pathology in DYT1 dystonia,

although, surprisingly, not in the basal ganglia. Perinuclear

inclusion bodies in the midbrain reticular formation and

periaqueductal graywere seen in four clinically documented
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and genetically confirmed DYT1 patients, but not in

controls (McNaught et al., 2004). The inclusions were

located within cholinergic and other neurons in the

pedunculopontine nucleus, cuneiform nucleus and

griseum centrale mesencephali and stained positively for

ubiquitin, torsinA, and the nuclear envelope protein lamin

A/C. There were also tau/ubiquitin-immunoreactive ag-

gregates in pigmented neurons of the substantia nigra pars

compacta and locus coeruleus in all four DYT1 dystonia

cases, but not in controls. How this pathology relates to

disease genesis is not yet clear.

There are also other genes for autosomal dominant dys-

tonia, even with clinically similar presentations (Bressman

et al., 1994b). These include DYT4, DYT6, DYT7 and

DYT13 (de Carvalho Aguiar andOzelius, 2002). Of course,

there are many clinically similar patients for whom the gene

is not yet identified (Elia et al., 2006; Fasano et al., 2006).

Dopa-responsive dystonia (DYT5), also known as

Segawa’s disease or hereditary progressive dystonia with

marked diurnal fluctuation, is another childhood-onset,

autosomal-dominant disorder with a number of clinical

characteristics that are helpful in diagnosis. The disorder

is much better in the morning and after a rest. Signs and

symptoms are generalized and there is often an appearance

of spasticity as well as dystonia. These patients respond

well to small doses of levodopa. The etiology for the

disorder is most commonly a mutation in the GTP cyclo-

hydrolase I gene which leads to a deficiency in the produc-

tion of dopamine (Ichinose, Ohye and Takahashi, 1994;

Segawa, Nomura and Nishiyama, 2003; Furukawa, 2004).

Table 12.1 The genetic dystonias.

Locus Designation

Mode of

Inheritance

Chromosome

location Protein

DYT1/TOR1A Early-onset primary torsion dystonia,

Oppenheim’s dystonia

AD 9q34 TorsinA

DYT2 Autosomal recessive primary torsion

dystonia (uncertain)

AR Unknown Unknown

DYT3 X-linked dystonia-parkinsonism, Lubag X-linked Xq13.1 Multiple transcript

system called DYT3

DYT4 Non-DYT1 primary torsion dystonia,

predominant whispering dysphonia

AD Unknown Unknown

DYT5/GCH1 Dopa-responsive dystonia, Segawa

syndrome

AD 14q22.1--q22.2 GCH1

DYT5 Dopa-responsive dystonia AR Tyrosine hydroxylase

DYT6 Adolescent onset primary torsion

dystonia of mixed type,

German-Mennonite origin

AD 8p21--8q22 Unknown

DYT7 Adult-onset focal primary torsion

dystonia (uncertain)

AD 18p11.3 Unknown

DYT8/PNKD Paroxysmal dystonic choreoathetosis/

non-kinesiogenic dyskinesia

AD 2q25--q33 Myofibrillogenesis

regulator 1

DYT9/CSE Paroxysmal choreoathetosis with

episodic ataxia and spasticity

AD 1p13.3--p21 Unknown

DYT10/PKD Paroxysmal kinesiogenic dystonia/

choreoathetosis

AD 16p11.2--q12.1 Unknown

DYT10 Paroxysmal kinesiogenic dystonia/

choreoathetosis

16q13--q22.1 Unknown

DYT11 Myoclonus dystonia AD 7q21--q31 e-sarcoglycan
DYT11 Myoclonus dystonia (uncertain) AD 11q23 Dopamine D2 receptor

DYT12 Rapid-onset dystonia-parkinsonism AD 19q13 ATP 1A3

DYT13 Early and late-onset focal or segmental

dystonia

AD 1p36.13 Unknown

DYT15 Myoclonus dystonia AD 18p11 Unknown
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GTP cyclohydrolase I is the rate-limiting enzyme in the

synthesis of tetrahydrobiopterin from GTP (Figure 12.1).

Tetrahydrobiopterin, in turn, is a co-factor for tyrosine

hydroxylase in the synthesis of levodopa from tyrosine.

Since the gene has been identified, the clinical spectrumof

the disorder has been expanded to include adult-onset

parkinsonism, oromandibular dystonia, spontaneously

remitting dystonia, spasticity with developmental delay

mimicking cerebral palsy and generalized hypotonia

with proximal weakness (de Carvalho Aguiar and

Ozelius, 2002). There have been so many individual

mutations found that it is not possible to do genetic testing

easily.

Mutations in the tyrosine hydroxylase gene can also be

responsible for an autosomal recessive form of the disorder,

which is still included under the designation of DYT5

(Ludecke, Dworniczak and Bartholome, 1995; de Carvalho

Aguiar and Ozelius, 2002; Furukawa, Kish and Fahn,

2004). There is also a severe form of tyrosine hydroxylase

deficiency with non-responsive dystonia and encephalopa-

thy (Hoffmann et al., 2003).

DYT14 was another described genetic defect that could

lead to dopa-responsive dystonia, but the gene was not

known (Grotzsch et al., 2002). In amore recent report, it has

now been identified that this was a mistake, and the genetic

defect was really DYT5 (Wider et al., 2008).

Myoclonus dystonia (DYT11) is an autosomal dominant

syndrome where symptoms include dystonic myoclonus as

well as more prolonged spasms (Gasser et al., 1996).

Tremor, similar to essential tremor, may also be present.

There is often a marked response to ethanol. In many

families, the genetic abnormality has been identified to

be in the protein e-sarcoglycan (Zimprich et al., 2001;

Asmus et al., 2002). Interestingly, this gene is maternally

imprinted, that is, the maternal gene is more likely to be

expressed in the brain (Grabowski et al., 2003). This

finding is an example of how genetic disorders can be

modified by other factors that are not environmental. There

is only little information on how the mutation might

cause disease (Esapa et al., 2007). The spectrum of DYT11

includes obsessive-compulsive disorder (Hess et al., 2007),

and possibly even depression (Misbahuddin et al., 2007).

There is certainly genetic heterogeneity (Grimes et al.,

2001; Han et al., 2003; Schule et al., 2004), and at least one

family is linked to another site and has been designated

DYT15 (Grimes et al., 2002; Han et al., 2007). There has

been some consideration of the D2 receptor also, but this is

likely just a polymorphism.

Lubag is an X-linked, recessive dystonia-parkinsonism

syndrome (Waters et al., 1993) primarily found in the

Philippine Islands. The disorder appears to originate from

mutations in a multiple transcript system called DYT3

(Nolte, Niemann and Muller, 2003). There are at least

16 exons and 4 transcripts. The pathology of this disorder

is particularly interesting. The striosome compartment of

the striatum is severely depleted of neurons, but the matrix

is relatively spared (Goto et al., 2005). This could give rise

to an imbalance of output from the basal ganglia.

Rapid-onset dystonia-parkinsonism (DYT12) is a strik-

ing autosomal-dominant disorder characterized by abrupt

onset of dystonia, usually accompanied by signs of parkin-

sonism. In families, there is variable expressivity and

reduced penetrance. The sudden onset of symptoms over

hours to a few weeks, often associated with physical or

emotional stress, suggests a trigger initiating a nervous

system insult that results in permanent neurologic disability.

In seven unrelated families, there were six missense muta-

tions in the gene for the Naþ/Kþ -ATPase a3 subunit

Tyrosine

Synthesis of Dopamine

Tyrosine Hydroxylase

DOPA Decarboxylase

GTP Cyclohydrolase I

Tetrahydrobiopterin GTP

DOPA

Dopamine

Figure 12.1 Biochemical pathway for the synthesis of dopamine, illustrating the role of GTP cyclohydrolase I.
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(ATP1A3) (de Carvalho Aguiar et al., 2004). These muta-

tions likely impair enzyme activity or stability.

The focal dystonias are usually sporadic and occur in

later life. Patients may have more than one focal dystonia

(Weiss et al., 2006), although progression to generalized

disease is uncommon. There is likely a genetic basis,

with reduced penetrance (Defazio et al., 2003a, 2003b;

Defazio, Berardelli and Hallett, 2007). One family with

spasmodic torticollis (DYT7) has a genetic linkage to

chromosome 18p (Leube et al., 1996), but this linkage has

not been confirmed. A polymorphism in the dopamine D5

receptor has been associated with focal dystonia, but this

also has not been confirmed (Brancati et al., 2003). Torsin

A haplotypes may predispose to primary dystonia also

(Clarimon et al., 2005; Kamm et al., 2006; Clarimon

et al., 2007), but this has not been seen in studies of all

groups (Hague et al., 2006).

The hope, of course, is that a solid understanding of the

genetic abnormalities and resultant cell biological derange-

ments can be reversed by specific therapies. Etiological

treatment is to be preferred. Pre-natal testing, at least for

DYT1 dystonia, can be used to prevent dystonia.

Secondary Etiologies

Secondary dystonia can be caused by a variety of neurologic

disorders including Parkinson’s disease, Wilson’s disease,

gangliosidoses, leukodystrophies, Leigh’s disease, Pantothe-

nate Kinase Deficiency, the juvenile form of Huntington’s

disease, corticobasal ganglionic degeneration and structural

brain lesions (Table 12.2). Patients with cerebral palsy

commonlyhave dystonia. Theoverwhelmingpreponderance

of lesions that cause dystonia is in the basal ganglia or its

pathways. Lesions in the putamen, caudate and thalamus can

give rise to dystonia (Marsden et al., 1985; Pettigrew and

Jankovic, 1985; Bathia and Marsden, 1994). It is this ana-

tomical fact thathas led to thewidespreadview that dystonias

arise from abnormalities of the basal ganglia, even when no

pathology is evident.One formof secondary dystonia is post-

hemiplegic dystonia. In this situation, a stroke or other brain

lesion,whichmanifests with early hemiplegia, also produces

dystonia months or years later (Scott and Jankovic, 1996).

The etiology is not clear, but this must be a manifestation of

some aberrant plasticity.

There is also some evidence that dystonia might arise

from cerebellar abnormalities (Jinnah and Hess, 2006).

Patients have been described with ataxia and dystonia who

have cerebellar, but not obvious basal ganglia abnormali-

ties (Le Ber et al., 2006). Additionally, there are some

animal models of dystonia where the pathological process

appears to involve primarily the cerebellum.

Dystonia apparently can also result from peripheral

trauma. This is somewhat controversial, but it does seem

more frequent than chance that dystonia develops in a

traumatized body part (Jankovic, 2001). Nerve injury does

not seem necessary. This type of post-traumatic dystonia

can be associated with complex regional pain syndrome

(CRPS), which itself is a controversial outcome of periph-

eral trauma (Bhatia, Bhatt andMarsden, 1993;Verdugo and

Ochoa, 2000). CRPS is divided into CRPS I, where there is

no nerve injury, also called reflex sympathetic dystrophy,

and CRPS II, where there is nerve injury, also called

causalgia.

Dystonia can also be psychogenic (Lang, 1995). Of the

psychogenic movement disorders, dystonia is one of

the frequent sub-types. Psychogenic movement disorders

are dealt with in Chapter 26, but, briefly, clinical charac-

teristics include sudden onset and remission, paroxysmal

Table 12.2 Heredodegenerative and metabolic
disorders sometimes causing dystonia.

Wilson’s disease

Parkinsonian syndromes

Parkinson’s disease

Juvenile parkinsonism (PARKIN mutations)

Multi-system atrophy

Corticobasal degeneration

Progressive supranuclear palsy

Globus pallidus degenerations

Pantothenate kinase deficiency due to PANK2 mutations

Familial basal ganglia calcifications

Huntington’s disease

Spinocerebellar degenerations

Lysosomal storage disorders

Dystonic lipidosis

Ceroid lipofuscinosis

Metachromatic leukodystrophy

GM1 and GM2 gangliosidosis

Neimann--Pick disease type C

Krabbe’s disease

Pelizaeus--Merzbacher disease

Organic aminoacidurias

Glutaric acidemia

Homocysteinuria

Hartnup’s disease

Methylmalonic aciduria

Mitochondrial disorders

Leigh’s disease

Leber’s plus dystonia

X-linked dystonia-deafness

Neuroacanthocytosis

Lesch--Nyhan syndrome

Ataxia--telangiectasia

(From Tarsy and Simon (2006) with permission.)
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nature, fixed postures, improvement with distraction, and

lack of a sensory trick (Hallett, 2006c). Despite the fact that

there are physiological abnormalities seen in dystonia that

will be described below, surprisingly, many of these are

shared in psychogenic dystonia (Espay et al., 2006). Per-

haps this indicates that if there is a certain type of physio-

logical abnormality, this can, in the right circumstances,

lead to either organic or psychogenic dystonia. In any event,

physiological testing, at present, cannot separate the two

etiologies.

PHYSIOLOGY OF DYSTONIA

There has been a considerable amount of work trying to

understand the pathophysiology of focal dystonia on an

integrative level. The abnormalities identified can be of two

types: (i) a reflection of the genetic abnormality indicating

the substrate on which the dystonia develops, and (ii) a

reflection of the developed dystonia on the background

substrate. As most of the abnormalities found characterize

not only the affected body part, but also non-affected body

parts, it is thought that these likely represent the back-

ground substrate. There are three general lines of work at

the present time that may indicate the physiological sub-

strate for dystonia, loss of inhibition, increased plasticity

and abnormal sensory function.All three are persuasive and

it is not clear whether they are related to each other or

whether one is more fundamental than the others.

Loss of Inhibition

A principal finding in focal dystonia is that of loss of

inhibition (Hallett, 2004). Loss of inhibition is likely

responsible for the excessive movement seen in dystonia

patients. Excessive movement includes abnormally long

bursts of EMG activity, co-contraction of antagonist mus-

cles, and overflow of activity into muscles not intended for

the task (Cohen andHallett, 1988). Loss of inhibition can be

demonstrated in spinal and brainstem reflexes. Examples

are the loss of reciprocal inhibition in the arm in patients

with focal hand dystonia (Nakashima et al., 1989; Panizza

et al., 1990) and abnormalities of blink reflex recovery in

blepharospasm (Berardelli et al., 1985). Loss of reciprocal

inhibition can be partly responsible for the presence of co-

contraction of antagonist muscles that characterizes volun-

tary movement in dystonia.

Loss of inhibition can also be demonstrated for motor

cortical function, including short intracortical inhibition,

long intracortical inhibition and the silent period. Short

intracortical inhibition (SICI) is obtained with paired pulse

methods and reflects interneuron influences in the cortex.

(Ziemann, Rothwell and Ridding, 1996) In such studies, an

initial conditioning stimulus is given, enough to activate

cortical neurons, but small enough that no descending

influence on the spinal cord can be detected. A second test

stimulus, at suprathreshold level, follows at a short interval.

Intracortical influences initiated by the conditioning stim-

ulus modulate the amplitude of the motor evoked potential

(MEP) produced by the test stimulus. At short intervals,

less than 5ms, there is inhibition that is likely largely a

GABAergic effect, specifically GABA-A (Di Lazzaro

et al., 2000). (At intervals between 8 and 30ms, there is

facilitation, called intracortical facilitation, ICF). There is a

loss of intracortical inhibition in patients with focal hand

dystonia (Ridding et al., 1995). Inhibition was less in both

hemispheres of patients with focal hand dystonia, and this

indicates that this abnormality is more consistent as a

substrate for dystonia.

The silent period (SP) is a pause in ongoing voluntary

EMG activity produced by TMS. While the first part of the

SP is due in part to spinal cord refractoriness, the latter part

is entirely due to cortical inhibition (Fuhr, Agostino and

Hallett, 1991). This type of inhibition is likely mediated by

GABA-B receptors (Werhahn et al., 1999). SICI and the SP

show different modulation in different circumstances and

clearly reflect different aspects of cortical inhibition. The

SP is shortened in focal dystonia.

Intracortical inhibition can also be assessed with paired

suprathreshold TMS pulses at intervals from 50 to 200ms

(Valls-Sol�e et al., 1992). This is called long intracortical

inhibition, or LICI, to differentiate it from SICI as noted

above. LICI and SICI differ as demonstrated by the facts

that, with increasing test pulse strength, LICI decreases,

but SICI tends to increase, and that there is no correlation

between the degree of SICI and LICI in different in-

dividuals (Sanger, Garg and Chen, 2001). The mechan-

isms of LICI and the SP may be similar in that both seem

to depend on GABA-B receptors. Chen et al., (1997)

investigated long intracortical inhibition in patients with

writer’s cramp and found a deficiency only in the symp-

tomatic hand and only with background contraction. This

abnormality is particularly interesting since it is restricted

to the symptomatic setting, and therefore might be a

correlate of the development of the dystonia.

There is also neuroimaging evidence consistent with a

loss of inhibition. Using positron emission tomography

(PET), dopamine D2 receptors have been found deficient

in focal dystonias (Perlmutter et al., 1997). There is also

direct evidence using magnetic resonance spectroscopy

(MRS) for reduced GABA concentration both in basal

ganglia andmotor cortex (Levy andHallett, 2002). Another

possible technique for looking at inhibition in the sensory

system is the investigation of the high-frequency oscilla-

tions after sensory stimulation. These are thought to reflect

inhibitory neuron function. These oscillations may be

decreased in patients with focal hand dystonia (Cimatti

et al., 2007).
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Loss of cortical inhibition in the motor cortex can give

rise to dystonic-like movements in primates. Matsumura

et al. showed that local application of bicuculline, a GABA

antagonist, onto the motor cortex led to disordered

movement and changed the movement pattern from recip-

rocal inhibition of antagonist muscles to co-contraction

(Matsumura et al., 1991). In a second study, they showed

that bicuculline caused cells to lose their crisp direction-

ality, converted unidirectional cells to bidirectional cells,

and increased firing rates of most cells, including making

silent cells into active ones (Matsumura, Sawaguchi and

Kubota, 1992).

There is a valuable animal model for blepharospasm

that supports the idea of a combination of genetics and

environment, and, specifically, that the background for the

development of dystonia could be a loss of inhibition

(Schicatano, Basso and Evinger, 1997). In this model, rats

were lesioned to cause a depletion of dopamine; this

reduces inhibition. Then the orbicularis oculi muscle

was weakened. This causes an increase in the blink reflex

drive in order to produce an adequate blink. Together, but

not separately, these two interventions produced spasms of

eyelid closure, similar to blepharospasm. Shortly after the

animal model was presented, several patients with blepha-

rospasm after a Bell’s palsy were reported (Chuke, Baker

and Porter, 1996; Baker et al., 1997). This could be a human

analog of the animal experiments. The idea is that those

patients who developed blepharospasm were in some way

predisposed. A gold weight implanted into the weak lid of

one patient, aiding lid closure, improved the condition,

suggesting that when the abnormal increase in reflex drive

was removed, the dystonia could be ameliorated (Chuke,

Baker and Porter, 1996).

A principle for function of the motor system may be

“surround inhibition.” Surround inhibition is a concept

well accepted in sensory physiology (Angelucci, Levitt

and Lund, 2002). Surround inhibition is not so well known

in the motor system, but it is a logical concept. When

making a movement, the brain must activate the motor

system. It is possible that the brain just activates the

specific movement. On the other hand, it is more likely

that the one specific movement is generated, and, simul-

taneously, other possible movements are suppressed. The

suppression of unwanted movements would be surround

inhibition, and this should produce a more precise move-

ment, just as surround inhibition in sensory systems

produces more precise perceptions. For dystonia, a failure

of “surround inhibition” may be particularly important,

since overflow movement is often seen and is a principal

abnormality.

There is now good evidence for surround inhibition in

humanmovement. Sohn et al., (2003) have shown that with

movement of one finger there is widespread inhibition of

muscles in the contralateral limb. Significant suppression

of MEP amplitudes was observed when TMS was applied

between 35 and 70ms after EMG onset. Sohn and Hallett,

(2004b) have also shown that there is some inhibition of

muscles in the ipsilateral limb when those muscles are not

involved in any way in the movement. TMS was delivered

to the left motor cortex from 3ms to 1000ms after EMG

onset in the flexor digitorum superficialis muscle. MEPs

from abductor digiti minimi were slightly suppressed dur-

ing the movement of the index finger in the face of

increased F-wave amplitude and persistence, indicating

that cortical excitability is reduced.

Surround inhibition was studied similarly in patients

with focal hand dystonia (Sohn and Hallett, 2004a). The

MEPs were enhanced similarly in the flexor digitorum

superficialis and abductor digiti minimi indicating a failure

of surround inhibition (Figure 12.2). Using another

experimental paradigm, Stinear and Byblow have also

found a loss of surround inhibition in the hand (Stinear

and Byblow, 2004) .

Increased Plasticity

There is an abnormal plasticity of the motor cortex in

patients with focal hand dystonia (Quartarone et al.,

2003). This has been demonstrated using the technique of

paired associative stimulation (PAS) (Stefan et al., 2000). In

PAS amedian nerve shock is pairedwith a TMS pulse to the

sensorimotor cortex timed tobe immediately after thearrival

of the sensory volley. This intervention increases the am-

plitude of theMEP produced by TMS to the motor cortex. It

has been demonstrated that the process of PAS produces

motor learning similar to long-term potentiation (LTP). In

patients with dystonia, PAS produces a larger increase in the

MEP than that seen in normal subjects. In PAS, if the timing

of the peripheral stimulus is such that the volley reaches the

sensorimotor cortex about 10ms prior to the TMS pulse,

then the amplitude of the MEP will be suppressed, and this

process is likely similar to long-term depression (LTD).

Patients who have dystonia also have a more marked

inhibition compared to normal subjects (Weise et al., 2006).

Another technique that shows increased plasticity is the

pairing of high-frequency stimulation of the supraorbital

nerve during the R2 of the blink reflex (Mao and Evinger,

2001). This leads to an increase in the R2, and this increase

is exaggerated in patients with blepharospasm (Quartarone

et al., 2006).

Plasticity of the motor system can also be assessed using

a method called theta-burst stimulation. This is a form of

rapid repetitive TMS where brief bursts at 50Hz are

delivered every 200ms. If given continuously for 300

pulses, thiswill cause inhibition of theMEP.This inhibition

is abnormally prolonged in patients with DYT1 dystonia or

with cervical dystonia (Edwards et al., 2006). However,

there was no abnormality seen in asymptomatic carriers of
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the DYT1 mutation. This suggests that the development of

abnormal plasticity is highly relevant in the genesis of

symptoms.

Another aspect of the abnormal plasticity is that not only

is the plasticity increased, but there is a failure of its

homeostatic property (Quartarone et al., 2005). The homeo-

static property is that plasticity ordinarily increases and

decreases within bounds. If, for example, the excitability

of the motor cortex is high, then it cannot be driven higher,

only lower. The recent finding, using several types of brain

stimulation, is that plasticity in dystoniamaynot be properly

bounded and may increase abnormally.

Increased plasticity may arise from decreased inhibition

so the inhibitory problem may well be more fundamental.

This abnormality may be an important link in demonstrat-

ing how environmental influences can trigger dystonia.

The possibility of increased plasticity in dystonia had

been suspected for some time given that repetitive activity

over long periods seems to be a trigger for its development.

An animal model supported this idea (Byl, Merzenich and

Jenkins, 1996). Monkeys were trained to hold a vibrating

manipulandum for long periods. After some time, they

became unable to do so, and this motor control abnormality

was interpreted as a possible dystonia. The sensory cortex

of these animals was studied, and sensory receptive fields

were found to be large. The interpretation of these results

was that the synchronous sensory input caused the receptive

field enlargement, and that the abnormal sensory function

led to abnormal motor function. The results suggested that

the same thing might be happening in human focal dysto-

nia; repetitive activity causes sensory receptive field

changes and leads to the motor disorder.

Sensory Abnormality

Stimulated by the findings of sensory dysfunction in the

primate model, investigators began examining sensory

function in patients with focal hand dystonia and found it

to be abnormal. Although there is no apparent sensory loss

on a clinical level, detailed testing of spatial and temporal

discrimination revealed subtle impairments (Molloy et al.,

2003). The abnormality is present on both hands of patients

with unilateral hand dystonia and also on hands of patients

with cervical dystonia and blepharospasm. Kinesthesia is

also abnormal (Putzki et al., 2006). The identification of

abnormality of sensation beyond the symptomatic body

parts indicated that the sensory abnormality could not be a

consequence of abnormal learning, but is more likely a pre-

existing physiological state. Further evidence for this point

comes from studies of patients who are asymptomatic

carriers of theDYT1mutation and showabnormal temporal

discrimination (Fiorio et al., 2007).
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Figure 12.2 Changes in motor-evoked potential (MEP) amplitude in the abductor digiti minimi (ADM) muscle in self-

triggered transcranial magnetic stimulation (TMS) at each interval (3, 15, 40, 80, 200, 500, and 1000ms) from electromyog-

raphy (EMG) onset of flexor digitorum superficialis (FDS) to TMS, compared with the resting state. (asterisk) Significant

difference between patients (filled circles) and healthy subjects (open circles) (p < 0.05). Note that the MEP amplitudes of

ADMare significantly suppressed in healthy subjects, but are enhanced in patients during voluntary flexion of the index finger.

From Sohn and Hallett, 2004a.
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Sensory dysfunction can also be demonstrated with

somatosensory-evoked potential (SEP) testing. The dipoles

of the N20 from stimulation of individual fingers show

disordered representation in the primary sensory cortex,

(Bara-Jimenez et al., 1998) (Figure 12.3) and these abnor-

malities are present on both hands of patients with focal

hand dystonia (Meunier et al., 2001). The bilateral SEP

abnormality was the first indication in the literature that the

sensory abnormality was more likely endophenotypic than

a consequence of repetitive activity. PET studies show that

the sensory cortex is more activated than normal with

writing and is more activated when patients are experienc-

ing more dystonia (Lerner et al., 2004). fMRI studies show

an increase in basal ganglia activation in patients when

doing spatial discrimination assessment, and this has been

interpreted as a loss of surround inhibition in sensory

processing (Peller et al., 2006). Voxel-based morphometry

studies in patients with focal hand dystonia show an

increase in gray matter in the primary sensory cortex

(Garraux et al., 2004). Such observations indicate that

dystonia is a sensory disorder as well as a motor disorder.

There have been other implications that sensorimotor

integration is abnormal. One piece of evidence comes

from evoked potential studies during a reaction-time task

(Murase et al., 2000). In this experiment, the imperative

stimulus was a median nerve stimulus used to trigger

the movement. In normal subjects the N30 peak is gated

in the reaction time, but this does not happen in patients

with focal hand dystonia. Other evidence comes from

studies of the influence of a sensory stimulus on the MEP

induced by TMS (Abbruzzese et al., 2001). At intervals of

about 200ms between a median nerve stimulus and the

TMS, there is a normal inhibition of the MEP (called long

afferent inhibition, LAI). In patients with focal hand dys-

tonia, the inhibition is converted to facilitation. It is con-

ceivable that a loss of inhibition in sensory systems could

give rise to this abnormality so that, once again, loss of

inhibition could possibly be themost fundamental disorder.

There are data from sensory function that are compatible

with loss of surround inhibition. Tinazzi et al. (Tinazzi

et al., 2000) studied median and ulnar nerve SEPs in

patients who had dystonia involving at least one upper

limb. They compared the amplitude of SEP components

obtained by stimulating the median and ulnar nerves

simultaneously (MU), the amplitude value being obtained

from the arithmetic sum of the SEPs elicited by stimulating

the same nerves separately (MþU). The ratio of MU:

(MþU) indicates the interaction between afferent inputs

from the two peripheral nerves. No significant difference

was found between SEP amplitudes and latencies for

individually stimulated median and ulnar nerves in dyston-

ic patients and normal subjects, but recordings in patients

yielded a significantly higher percentage ratio for spinal

N13, brainstem P14 and cortical N20, P27 and N30 com-

ponents. The authors state that “these findings suggest that

the inhibitory integration of afferent inputs, mainly propri-

oceptive inputs, coming from adjacent body parts is abnor-

mal in dystonia. This inefficient integration, which is

probably due to altered surrounding inhibition, could give

rise to an abnormal motor output and might therefore

contribute to the motor impairment present in dystonia.”

An indication of loss of surround inhibition in sensori-

motor integration is a finding from PAS studies. In normal

subjects, LTP-like PAS with median nerve stimulation

Figure 12.3 Somatosensory evoked potential (SEP) dipoles indicating position in the primary sensory cortex for stimulation

of the thumb (D1) and little finger (D5) in a single control subject, and a patient with focal hand dystonia. As in the control

subject, the D1 dipole should be about 1.5 cm lateral to the D5 dipole. In the patient, the dipoles are closer together and in the

wrong orientation with respect to each other. From Bara-Jimenez et al. 1998.
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increases the MEP only in median nerve innervated mus-

cles, but in patients with dystonia the abnormal increase is

also seen in ulnar nerve innervated muscles (Quartarone

et al., 2003). Similar abnormal spread of LTD-like PAS is

also seen in patients with dystonia (Weise et al., 2006).

All of the results of these physiological investigations

have been used to guide therapy. In general terms, there

have been attempts to increase inhibition, improve sensory

deficits, and to reverse the abnormal plastic changes with

new motor learning. The therapeutic approaches will be

described in subsequent chapters.
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INTRODUCTION

In the absence of curative therapies, the treatment of

dystonia is primarily aimed towards improvement of ab-

normal postures, reduction in pain and enhancement in

functional capacity and quality of life. The treatment op-

tions available for dystonia have recently been reviewed

(Balash and Giladi, 2004; Jankovic, 2006) and have

changed substantially with the introduction of botulinum

toxin for focal dystonia and deep brain stimulation for

intractable generalized dystonia. These areas will be ad-

dressed in subsequent chapters. In contrast, progress has

been slower in the development of clinically practical non-

pharmacologic and pharmacologic treatments for dystonia.

The evidence supporting the use of any of these therapeutic

interventions is largely based on open clinical trials, retro-

spective studies, case reports, clinical experience or small

controlled trials. There are many factors that have ham-

pered progress in these areas. One of the most important

impediments to development of new drugs for dystonia is

the absence of a clear understanding of the basic pharma-

cology of dystonia and the failure to identify specific

neurotransmitter abnormalities that could provide targets

for pharmacologic interventions. Other factors contributing

to the slow progress in this area include the heterogeneity

of dystonia, a disorder that has numerous different causes,

variable clinical features, and inconsistent responsiveness

to medications; the relatively low prevalence of dystonia;

and the availability of other effective interventions

(botulinum toxin and DBS). This chapter will review the

non-pharmacologic and medical therapeutics of dystonia.

Subsequent chapters will address chemodenervation and

surgical interventions.

NON-PHARMACOLOGIC
INTERVENTIONS

The non-pharmacologic interventions for dystonia are

based on clinical observations and current understandings

of the neurological mechanisms of dystonia. From obser-

vations of sensory tricks, and elucidation of the

electrophysiological abnormalities detailed in the previous

chapter, innovative interventions have been suggested to

increase central inhibition, reduce sensory abnormalities

and normalize changes in central plasticity. Experimental

non-pharmacologic therapies, while currently under inves-

tigation, have not been established as practical, widely

applicable interventions, but will be summarized. Most

studies are open-label, providing class IV evidence.Despite

the lack of evidence, the utility of these ancillary methods

of improving dystonia should be evaluated in individual

patients.

Maximizing Sensory Tricks

The effect of sensory tricks (geste antagoniste) in alleviat-

ing dystonia is a feature of dystonia (Jahanshahi, 2000).

Several anecdotal reports indicate that tricks may be useful

as a therapeutic intervention. Examples of these include an

appropriately fitted ankle-foot orthotic (Hurvitz et al.,

1988), dental devices for oromandibular dystonia (Frucht

et al., 1999) and a variety of writing devices for writer’s

cramp (Ranawaya and Lang, 1991; Tas et al., 2001; Baur

et al., 2006). Occupational therapists with knowledge of

dystonia may be able to optimize sensory tricks and avoid

the need for more invasive therapies.

Therapeutics of Parkinson’s Disease and Other Movement Disorders    Edited by Mark Hallett and Werner Poewe
© 2008 John Wiley & Sons, Ltd. ISBN: 978-0-470-06648-5



Limb Cooling

Coolingoftheinvolvedlimbhasbeenreportedtobeofbenefit

in somepatientswith handdystonia (Pohl et al., 2002). Limb

cooling requires immersion in 15 �C cold water for five

minutes. In 10 patients with writer’s cramp, limb cooling

improved the writing performance for up to 25 minutes

following cold-water immersion. This improvement was

postulatedtoarisefromareduction inmusclespindleafferent

activity due to lowered temperatures.

Repetitive Transcranial Magnetic Stimulation

Repetitive transcranial magnetic stimulation (rTMS) pro-

vides a method for producing cortical effects that are either

excitatory (at high rates of stimulation: >5Hz) or inhibitory
(at low stimulation frequencies: <1Hz) (Chen, 2000).

These excitatory or inhibitory effects can be directed

towards particular cortical regions through appropriate

placement of the TMS coil. Application of inhibitory

stimulation using rTMS at 1Hz to the hand area of the

contralateral motor cortex in 16 patients with simple or

dystonic writer’s cramp showed improvement in handwrit-

ing in 8 out of 16 patients, with marked improvement in 6.

The benefit in these patients was sustained for more than

three hours, with two patients having persistent improve-

ment after several days. Sham stimulation with the coil

placed anterior to the motor cortex did not result in any

improvement (Siebner et al., 1999). A subsequent study in

nine right-handed patients with dystonic writer’s cramp

using rTMS at 0.2Hz delivered in random order to the

motor cortex (MC), premotor cortex (PMC) and supple-

mentary motor cortex (SMC) showed significant improve-

ment following PMC stimulation but not after SMC,MC or

sham stimulation (Murase et al., 2005).

Repetitive transcutaneous electrical nerve stimulation

(TENS) of the forearm flexor muscles has been shown to

improve handwriting in patients with writer’s cramp. This

was associated with a reduction in the motor-evoked poten-

tials in the flexor carpi radialismuscle after TMS, suggesting

alterations in cortical excitability through manipulation of

peripheral sensory inputs (Tinazzi et al., 2005; Tinazzi

et al., 2006). Whether practical therapeutic approaches can

be derived from these observations remains to be shown.

Sensory Motor Retuning and Constraint Therapies

Sensory motor retuning (SMR), also called constraint

induced movement therapy (CI), has shown promise as an

effective intervention for rehabilitation following stroke

(Taub et al., 2003) and is considered a potential therapy for

other motor disorders, including hand dystonia (Taub

et al., 2006). In stroke, the technique of SMR involves

constraining movements of the unaffected limb while

intensively training use of the affected limb for prolonged

periods of weeks to months (Taub et al., 1999). In hand

dystonia, the non-dystonic finger(s) are immobilized by

splinting, forcing the dystonic finger to work in concert

with the other fingers in carrying out the desired activity. In

one study, musicians were splinted to immobilize the non-

dystonic fingers and instructed to play their instruments for

11/2 to 2
1/2 hours per day for eight consecutive days and then

to use the splint for one hour per day for up to one year. In

this study, SMR improved dystonia in six pianists and two

guitarists, and showed modest benefit in wind instrument

players other than flutists (Candia et al., 2002). Associated

with improvement in skills was a modification of the

abnormal representation of the dystonic fingers in the

somatosensory cortex (Candia et al., 2005). However,

application of this technique to writer’s cramp in which

there is involvement of more than one finger, showed only

modest effects in 50% of subjects, and no changes in

cortical excitability (Zeuner et al., 2005). Amore complex,

intensive program of sensorimotor retuning with and with-

out biofeedback demonstrated improvement in occupatio-

nal hand dystonia in an open-label, prospective study (Byl

and McKenzie, 2000; Byl et al., 2003), but controlled

studies of this technique have not yet been completed.

Conversely, other investigators have applied the oppo-

site technique, in which the dystonic arm is immobilized by

splinting for periods of 4--5 weeks, followed by a period of
retraining of the dystonic arm. This technique was used in

an open-label study of eight patients with occupational

hand dystonia. Following the splinting period, all patients

had initial clumsiness and weakness that recovered in

approximately four weeks with improvement in dystonia

that was sustained for up to 24 weeks in seven patients

(Priori et al., 2001). Thiswas followed by a larger study that

included 19 patients with either writer’s cramp or

musician’s dystonia. This study found variable outcome,

with 20% reporting no benefit and approximately 45%

reporting moderate to marked benefit. The factors associ-

ated with a good outcome included more severe dystonia at

the beginning of the trial, a transient improvement after

fatiguing contraction, a younger age, an onset related to

overuse and no prior treatment with botulinum toxin (Pe-

senti et al., 2004). A controlled study has not yet confirmed

these findings. As a cautionary note, dystonia has also been

elicited by prolonged immobilization with casting (Okun

et al., 2002).

Some patients with dystonia have sensory abnormalities

with deficits in spatial discrimination (Bara-Jimenez

et al., 2000a, 2000b). Based on this observation and others,

sensory training (e.g., reading braille) has been proposed as

a treatment for hand dystonia. In one study, 10 patients with

hand dystoniawere trained to read braille and demonstrated

improvements in both sensory perception and hand postur-

ing (Zeuner et al., 2002). With ongoing training, improve-

ments were sustained over one year. However, benefit was

reduced or lost if practice was discontinued (Zeuner and

Hallett, 2003). Controlled trials have not been done.
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PHARMACOLOGIC TREATMENTS: ORAL
MEDICATIONS (TABLE 13.1)

Anti-cholinergic Drugs

Anti-cholinergic drugs, in particular trihexyphenidyl, may

be useful for treatment of dystonia, particularly in younger

patients with generalized dystonia (Level B). The anti-

cholinergic agents that have been used include trihexyphe-

nidyl, benztropine, biperiden, atropine, procyclidine,

orphenadrine, scopolamine and ethopropazine. Most

studies were not placebo controlled and many were retro-

spectivewithout validated outcomemeasures (Class III and

IV). One placebo-controlled double blind, crossover study

in 31 patients with predominantly generalized dystonia

showed that 71% of patients improved after the 18-week

treatment period (Class II). In the 68% of patients who

continued trihexyphenidyl over 2.4 years of follow-up, 42%

reported sustained substantial improvement using trihexy-

phenidyl doses from 5 to 120mg per day. Trihexyphenidyl

was well tolerated in the young patients (age range 9--32
years) included in the study, with the twomost frequent side

effects being blurred vision and dry mouth (Burke, 1986).

A second placebo-controlled trial assessed outcome

following intravenous injections of atropine, benztropine,

chlorpheniramine and normal saline in randomorder. This

study did not show significant improvement with any

active drug in focal dystonia, although individual patients

may have shown improvement (Class II) (Lang et al.,

1982). In a trial comparing botulinum toxin to trihexy-

phenidyl using a randomized, double-blinded, parallel-

armdesign in 66CDpatients, therewas no improvement in

the trihexyphenidyl group at a mean dose of 16.25mg

(range 4--24mg), with 13 of the 32 patients having

worsened symptoms, and frequent adverse effects (Brans

et al., 1996) (Class II).

In one prospective, open-label study, patients were

treated with trihexyphenidyl or ethopropazine. This study

reported benefit in 61%of 23 children and 38%of 52 adults

with dystonia. Over half of the adults discontinued the anti-

cholinergic drugs as a result of adverse effects. The children

tolerated the drugswithout significant side effects andwere

able to be treated at higher doses than the adults

(Fahn, 1983) (Class III). Similar open-label and retrospec-

tive reports using a variety of anti-cholinergic agents have

confirmed these results (Marsden, 1984; Greene, 1988)

(Class IV).

The lack of a consistent response to anti-cholinergic

agents suggests that cholinergic mechanisms are not pri-

mary in dystonia (Lang et al., 1982; Lang et al., 1983; Lang,

1982). However, in some patients there may be clear

improvement of dystonic symptoms with anti-cholinergic

therapy (Greene et al., 1988). High doses of anti-cholinergic

agents are usually necessary for benefit. It is important,

however, to initiate treatment at the lowest possible dose of

a given agent and to escalate the dose slowly over a period of

weeks tomonths. Anti-cholinergic dosing should be divided

into three or four daily doses. Improvement is often delayed,

thus dose adjustments should be made slowly, allowing a

week or two at a dose level. Adults are usually unable to

tolerate high doses because of side effects. Children,

although tolerant of high doses, should be monitored for

side effects as they mature.

One of the greatest limitations to the use of this class

of agents is the frequent occurrence of adverse effects.

Adverse effects from anti-cholinergic agents are not corre-

lated with serum levels, but rather increase with increasing

age (Fahn, 1983; Burke and Fahn, 1985). Peripheral side

effects, such as dry mouth, blurred vision and urinary

retention may be reversed using a peripheral cholinesterase

inhibitor (glycopyrrolate). The central side effects are dose

limiting, and include memory loss, confusion and sedation,

psychiatric disorders, chorea and insomnia. If side effects

occur with one anti-cholinergic agent, it may be possible to

change to another agent. Ethopropazine has fewer periph-

eral side effects thanmost other anti-cholinergic agents, but

it is not available in theUnited States. If side effects occur in

the absence of benefit, anti-cholinergic treatment should be

discontinued. Discontinuation of anti-cholinergic agents

should be done gradually, as withdrawal effects may occur

(Fahn, 1983).

Dopaminergic Drugs

The use of levodopa in dopa-responsive dystonia is essen-

tially an etiologic treatment and, in low dose, rapidly leads

to a complete normalization of symptoms. In other forms of

primary dystonia, carbidopa/levodopa and other dopamine

agonist drugs can be useful, but have not been sufficiently

evaluated. Most evidence is Class III--IV. Early observa-

tions were inconsistent, with some open-label studies

suggesting benefit (Coleman, 1970; Fletcher et al., 1993)

and others reporting no improvement or worsening (Barrett

et al., 1970; Mandell, 1970). In a retrospective study,

approximately 12% of 41 dystonic patients treated with

dopamine agonists were found to have a good response

(Greene et al., 1988). Direct dopamine agonists, including

bromocriptine, lisuride and apomorphine have not been

promising (Lang, 1988). Although there is insufficient

evidence to support the use of levodopa for primary dysto-

nia, the tolerability of the drug, the rapidity of a test trial and

the expanding phenotype of dopa-responsive dystonia

(Nygaard et al., 1990; Bandmann et al., 1998b; Schneider

et al., 2006), support an empiric trial in patients with

primary generalized and focal dystonia (Albanese et al.,

2006). Levodopa in combination with carbidopa is started

at low doses (50--100mg per day) and increased gradually

to a maximum dose of 600--1000mg. The most frequent

adverse effect of levodopa is nausea, particularly at initia-

tion of therapy, that can be treated with supplemental

carbidopa. If there is no improvement with levodopa
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Table 13.1 Oral medications useful for the treatment of dystonia.

Pharmacological agent Efficacy and comment (level of evidence) Side effects

Anti-cholinergic/

Anti-histaminic

Effective in approximately 40% of young

onset, generalized dystonia (Class I)

Dry mouth

Trihexyphenidyl (Artane) May be effective in focal and segmental

dystonia (Class II, III, IV)

May lead to dental caries

Benztropine (Cogentin) Benefit limited by side effects Blurred vision

Procyclidine (Kemadrin) Requires slow upward titration Exacerbation of acute angle glaucoma

Diphenhydramine (Benedryl) Urinary retention

Ethopropazine (Parsidol) Memory problems

Sedation

Confusion

Hallucinations

Heat intolerance

Baclofen (Lioresal) Effective in approximately 20%

(Class III and IV)

Nausea

High doses tolerated in children (Class III) Sedation

Benefits limited by side effects; intrathecal

baclofen minimally successful

Dysphoria

Muscle weakness (in those with

spasticity associated)

Withdrawal effects on sudden

discontinuation

Clonazepam (Klonipin) Effective in approximately 15%

(Class IV)

Sedation

Possibility for addiction Depression

Withdrawal effects on sudden

discontinuation

Confusion

Dependence

Dopamine agonists Dramatic response in the dopa-responsive

form of dystonia

Nausea (especially at initiation of

therapy)

Carbidopa/Levodopa

(Sinemet)

Effective in 12% of primary dystonia

(Class IV)

May worsen dystonia

Test for levodopa response in young-onset

generalized and focal dystonia to

rule out DRD

Rapid discontinuation possible

Muscle relaxants Limited benefit in some patients Sedation

Tizanidine (Zanaflex) Side effects frequent (Class IV) Dysphoria

Cyclobenzaprine (Flexoril)

Anti-epileptic medications Benefit in <10% (Class IV) Ataxia

Carbamazepine (Tegretol) Sedation

Gabapentin (Neurontin)

Dopamine Depleting agents Benefit for dystonia (Class IV) Depression

Tetrabenazine Dysphoria

Requires a very slow upward titration Parkinsonism
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Dopamine antagonists

(anti-psychotics)

Effective in up to 25% (Class IV) Atypical anti-psychotics:

Atypical Clozapine requires weekly blood counts

and may cause life threatening

agranulocytosis

Sedation, orthostatic hypotension,

metabolic syndrome, sudden death,

seizures

Clozapine (Clozaril) Clozapine: agranulocytosis (requires

monitoring).

Typical anti-psychotics possibility of

tardive dyskinesia and the other

adverse effects from this class of

medications severely limits usefulness.

Not recommended for dystonia

Quetiapine (Seroquel)

Typical

Pimozide

Haloperidol

Table 13.1 ðContinuedÞ

Pharmacological agent Efficacy and comment (level of evidence) Side effects

dose at 600mg for four weeks, the drug can be stopped

(Bandmann et al., 1998a).

Dopamine Receptor Antagonists
and Dopamine Depletion

Dopamine receptor antagonists (anti-psychotic agents),

havenot beenadequately studied as a treatment fordystonia.

Open-label studies have shown good response in 35% of 26

patients treated chronically (Greene et al., 1988). Combi-

nation therapy with pimozide, an anti-cholinergic agent and

tetrabenazine was suggested to be useful in severe disabling

axial or generalized dystonia in open-label observational

studies (Marsden et al., 1984). Other typical DA antago-

nists, including haloperidol and phenothiazines, have anec-

dotallybeenobserved to improve dystonia (Lang, 1988), but

controlled trials are lacking. Side effects of the typical anti-

psychotics include reversible drug-induced parkinsonism

and potentially permanent tardive dyskinesia. Atypical anti-

psychotics, including clozapine and quetiapine may be

useful in generalized dystonia, craniofacial dystonias and

oromandibular dystonia, although results have not been

consistent in the small number of open-label studies con-

ducted. (Thiel et al., 1994; Trugman et al., 1994; Burbaud

et al., 1998; Karp et al., 1999; Hanagasi et al., 2004). The

side effects of clozapine include sedation and agranulocy-

tosis requiring frequent blood monitoring. Quetiapine is

another atypical anti-psychotic that does not require hema-

tologicalmonitoring.There are only case reports of its effect

in primary dystonia (Reeves andLiberto, 2003). Side effects

of the atypical anti-psychotics include sedation, orthostatic

hypotension, lowered seizure threshold and metabolic

syndrome (diabetes, dyslipidemia and hypertension, with

associated obesity) (Shirzadi and Ghaemi, 2006).

Tetrabenazine depletes monoamines, including dopa-

mine, through its action as an inhibitor of vesicular mono-

amine transporter 2 (VMAT2) and has additional dopamine

receptor antagonist properties (Kenney et al., 2006). Tetra-

benazine is reported to be beneficial in a variety of hyper-

kinetic movement disorders, including tardive dyskinesia,

Tourette’s syndrome and Huntington’s disease (HSG,

2006). Early case series and retrospective chart reviews

found benefit with tetrabenazine, alone or in combination

with other agents, in 25% of dystonia patients (Marsden

et al., 1984; Greene et al., 1988; Jankovic and Beach, 1997;

Paleacu et al., 2004). One randomized, placebo-controlled

study showed improvement in dystonia in four out of six

with cranial dystonia (Meige syndrome), and five out of six

patients with other forms of dystonia (Jankovic, 1982). A

retrospective chart study showed improvement in 64%

of 108 idiopathic dystonia patients (Jankovic and Orman,

1988; Jankovic and Beach, 1997). A more recent retro-

spective chart review in 132 dystonia patients reported that

67% had a marked or moderate reduction in movements

with 50--75mg of tetrabenazine. The improvement was

sustained over approximately three years of follow-up in

the 44% of patients who continued the drug (Kenney and

Jankovic, 2006). Side effects are common and include

sedation, depression, parkinsonism, akathisia, nervousness

and insomnia (Kenney et al., 2006; Kenney and Jankovic,

2006). Tetrabenazine is now approved in the United States

(for Huntington’s disease), and has been available in other

countries. A trial of tetrabenazine is time consuming.

Typically, thedrugisinitiatedatverylowdosesandincreased
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quite slowly. Tetrabenazine can cause a drug-induced de-

pression at any dose, but particularly at doses of 75mg or

greater.

Benzodiazepine Drugs: Clonazepam

Clonazepam is a benzodiazepine that is used frequently for

dystonia but has not been evaluated in controlled studies.

Clonazepam was observed to be beneficial in retrospective

studies for 21% of CD patients at doses ranging from 1.5 to

12mg per day (Greene et al., 1988). This drug may be

particularly useful to treat CD with predominant dystonic

head tremor (Hughes et al., 1991; Davis et al., 1995). Small

case series have observed benefit for blepharospasm

(Jankovic and Ford, 1983). Modest benefit for dystonia

has been reported with intravenous clonazepam (Povlsen

and Pakkenberg, 1990). Benzodiazepines may be particu-

larly useful in patients with myoclonic dystonia (Asmus

and Gasser, 2004). The usual starting dose is 0.5mg in the

evening. Clonazepam is gradually escalated to benefit or

side effects. Doses up to 8mg can be used. The adverse

effects include sedation, depression, confusion and

dependence.

Baclofen

Baclofen, a pre-synaptic GABA-B receptor agonist, has

been administered by both oral and intrathecal routes for the

treatment of dystonia and spasticity. For dystonia, there are

no controlled studies, and most reports are from retrospec-

tive chart studies or case series. In retrospective studies,

approximately 20% of dystonia patients reported a good

response (Greene et al., 1988). In a case series of children

with primary generalized dystonia, 7 out of 16 patients had

substantial or moderate improvement with baclofen, when

added to other agents at doses up to 120mg, (Greene and

Fahn, 1992). A subsequent review showed that 14 out of 31

childrenwith dystonia improved using a dose range from40

to 180mg per day (Greene, 1992). Adults did not fare as

well. For cranial dystonia and blepharospasm, initial bene-

fit was seen in 28 of 60 patients, however only 11 continued

on baclofen with the primary reason for discontinuation

being side effects (Greene, 1992). Patients with cervical

dystonia were the least likely to benefit, with only 11%

obtaining a good response at a dose range of 25--200mg per

day (Greene, 1992). Baclofen is initiated with small doses

of 5mg three times a day. Dose escalation is done slowly,

allowing a week between dose increases. The most com-

mon side effects from baclofen are dizziness, sedation,

nausea and urinary symptoms. Confusion, hallucinations

and paranoia have been reported, but are rare. Sudden

withdrawal of baclofen may precipitate psychosis or sei-

zures or dramatic increase in dystonia.

In contrast to oral administration, intrathecal adminis-

tration of baclofen (ITB), using an infusion pump, allows

high spinal fluid levels with the highest concentration of

baclofen in the lower thecal sac (Kroin, 1993). Theoreti-

cally, this method of treatment could reduce the occurrence

of central side effects of baclofen. ITBhas been shown to be

effective for the treatment of spasticity and spasticity

associated with dystonia (Meythaler et al., 1999). Its use-

fulness as a treatment for primary generalized or focal

dystonia has yet to be established, and there are conflicting

results from case reports (Narayan et al., 1991; Ford

et al., 1996; Diederich et al., 1997; Walker et al., 2000;

Jaffe and Nienstedt, 2001). When administered in the high

cervical spine or into the cerebral ventricles, there may be

benefit (Dykstra et al., 2005). Intrathecal baclofen has

numerous potentially serious complications, including sur-

gical complications and malfunction of the pump causing

sudden withdrawal (Santiago-Palma et al., 2004; Vender

et al., 2006). ITB is not currently viewed as a treatment

option for primary dystonia.

Other Treatments

Local injections of lidocaine, an anesthetic drug, improves

symptoms of focal dystonia transiently (Jacome, 1988;

Mubaidin, 2000; Yoshida et al., 2002). Mexiletine is a

lidocaine derivative that is used to treat cardiac ventricular

arrhythmias. Mexiletine has been assessed in open-label

trials for the treatment of cervical and generalized dystonia

using oral doses of 450--1200mg per day (Ohara et al.,

1997; Ohara et al., 1998; Lucetti et al., 2000). Although the

results have been promising, with sustained improvement

in dystonic symptoms, controlled trials have not yet been

published. Mexiletine is well tolerated, with the most

frequent side effects being upper gastrointestinal symp-

toms, dizziness, ataxia and dysarthria.

Other treatments have been reported anecdotally.Muscle

relaxants such as tizanidine, cyclobenzaprine, orphena-

drine and methocarbamol have been used for dystonia, but

evidence for improvement is lacking (Lang and Riley,

1992). Anti-convulsants, although beneficial for paroxys-

mal dyskinesia, have not been adequately studied in prima-

ry dystonia. These agents include carbamazepine (Geller

et al., 1976; Garg, 1982), topiramate (Papapetropoulos and

Singer, 2006) and gabapentin. A small open trial of riluzole

demonstrated benefit in cervical dystonia. (Muller et al.,

2002).

TREATMENT GUIDELINES FOR DYSTONIA

With the paucity of controlled trials for treatments of

dystonia, the initial choice of therapy is largely dependent

on the body regions involved, the age of the patient, the
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tolerability of the medications, the availability of medica-

tions and the experience of the physician.

Generalized Dystonia (Figure 13.1)

In children with generalized dystonia, oral medications

are the first line of treatment. Levodopa in combination

with carbidopa administered in doses up to 1000mg is

recommended as the first drug. Marked response to

levodopa suggests a diagnosis of dopa-responsive dysto-

nia, and other treatments will not be necessary. Failing

levodopa, anti-cholinergic agents are often used as the

oral agent. Anti-cholinergic agents can be very effective

at high doses and are well tolerated in children. If there is

inadequate benefit from anti-cholinergic agents alone,

then combination therapy with the addition of tetrabe-

nazine (if available), baclofen or clonazepam may be

useful.

The role of rehabilitation therapy, although not estab-

lished in studies, is a valuable adjunct to pharmacologic

treatments. By preventing and treatingmuscle contractures,

optimizing function and testing the effectiveness of pros-

thetic devices, such as shoe inserts, and specialized key-

boards, the physical and occupational therapists can play an

important role in management.

Botulinum toxins and deep brain stimulation surgery will

be discussed in the following chapters. These treatment

modalities are considered second line, but may provide

benefit if oral medications fail.

Focal Dystonia (Figure 13.2)

Focal and segmental dystonia typically affects adults. The

treatment of choice for most focal dystonia is botulinum

toxin. However, oral medications are useful in those pa-

tients who are not candidates for botulinum toxin, those

who fail to benefit from botulinum toxin or in combination

with botulinum toxin to enhance outcomes and perhaps

prolong the interval between injections. The limitation of

most oral medications is the lack of tolerability to these

agents in adults.

Physical rehabilitation may be useful in maintaining

range of motion and flexibility and in providing useful

adjunctive treatments. In patients with foot dystonia, spe-

cially designed shoes or an ankle-foot orthotic may take

advantage of the sensory “trick.” In writer’s cramp, a thick

pen or one with a special grip may improve function. Other

techniques described previously, including constraint ther-

apy, sensorimotor retraining and sensory training, may be

considered if carefully administered by a trained therapist

and monitored by the physician.

Generalized Dystonia 

Non-pharmacologic

Occupational therapy
    Activites of daily living   
Physical therapy
   Range of motion  

Orthotics for local
    areas    

Chemodenervation
(focal areas only)  

Botulinum toxins 

Oral medications  

Surgical interventions 
Deep brain stimulation 

globus pallidus internus 

Levodopa
Anticholinergic
Clonazepam
Baclofen
Other:
Tetrabenazine
Anti-convulsant
Muscle relaxants  

Figure 13.1 Guidelines for treatment of generalized dystonia. The thick arrow indicates the primary treatment option. The

therapies indicated should be modified to the specific patient.
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HISTORY

Botulinum toxin (BT) is infamous for being the compound

with the highest toxic potential of any natural or man-made

substance, causing the clinical picture of botulism in man

andanimals.More than20yearsago thisperceptionchanged

completely, when BTwas first used byAlan B Scott to treat

strabismusinchildren(Scott,RosenbaumandCollins,1973;

Scott, 1980). After these first courageous trials it became

clear that this had established a novel therapeutic principle

that could be used in various other pathological conditions

caused bymuscle hyperactivity. Subsequently BTwas used

in blepharospasm, hemifacial spasm and cervical dystonia,

thus reaching neurology (Frueh et al., 1984; Tsui et al.,

1985). Here its use exploded and reached numerous other

medical specialties. With its use in crocodile tears, pio-

neered by M. Mayer in Zurich, exocrine glands became a

secondprincipal target tissue.BT’s use for treatment of pain

syndromesiscurrentlybeingexplored,withsomepromising

perspectives. For most of its indications, BT therapy is the

therapy of choice (Dressler, 2000c; Moore and Naumann,

2003). For some it has revolutionized therapy altogether.

This, together with its exploding use in cosmetics, has

generated an industrywith annual sales in excess of 1 billion

US dollars. BT’s use in dystonia, however, is still one of the

most important indications for BT, both with respect to the

amount ofBTused, aswell aswith respect to the therapeutic

impact generated.

PHARMACOLOGY OF BOTULINUM
TOXIN DRUGS

Structure

As shown in Figure 14.1, BT drugs consist of the BT

component and of excipients. The BT component, with a

molecular weight of 450 kD is formed by botulinum neu-

rotoxin (BNT) and by non-toxic proteins, also known as

complexing proteins or complex proteins. BNT consists of

a heavy amino acid chain with a molecular weight of

100 kD and a light amino acid chain with a molecular

weight of 50 kD interconnected by a single disulfide bridge.

Two BT molecules associate to a dimer with a mole-

cular weight of 900 kD (Dressler and Benecke, 2007). In

Xeomin�, a BT type A drug, the complexing proteins are

removed during the manufacturing process so that Xeomin

contains isolated monomenric BNT only. Drugs based on

other BT types, including B, contain different complexing

protein aggregates, resulting in different molecular

weights.

Mode of Action

When a BT drug is injected into a target tissue, it is bound

with astounding selectivity to glycoprotein structures

located on the cholinergic nerve terminal. Subsequently

BNT’s light chain is internalized by using synaptic vesicle

proteins and syntagmins of the neuron’s acetylcholine

vesicle recycling mechanism (Dong et al., 2003; Rummel

et al., 2004; Mahrhold et al., 2006; Dong et al., 2006).

Intracellularly, BT cleaves different proteins of the acetyl-

choline transport protein cascade (soluble N-ethylmalei-

mide-sensitive fusion attachment protein receptor, SNARE

proteins) which transports the acetylcholine vesicle from

the intracellular space into the synaptic cleft (Pellizzari

et al., 1999). Different BT types target different SNARE

proteins. BT interrupts synaptic transmission only tem-

porarily. Structural neuronal changes or functional neuro-

nal impairment other than the synaptic blockade itself

cannot be detected. Recently, we therefore suggested

classifying BT not as a neurotoxin, but as a temporary
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neuromodulator (Brin, Dressler and Aoki, 2004). BT can

block cholinergic neuromuscular transmission, but also the

cholinergic autonomic innervation of the sweat glands, the

tear glands, the salivary glands and the smooth muscles,

depending on the target tissue selected.

Apart from a direct action upon striated muscles, BT can

act upon the muscle spindle organ reducing its centripetal

information traffic (Filippi et al., 1993; Dressler et al.,

1993; Rosales et al., 1996).Whether this is relevant to BT’s

therapeutic action remains unclear (Kaji et al., 1995a,

1995b). Although BT can produce numerous indirect cen-

tral nervous system effects, direct central nervous system

effects beyond the a motoneuron have not been described

after intramuscular injection (Wiegand, Erdmann and

Wellhoner, 1976). AlthoughBT is transported centripetally

by mechanisms of retrograde axonal transport, BT is in-

activated by the time it reaches the central nervous system.

Affection of the central nervous system via transport

through the blood--brain barrier is excluded due to BTs

molecular size.

Time Course of Action

After intramuscular injection, initial BT effects can be

detected within two to three days, depending on the detec-

tionmethod used. BT reaches its maximal effect after about

twoweeks, maintains this effect and then gradually starts to

decline after two to two and a half months. BT injections

into glandular tissue can exert prolonged effects of up to

six or nine months. BTs action follows a dose--effect
correlation (Dressler and Rothwell, 2000). An additional

dose--duration correlation can also be assumed. Both

correlations are valid only within certain limits. Although

there may be considerable interindividual variability of the

duration of action there is remarkable intraindividual repro-

ducibility of the duration of action throughout years of

continued treatment.

In addition to the blockade of the acetylcholine secretion,

animal experiments indicate BT-induced blockades of

transmitters involved in pain perception, pain transmission

and pain processing (Shone and Melling, 1992; McMahon,

Foran and Dolly, 1992; Ishikawa et al., 2000; Purkiss et al.,

2000;Welch, Purkiss and Foster, 2000;Morris, Jobling and

Gibbins, 2001; Cui et al., 2002). Whether these data can be

translated into genuine clinical nociceptive effects in

humans remains open at this point in time.

Botulinum Toxin Drugs

BT drugs are either based upon BT-A, such as Botox�

(Allergan Inc., Irvine, CA, USA), Dysport� (Ipsen Ltd,

Slough, Berks, UK) and Xeomin (Merz Pharmaceuticals,

Frankfurt/M, Germany), or upon BT-B, such as Neuro-

bloc/MyoBloc� (Solstice Neurosciences Inc., Malvern,

PA, USA). Additional BT drugs are being distributed in

fringe markets. As shown in Table 14.1 the properties of

the different BT drugs are similar. Differences include

antigenicity, adverse effect profiles, adverse effect fre-

quency, injection site pain, storage conditions, mode of

preparation, pharmacological stability and potency label-

ling. Although all these drugs are based upon BT they are

not generics. They can be compared in principle and they

can be interchanged in an ongoing therapy, but certain

differences have to be taken into account. By no means

can this comparison be unimodal. Current understanding

suggests that Botox and Xeomin have similar therapeutic

effects and adverse effect profiles (Benecke et al., 2005;

Dressler and Adib Saberi, 2006). Their potency labelling

is identical, making exchanges between the two products

particularly easy. Based upon previous observations

(Jankovic etc) Xeomin should have a reduced antigenicity

as compared to conventional BT drugs. Dysport also has

a similar therapeutic profile to Botox. Its potency label-

ling is still a matter of debate. Compared conversion ratio

HP:     hemagglutinating protein
NHP:  non-hemagglutinating protein    

drug

Figure 14.1 Contents of botulinum toxin drugs.
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between the mouse units measured by Allergan for Botox

and the mouse units measured by Ipsen for Dysport of 1:3

is currently assumed. Adverse effect differences between

Botox and Dysport will be discussed below. Neurobloc/

MyoBloc’s potency labelling can be compared to that of

Botox by using an approximate conversion ratio of 1:40.

It has a high antigenicity (Dressler, Benecke and Bigalke,

2003; Dressler and Bigalke, 2004). Its disadvantageous

adverse effect profile will also be discussed below.

Therefore, Neurobloc/MyoBloc can only be recom-

mended for those dystonia patients with complete sec-

ondary therapy failure due to formation of antibodies

against BT-A.

Antigenicity

Since BT consists of foreign proteins, antibodies can be

formed against both BNT and the non-toxic proteins.

Antibodies formed against BNT (BNT-AB) block the

biological activity and, thus, produce antibody-induced

therapy failure (ABTF). BNT-AB are therefore called

blocking or neutralizing antibodies. BNT-AB and BT are

in a functional balance (Dressler et al., 2002). The thera-

peutic relevance of BNT-AB titres therefore depend on

their titres. Antibodies formed against the non-toxic pro-

teins do not interfere with BTs biological activity and are

called non-neutralizing antibodies.

Risk factors for ABTF include the amount of BT applied

at each injection series (single dose), the interinjection

interval (Dressler and Dirnberger, 2000) and the immuno-

logical qualityof theBTdrug, asdescribedby their specific

biological activity. The specific biological activity varies

substantially between different therapeutic preparations,

as shown inTable 14.1 (Jankovic,VuongandAhsan, 2003;

Pickett, Panjwani and O’Keeffe, Nov. 2003; Setler, 2000;

Dressler and Benecke, 2006). A probable risk factor for

ABTF is the reaginability of the immune system of the

individual patient (Dressler, 2000; Dressler, 2004). Po-

tential risk factors include the target tissue, that is, intra-

dermal, intramuscular or intraglandular injections, and

Table 14.1 Properties of different botulinum toxin drugs.

Botox Dysport Xeomin NeuroBloc Myobloc

Manufacturer Allergan Inc. Ipsen Ltd Merz Pharmaceuticals SolsticeNeurosciences Inc.

Pharmaceutical

preparation

Powder Powder Powder Ready-to-use solution

5000MU-E/ml

Storage conditions Below 8 �C Below 8 �C Below 25 �C Below 8 �C
Shelf life 36 months 24 months 36 months 24 months

Botulinum toxin type A A A B

SNARE target SNAP25 SNAP25 SNAP25 VAMP

pH-value of the

reconstituted

preparation

7.4 7.4 7.4 5.6

Stabilization Vacuum drying Freeze-drying

(lyophilisate)

Vacuum drying pH-reduction

Excipients Human serum

albumin 500 ug/vial

Human serum albumin

125 ug/vial

Human serum albumin

1000mg/vial
Human serum albumin

500mg/ml

NaCl 900 ug/vial Lactose 2500 ug/vial Sucrose 4.7mg/vial Disodiumsuccinate0.01M

Buffer system Buffer system Buffer system Sodium chloride 0.1M

H2O

Hydrochloric acid

Biological activity 100MU-A/vial 500MU-I/vial 100MU-M/vial 1.0/2.5/10.0 kMU-E/vial

Biological activity in

relation to Botox

1 1/3 1 1/40

Specific biological

activity

60MU-EV/ngBNT 100MU-EV/ngBNT 167MU-EV/ngBNT 5MU-EV/ngBNT

BNT: botulinumneurotoxin;MU-A:mouse unit in theAllerganmouse lethality assay;MU-E:mouse unit in the Solsticemouse lethality assay;
MU-I:mouse unit in the Ipsenmouse lethality assay;MU-M:mouse unit in theMerzmouse lethality assay;MU-EV: approximate equivalence
mouse unit, 1MU-EV¼ 1MU-A¼ 1MU-M¼ 3MU-I¼ 40MU-E.
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female sex. Cumulative dose, treatment time and patient

age have been explicitely excluded as risk factors. Recent

analysis revealed that ABTF usually develops within the

first two to three years of BT therapy (Dressler, 2002a).

After a treatment time of more than five years ABTF

becomes extremely rare.

Safety Aspects and Adverse Effects

Based upon a broad therapeutic window and strictly local

effects, avoiding contact with excretion organs, BT excels

with a remarkably advantageous adverse effects profile.

Adverse effects can be classified as obligate, local or

systemic. Obligate adverse effects are inborn effects caused

by the therapeutic principle itself. Local adverse effects are

caused by diffusion of BT from the target tissue into

adjacent tissues. Systemic adverse effects are adverse

effects in tissues distant from the injection site requiring

a BT transport within the blood circulation. BT adverse

effects occur in a typical time window, starting one week

after BT application and usually lasting for one to two

weeks. Severity and duration of adverse effects depend on

the BT dose applied, the target tissue and the adjacent

tissues. Central nervous system adverse effects have not

been reported so far.

After intramuscular application BT is transported cen-

tripetally (Wiegand, Erdmann and Wellhoner, 1976).

However, this transport is so slow that BT is inactivated

by the time it reaches the spinal cord. A transsynaptic

transport beyond the a motoneuron has not been demon-

strated. Systemic spread of BT becomes clinically rele-

vant only when the doses applied are very high. The use of

BT during pregnancy is contraindicated as a precautionary

measure until further experience is gained. A few acci-

dental BT applications during pregnancies, however, did

not induce any developmental abnormalities. Extremely

rarely, BT applications appear to trigger acute autoim-

mune reactions with brachial plexopathies or with derma-

tomyositis (Probst et al., 2002). If plexopathies occur,

continuation of BT therapy seems to be safe, since

re-occurrence is rare.

Caution is required when using BT in patients with pre-

existing pareses, as in amyotrophic lateral sclerosis, myop-

athies and motor polyneuropathies, or in patients with

impaired neuromuscular transmission, such as myasthenia

gravis andLambert--Eaton syndrome (Erbguth et al., 1993).

Warnings not to use BT in patients receiving aminoglyco-

side antibiotics seem theoretical.

With large numbers of patients being treated over pro-

longed periods of time, long-term experience is ample, and

does not indicate additional adverse effects (Naumann

et al., 2006).

All therapeutic BT-A preparations have similar adverse

effect profiles. However, observations suggest an increased

frequency of local adverse effects after Dysport as com-

pared to Botox (Dressler, 2002b). In doses of more than

1500MU, Dysport can produce systemic motor adverse

effects not seen with other BT-A drugs. Reasons for these

observations are unclear, but may include increased diffu-

sion, as demonstrated in animal experiments (Brin,Dressler

and Aoki, 2004), or conversion factors incorrectly under-

estimating Dysport’s biological activity. Based upon a

conversion factor of 1:1, the adverse effect profiles of

Xeomin and of Botox are identical (Benecke et al.,

2005; Dressler and Adib Saberi, 2006). The adverse effect

profiles of therapeutic BT-B drugs are substantially differ-

ent from the adverse effect profiles of therapeutic BT-A

drugs. Whereas even low and intermediate BT-B doses

frequently produce autonomic adverse effects, including

dryness of mouth, corneal irritation, accommodation diffi-

culties and irritation of the nasal or genital mucosa, the

frequencies of motor adverse effects are similar after BT-B

and BT-A (Dressler and Benecke, 2003). Comparison of

injection sites and localization of autonomic adverse effects

suggests a systemic spread of BT-B. Whereas BT-A has a

relatively strong effect on themotor system and a relatively

weak effect on the autonomic nervous system, this correla-

tion is reversed in BT-B (Dressler and Benecke, 2006).

Because of its systemic autonomic adverse effects BT-B

should be used with caution in patients with pre-existing

autonomic dysfunction or in connection with anti-

cholinergics.

Therapeutic Profile

With the features described above the therapeutic profile of

BT can be summarized as shown in Table 14.2. BT can be

used in muscles, exocrine glands and, potentially, struc-

tures associatedwith pain. BT’s therapeutic effect follows a

time course that is remarkably reproducible in the individ-

ual patient, but shows considerable interindividual vari-

ability.WhenBT is injected intomuscle tissue it produces a

peripheral paresis. This paresis manifests clinically after a

few days, reaches its maximum after one to two weeks, is

usually stable for six to twelve weeks and then gradually

resolves over several weeks. The extent of the therapeutic

effect is well controlled by the amount of BT applied and

its duration can be controlled within limits. Adverse effects

are benign and fully reversible. With BT-B, systemic anti-

cholinergic adverse effects and ABTF are frequent.

BASIC PRINCIPLES OF BOTULINUM
TOXIN THERAPY

The Multi-Layer Concept of Dystonia Treatment

BT therapy is an entirely symptomatic treatment. Never-

theless, its use may change the long-term perspective of

230 DYSTONIA, CRAMPS, AND SPASMS



patient affected. In children, symptomatic suppression of

dystonic muscle activity may allow certain motor devel-

opments otherwise prevented. In adults it can avoid devel-

opment of complications that my otherwise dominate the

clinical picture. Use of BT therapy early in the course of the

condition being treated therefore seems advisable.With its

benign adverse effect profile and predominantly peripheral

mode of action, it can easily be combined with other anti-

dystonic treatment modalities, including oral drug therapy,

intrathecal baclofen, and peripheral or central surgical

interventions including deep brain stimulation. Adjuvant

drugs including analgesics and anxiolytics can become

necessary, when the effects of the anti-dystonic drugs are

unsatisfactory. Amongst the adjuvant treatments, physio-

therapy plays amajor role: stretching exercises can increase

and maintain joint mobility and training of antagonistic

muscles can improve functional capabilities. Re-training

the impaired patient’s self-perception in space is often

essential when BT therapy for cervical dystonia is initiated

(Barth and Dressler, 1993). Relaxation exercises can break

the vicious circle of motor induction in dystonia. Adjuvant

measures include adequate information for the patient and

his family about the BT therapy as well as about the treated

condition. Sharing a solid information base is a prerequisite

for a stable patient--physician relationship, which seems

particularly important since dystonia is a chronic condition.

Patient support groups have a role to play here. Social

support gives advice to the patient about available social

benefits. All this together adds up to the multi-layer treat-

ment concept shown in Table 14.3.

Dosing

BT is a local therapy. Dosing, therefore, depends on two

elements, that is, the number of dystonic muscles requiring

treatment (target muscles) and the degree of their dystonic

involvement. Given the enormous variability of dystonia

with respect to localization and intensity, communication

of the total dose per patient is mostly irrelevant. Unfortu-

nately, most regulatory authorities and reimbursement

authorities have not acknowledged this basic principle,

either due to lack of insight or for obvious economic

reasons. Only with respect to systemic adverse effects total

doses may become relevant. Recently, it has been demon-

strated that the use of Xeomin, in total doses of up to 840

MU, is free of any clinically detectable motor or autonomic

systemic adverse effects (Dressler and Adib Saberi, 2006).

Indirect evidence suggests the same safety margins for

Botox (Dressler and Adib Saberi, 2006). With Dysport,

occasionally total doses of 1500MUmay produce systemic

motor adverse effects. Contrary to these extremely wide

safety margins of BT-A drugs, BT-B produces systemic

autonomic adverse effects even when low or intermediate

doses are applied (Dressler and Benecke, 2003). Although

total doses vary substantially between studies treating the

same condition, as well as amongst individual patients

within the same study, a relatively broad consensus has

been reached with respect to the dose range in individual

target muscles.

Within these dose ranges the individual dose has to be

selected according to the degree of dystonic involvement.

Additionally, the individual strength of the patient’s target

Table 14.2 Therapeutic profile of botulinum toxin
drugs.

Target tissues Striate and smooth muscles

(“neuromuscular junction”)

Exocrine glands

Structures involved in generation,

perception or transmission of

pain

Therapeutic effect Localized

Predictable time course

Fully reversible

Extent well controllable

Duration controllable within

limits

Adverse effects Fully reversible

Obligate adverse effects

manageable

Local adverse effects few

Systemic adverse effects:

BT-A: extremely rare

BT-B: frequent anti-cholinergic

adverse effects

Table 14.3 Themulti-layer concept of comprehensive
dystonia therapy.

Layer Description Modalities

1 Anti-dystonic

treatment

Botulinum toxin

therapy

Oral drugs

Intrathecal baclofen

Surgical interventions

2 Adjuvant drugs Analgesics

Anxiolytics

3 Adjuvant treatment Physiotherapy

psychotherapy

4 Adjuvant measures Social support

Providing information

Patient support groups
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muscles has to be taken into account. It can be predicted by

the bodyweight, sex, age and the proportionalmusclemass.

These factors can be used as general dose modifiers, as

shown in Table 14.4. When neuromuscular transmission is

impaired or when underlying paresis is present, dosages

need to be reduced further. The individual sensitivity of the

target muscles has been corrected for in the tables showing

the recommended BT doses.

Planning of Botulinum Toxin Therapy

Planning of BT therapy is based upon identification of

target muscles and upon their degree of dystonic involve-

ment. This information can be obtained clinically by de-

scribing the dystonic movements or postures. Based upon

physiological activation patterns dystonic muscles can be

deduced. However, with unphysiological co-activation of

agonistic and antagonistic muscles as a key feature of

dystonia, this clinical approach obviously has its limita-

tions. An additional problem arises from compensatory

muscle activity, which is difficult to identify if the patient

is unable to suppress it. Occasionally patients maintain

preventive postures to avoid certain postures triggering

dystonic muscle activity. The clinical approach does not

allow determination of the degree of dystonic involvement.

Electromyography may help to plan botulinum toxin ther-

apy (Dressler 2000a). Needle electromyography allows

precise target muscle identification and comparison be-

tween maximal muscle activation and spontaneous, that is,

dystonic,muscle activity, allows calculation of the dystonic

involvement. Still, identification of compensatory muscle

activation can sometimes be a problem. However, record-

ing of prolonged periods of electromyographic activity

often separates between initial dystonic activity and sec-

ondary compensatory muscle activity. Target muscle se-

lection by estimation of muscle hypertrophy using

tomographic imaging techniques seems inadequate, since

muscle hypertrophy is not a necessary feature of dystonic

muscle involvement and precise measurement of hypertro-

phy would require muscle relaxation, which dystonic pa-

tients usually cannot perform. The planning yields the

injection scheme outlining the target muscles with their

respective BT doses. This injection scheme is a prediction

of the patient’s therapeutic response. Based on the individ-

ual experience of the injector it may or may not be optimal.

Subsequent treatment sessions with a careful evaluation of

the previous therapeutic responsemay improve the original

injection scheme. The patient should be aware of this

process in order to avoid frustration. If the injector has

doubts about the injection scheme, often the decision arises

either to use lower doses with reduced efficacy, but reduced

adverse effects, or to use higher doses with improved

efficacy, but increased adverse effects. If patients are

informed about potential adverse effects and their transient

and generally benign character, they usually prefer the

second option, especially when they have experienced

prolonged and frustrating previous treatments. Recommen-

dations occasionally formulated by regulatory authorities

not to exceed certain initial total doses and to very gradually

build them up, are counterproductive and endanger the

patient’s compliance.

Once the injection scheme is optimized it should be

adhered to unless there is evidence of major changes in the

treated symptomatology.

Intramuscular Placement of Botulinum Toxin Drugs

Once the injection scheme has been developed, the BT

drugs have to be placed within the target muscles. This can

be done by palpation, ideally under voluntary activation of

the target muscle, by using surface landmarks or by back-

tracing the muscle tendons. To identify individual finger

muscles repetitive active or passive finger movements may

palpation of the target muscles facilitate. In target muscles,

in which this is difficult, such as the iliopsoas or the

piriformis muscles, or when selective injection of individ-

ual finger muscles is required, electromyography using a

special injection needle may be required. Simultaneous

electric stimulation may be of additional benefit. General

use of electromyography to placeBTdrugs does not seem to

be necessary. Whether electromyography-guided BT

placement allows a dose reduction needs to be demonst-

rated. Tomographic imaging has also been suggested for

target muscles which are difficult to identify otherwise.

Since magnetic resonance imagingmay be disturbed by the

injection needle, X-ray tomography has been applied.

Application of substantial radiation doses, however, limits

the use of X-ray techniques, esp. in chronic therapies.

Ultrasound techniques seem to be more helpful, especially

in children, who may be uncooperative and particularly

pain sensitive (Berweck et al., 2002).

The effects of dilution and number of injection sites

within a given target muscle have not been well studied so

Table 14.4 Dose modyfyers for botulinum toxin
therapy.

Sex Male Dose increase

Female Dose reduction

Age Young age Dose increase

Old age Dose reduction

Body weight High Dose increase

Low Dose reduction

Proportional

muscle mass

High Dose increase

Low Dose reduction

These factors, when present, modify the botulinum toxin dose
within the recommended dose ranges.
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far. It is believed that increased dilution increases diffu-

sion. The injection volumes at each injection site should

be manageable. In our experience, injection volumes of

0.5--1.0ml and 0.1--0.3 ml in facial muscles seem

reasonable.

Monitoring of the Therapeutic Effect

Usually the therapeutic effect of BT therapy is evaluated

two to four weeks after application by a pre-treatment/post-

treatment comparison. Apart from subjective scores re-

flecting overall outcome or dystonic pain, various objective

dystonia rating scales, such as the Tsui Scale (Tsui et al.,

1986), the Toronto Western Spasmodic Torticollis

Rating Scale (TWSTRS) (Consky et al., 1990) or the

Burke--Fahn--Marsden Scale (Burke et al., 1985), have

been introduced. The disadvantage of these measurements,

taken at discrete time points, is that they do not describe the

dynamics of BT therapy, that is, the time it takes for the

therapeutic effect to build up and the timewhen it iswaning.

In order to construct the integral of the therapeutic effect,

we introduced the treatment calendar shown in Figure 14.2.

SPECIFIC INDICATIONSFORBOTULINUM
TOXIN THERAPY IN DYSTONIA

Cranial Dystonias

Cranial dystonias can affect periocular muscles, mandibular

muscles and perioral muscles. Rarely, scalp muscles or

periauricular muscles are affected (Alonso-Navarro et al.,

2007). BT therapy can be used in all of these conditions

successfully, eitherwhen theyoccur in isolationorwhen they

occur in various combinations. Cranial target muscles with

their recommended doses are shown inTables 14.5 and 14.6.

For anatomical information referral to anatomic atlases or

special electromyographer’s handbooks is advisable.

In periocular dystonia, producing the classical clinical

picture of blepharospasm,BT is injected into the orbicularis

oculi muscle responsible for eyelid closure (Frueh et al.,

1984; Costa et al., 2005). Additional target muscles include

the procerus and the corrugator supercilii muscles which

form the horizontal and vertical nasal root folds and narrow

the eyebrows. They may produce tension, but don’t have

much influence on eyelid function. The nasalis muscle

forms the longitudinal nasal dorsum fold and can be

injected when the patient complains of irritation, especially

when wearing glasses. The frontalis muscle is an accessory

eyelid opening muscle and, therefore, should not be in-

jected in blepharospasm against occasional contrary belief.

Doses, dilutions and injection points for the treatment of

blepharopsasm vary considerably, whereas results and

adverse effects are surprisingly similar. Adverse effects

include ptosis, double vision, lagophthalmus and hema-

toma. They are rare and transient. Ptosis can almost cer-

tainly be avoided by sparing the midline part of the upper

eyelid. Some patients with blepharospasm, especially those

with progressive supranuclear palsy, have a varying degree

of additional apraxia of eyelid opening (Aramideh et al.,

1994), that is, a supranuclear impairment of the eyelid

opening mechanism. In those patients, additional BT in-

jections close to the rim of the eyelid are helpful (Jankovic,

1996). If this strategy does not produce satisfactory results,

a bilateral suspension operation connecting the upper eye-

lid to the frontalismuscle by a subcutaneous non-resorbable

thread is helpful (Roggenk€amper and N€ussgens, 1993). In
mild cases, a wire spring attached to a glass’s frame can

have a similar effect.

In perioral dystonia, muscles above the oral orifice

should generally be injected with special care, in order to

avoid drooping of the mouth. BT injections into the upper

lip may produce paresthesias for unknown reasons. The

risorius muscle can be injected safely 2 cm lateral to the

corner of the mouth, whereas injections into the depressor

labii inferioris bear the risk of instability of the lower lip.

In mandibular dystonia, a jaw-opening form can be

distinguished from a jaw-closing form (Marsden, 1976).

Combined activation of opening and closing muscles,

however, are not infrequent. Additional jaw movements

include jaw protrusion and lateral shifts of the jaw. Jaw

closing is caused by activation of the masseter, the tempor-

alis and----to a minor extent----the medial pterygoid muscles.

Jaw opening is the result of activation of the lateral ptery-

goid muscle and the the suprahyoid muscles forming the

muscular floor of the cavity of the mouth. Protrusion and

lateral shifts are caused by the pterygoid muscles, mainly

the lateral ones. Whereas treatment of the jaw-closing type

produces excellent results with only rare adverse effects,

treatment of the jaw-opening type is less rewarding. Our

experience indicates that BT injections into the pterygoid

muscles through the incisura mandibulae together with

injections of the suprahyoid muscles seem to work best in

this situation. Attempts to inject the lateral and the medial

pterygoid muscles separately cause major technical pro-

blems and discomfort for the patient. Local spread and

frequent co-activation of bothmuscles question the logic of

this approach.

Pharyngolaryngeal Dystonia

Tonic or clonic dystonia of the pharynx can produce

dysphagia and dyspnea (Zwirner and Dressler, 1995). They

can occur spontaneously or in an action-induced fashion.

BT injections into the posterior pharynx can easily be

placed transorally and are effective. Doses range between

20--40MU of Botox. Laryngeal dystonia produces the clini-

cal picture of spasmodic dysphonia, either in the adductor

form with a strained-strangled voice or in the much less
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frequent abductor form with hypophonia (Marsden and

Sheehy, 1982). In adductor forms, 2.5--10MU of Botox are

administered into the thyroarytenoid (vocalis) muscle.

Unilateral application appears to produce fewer adverse

effects than when the same amount is distributed over both

sides. In abductor forms, 2.5--10MU of Botox are adminis-

tered into the posterior cricoarytenoidmuscle unilaterally in

order to avoid dyspnea. BT application can be performed

perorally or transcutaneously using electromyographic

guidance. The transoral approach allows detection of

additional dystonic muscle activities in the pharynx or the

larynx and, therefore, seems to be the superior method.

For the patient and for the physician, BT therapy of

spasmodic dysphonia represents a very satisfying indica-

tion (Whurr, Nye and Lorch, 1998). Practically all patients

benefit, and the degree of improvement is astonishing. In

many cases almost normal speech patterns can be re-

gained. In patients with abductor forms, the treatment

results are less favorable. Adverse effects include difficul-

ties with swallowing liquids or solid food and dyspnea.

Injections also can induce weakness of coughing and

some pain at the injection side. In treatment of adductor

forms, hoarseness, breathiness of voice and hypophonia can

occur. For this reason BT therapies for abductor forms

should only be carried out by qualified personnel in selected

institutions.

Spasmodic laryngeal dyspnea describes spontaneously

occurring or respiration-induced muscle hyperactivity of

laryngeal muscles (Zwirner, Dressler and Kruse, 1997).

This condition is very rare and may affect both glottic and

supraglottic muscles, but can also be treated with BT

therapy.

Cervical Dystonia

Cervical dystonia consists of torticollis, that is, rotation of

the head on a transversal plane, antecollis or retrocollis, that

is, flexion or extension of the head in a sagittal plane, and

laterocollis, that is, flexion of the head in a frontal plane.

Protrusion describes an anterior shift of the head on a

DAY DYSTONIA-SYMPTOMS 

(in percent of maximal untreated dystonia symptoms)

REMARKS 

1 05101520253035404550556065707580859095100 
2 05101520253035404550556065707580859095100 
3 05101520253035404550556065707580859095100 
4 05101520253035404550556065707580859095100 
5 05101520253035404550556065707580859095100 
6 05101520253035404550556065707580859095100 
7 05101520253035404550556065707580859095100 
8 05101520253035404550556065707580859095100 
9 05101520253035404550556065707580859095100 

10 05101520253035404550556065707580859095100 
11 05101520253035404550556065707580859095100 
12 05101520253035404550556065707580859095100 
13 05101520253035404550556065707580859095100 
14 05101520253035404550556065707580859095100 
15 05101520253035404550556065707580859095100 
16 05101520253035404550556065707580859095100 
17 05101520253035404550556065707580859095100 
18 05101520253035404550556065707580859095100 
19 05101520253035404550556065707580859095100 
20 05101520253035404550556065707580859095100 
21 05101520253035404550556065707580859095100 
22 05101520253035404550556065707580859095100 
23 05101520253035404550556065707580859095100 
24 05101520253035404550556065707580859095100 
25 05101520253035404550556065707580859095100 
26 05101520253035404550556065707580859095100 
27 05101520253035404550556065707580859095100 
28 05101520253035404550556065707580859095100 
29 05101520253035404550556065707580859095100 
30 05101520253035404550556065707580859095100 
31 05101520253035404550556065707580859095100 

Figure 14.2 Patient diary to monitor the effects of botulinum toxin therapy over time.
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transversal plane. Isolated occurrence of these elements is

rare. Most patients suffer from a combination of two or

more of these elements.

Torticollis is caused by activation of the ipsilateral

splenius capitis and the contralateral sternocleidomastoid

muscles and the ipsilateral trapezius/semispinalis capitis

muscle complex. Deep posterior neck muscles arising

from the atlas and the axis, including the obliquus capitis

inferior, the rectus capitis posterior major and the rectus

capitis posterior minor muscles, are strong ipsilateral

head rotators. The levator scapulae muscle is an addi-

tional, but weaker, ipsilateral head rotator. In torticollis

the role of the sternocleidomastoid is often overestimated,

whereas the role of the splenius capitis muscle and the

deep posterior neck muscles is often underestimated.

Antecollis is caused by activation of the supra- and

infrahyoid muscles, the scalenii and deep anterior neck

muscles, including the longus colli, the longus capitis and

the rectus capitis anterior muscles. Retrocollis originates

from bilateral activation of the trapezius/semispinalis

capitis muscle complex, the splenius capitis muscle and

the deep posterior neck muscles. Laterocollis originates

from ipsilateral activation of the sternocleidomastoid,

scalenii, levator scapulae, splenius capitis muscles and

the trapezius/semispinalis capitis muscle complex. Protru-

sion is the consequence of bilateral sternocleidomastoid

muscle activation.

Planning of BT therapy for cervical dystonia includes

careful examination of the spontaneous head position, the

head position under motor and stress activation, the slow

active head movement and the passive head mobility.

When dystonia occurs in waves, or when it can be

suppressed by gestes antagonistes, the time course of a

dystonic build up helps to identify compensatory muscle

activity. Slow active movements can identify trigger

postures and therefore potential preventive postures.

Testing for pre-existent dysphagia identifies patients in

which BT application into anterior neck muscles should be

performed with caution.

Target muscles and recommended BT doses for cervical

muscles are shown in Table 14.7.

Dystonic pain as the leading complaint in most patients

with cervical dystonia can almost always be reduced

markedly by BT therapy. Residual pain may be caused by

secondary degenerative processes or by radicular irritation.

Head posture can also be improved substantially. Often,

patients report the effects of the first BT applications

enthusiastically, most likely due to the contrast to the

sometimes prolonged period of insufficient treatment.

When they realize that BT therapy is a symptomatic

treatment requiring perpetual re-injections, with all their

logistic and financial burdens, this honeymoon effect

wanes and patients may complain. In those situations

demonstrating the untreated symptomatology on video

Table 14.5 Recommended botulinum toxin doses in
cranial muscles.

Muscle Function Recommended

dose

[MU-A Botox]

Orbicularis

oculi

Eyelid closure 12--64

Procerus Formation of

horizontal nasal

root fold

4--12

Corrugator

supercilii

Eyebrow adduction 8--16

Nasalis

(transversal

part)

Formation of

longitudinal

nasal

dorsum fold

8--12

Risorius Corner of mouth

abduction

4--8

Depressor

anguli oris

Corner of mouth

depression

4--12

Depressor

labii inferioris

Stabilisation of

lower lip

4--8

Mentalis Formation of chin

dimples

8--12

Platysma Formation of

neck skin profile

20--60

MU-A: mouse unit of the mouse bioassay of Allergan Inc.
Dilution: 100MU-A in 2.5ml 0.9% NaCl/H2O.

Table 14.6 Recommended botulinum toxin doses in
mandibular muscles.

Muscle Function Recommended

dose

[MU-A Botox]

Masseter Jaw closing 20--60

Temporalis Jaw closing 40--80
Pterygoidei

(per side)

Jaw protrusion 20--40
Jaw lateralization

Jaw opening

Jaw closing

Supra- and

infrahyoid

muscles

(per side)

Jaw opening 20--60

MU-A: mouse unit of the mouse bioassay of Allergan Inc.
Dilution: 100MU-A in 2.5ml 0.9% NaCl/H2O.
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recordings is helpful. Especially in the treatment of cervical

dystonia, additional physiotherapy following the above

discussed guidelines is necessary (Barth and Dressler,

1993). Certain forms of cervical dystonia respond less

favorably to BT therapy. Antecollis is especially difficult

to treat when deep anterior neck muscles are involved, but

also alternating types of cervical dystonia may present a

therapeutic challenge. In tremor types, sometimes reduced

BT doses can be helpful.

The most common adverse effect of BT therapy of

cervical dystonia is dysphagia. Depending on the definition

of dysphagia and the effort to search for it, its incidence

varies greatly. Applying current treatment standards, cer-

tainly less than 5% of patients experience dysphagia con-

stantly after each injection series. Occasional dysphagia

may be more frequent. Another adverse effect is head

instability, especially due to impaired head extension.

When these adverse effects occur, their duration is usually

limited to one or two weeks. Injection of the scalenii

muscles can produce needle contacts with brachial plexus

nerve fibers eliciting short-lasting electric sensations.

Arm Dystonia

Arm dystonia can be divided into action-induced and non-

action-induced forms.Action-induced forms occur only dur-

ingcertainactivities,whichcansometimesbehighlyspecific.

Non-action-induced forms are not associated with specific

activities, although they may be increased by unspecific

physical activity. Writer’s cramp is the most common

action-induced dystonia (Sheehy, Rothwell and Marsden,

1988).Otherhighlyspecificandsometimespeculiaractivities

canalso triggerdystonia, suchasplayingmusical instruments

or performing sports. Especially when these activities are

performed under professional conditions, dystonia can result

and the term occupational cramp can be applied.

Inwriter’s cramp awrist-flexor and awrist-extensor type

can be distinguished. Additionally, elbow and shoulder

muscles may be involved. However, abnormal elbow and

shoulder postures may be compensatory, in order to change

the writing position and to reduce dystonia. Planning of BT

therapy for writer’s cramp is based on careful examination

of the clinical symptoms. Electromyography can be con-

fusing, since normal writing already generates widespread

muscle activation. In experienced hands, however, it can be

helpful. Sometimes, asking the patient to write with the

contralateral hand produces the dystonic pattern in the

dystonic hand without contamination of normal or com-

pensatory muscle activity.

Target muscles and recommended BT doses for arm

dystonia are shown in Table 14.8.

Results of BT therapy of writer’s cramp are limited,

because of narrow therapeutic windows for the potential

target muscles (Das, Dressler and Hallett, 2006). This is a

problem especially in the finger extensors. Apart from this,

writer’s cramp frequently affects a large number of forearm

muscles. BT therapy targeting all of these muscles would

induce major paretic adverse effects. Additionally, distinc-

Table 14.7 Recommended botulinum toxin doses for cervical muscles.

Muscle Function Recommended dose

[MU-A Botox]

Sternocleidomastoid Contralateral horizontal head rotation 20--80
Sagittal head flexion

Frontal head flexion

Splenius capitis Ipsilateral horizontal 20--100
Head rotation

Scalenii Frontal head flexion 20--60
Sagittal head flexion

Levator scapulae Shoulder elevation 20--80

Ipsilateral head rotation

Frontal head extension

Trapezius/semispinalis capitis

complex

Sagittal head extension 20--80

Ipsilateral head rotation

Trapezius, horizontal part Shoulder elevation 40--100
Frontal head flexion

MU-A: mouse unit of the mouse bioassay of Allergan Inc.
Dilution: 100MU-A in 2.5ml 0.9% NaCl/H2O.
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tion between physiological and dystonic muscle activity

and identification of compensatory muscle activity may be

difficult. Our experience indicates that even after several

modifications of the injection scheme only about one-third

of the patients benefit from BT therapy and continue

treatment. Results are better when the finger muscles are

not involved, that is, when the symptoms are restricted to

the wrist or elbow muscles. When finger muscles are

involved, the outcome is better when individual finger

muscles and when finger flexors rather than finger exten-

sors are dystonic. If the symptoms are restricted to individ-

ual finger muscles, electromyography, possibly with

additional electric stimulation, may facilitate BT place-

ment. If BT therapy is not successful in treatment ofwriter’s

cramp, the patient can shift writing to the contralateral

hand. Many patients can permanently use the contralateral

hand for writing, whereas some develop writer’s cramp in

this hand as well within one or two years. Increased use of

keyboards is also one option to circumvent writer’s cramp.

Re-training exercisesmay also become a therapeutic option

in the future (Zeuner et al., 2002).

Treatment of other action-induced arm dystonias, espe-

cially when they are occupational, is even more problem-

atic, since the motor performance expected by the patient is

usually so high that it cannot be met, either due to dystonic

residues or due to therapy-induced paresis (Jabusch et al.,

2005).

Non-action-induced arm dystonia usually occurs as part

of a spasticity-dystonia syndrome or as idiopathic dystonia.

Typical postures include finger flexion, thumb flexion,

wrist flexion, elbow flexion and shoulder adduction or

abduction. In spasticity-dystonia syndrome, treatment is

focused on pain and prevention of contractures. Functional

improvement may result, but is often restricted by the

underlying paresis.

Leg Dystonia

Leg dystonia can occur in idiopathic, and in symptomatic

dystonia, mostly as part of a spasticity-dystonia syndrome

due to stroke or cerebral palsy. Action-induced forms are

less common. Typical postures include hip adduction, knee

flexion, equinovarus posture, that is, the combination of

ankle plantar flexion, foot supination and toe flexion, ankle

plantar flexion and isolated toe flexion. Hip extension

occurs less frequently. Hip adduction is caused by activa-

tion of the adductor muscle group (adductor magnus,

minimus, longus, brevis and gracilis muscles), knee flexion

by activation of the hamstrings (semimembranosus, semi-

tendinosus, biceps femoris muscles) and the equinovarus

posture by activation of the tibialis posterior, triceps surae,

flexor hallucis and digitorum longus muscles. Ankle plan-

tar flexion is the result of activation of triceps surae,

peroneus longus and brevis and flexor digitorum longus

muscles, toe flexion of the activation of the flexor digi-

torum longus and brevis muscles.

Target muscles and recommended BT doses for leg

dystonia are shown in Table 14.9.

Hip adduction, ankle plantar flexion and equinovarus

postures respond well to BT therapy. Doses, however, may

be high, especially when bilateral injections are necessary.

BT therapy for knee extension bears the risk of knee

weakness, especially in patients with additional paresis as

in spasticity-dystonia syndrome after stroke. Toe and great

Table 14.8 Recommended botulinum toxin doses for
arm muscles.

Muscle Function Recommended

dose

[MU-A Botox]

Deltoideus Shoulder abduction 40--120

Pectoralis major

et minor

Shoulder adduction 40--120

Teres major Shoulder inward

rotation

40--100

Triceps brachii Elbow extension 40--100
Biceps brachii Elbow flexion 40--120
Bachialis Elbow flexion 40--100

Brachioradialis Elbow flexion 40--100
Extensor carpi

radialis

Wrist extension 20--40

Flexor carpi

radialis

Wrist flexion 40--80

Flexor carpi

ulnaris

Wrist flexion 40--100

Extensor

digitorum

profundus et

superficialis

Finger extension 20--60

Flexor digitorum

profundus et

superficialis

Finger flexion 40--200

Interosseus Metacarpophalangeal

adduction

20

Metacarpophalangeal

abduction

Abductor digiti

quinti

Little finger

Metacarpophal-

angeal abduction

20--40

Flexor

pollicis longus

Thumb

flexion

20--60

MU-A: mouse unit of the mouse bioassay of Allergan Inc.
Dilution: 100MU-A in 2.5ml 0.9% NaCl/H2O.

23714: BOTULINUM TOXIN FOR TREATMENT OF DYSTONIA



toe flexion often requires combined treatment of short and

long toe and great toe flexors.

Segmental Dystonia, Generalized Dystonia

BT therapy of extended dystonic symptoms usually re-

quires selection of those target muscles that play a major

role in functional impairment, pain and prevention of

complications. Less relevant target muscles may need to

be left untreated in order not to exceed total BT doses that

are safe with respect to toxicological and immunological

adverse effects. Paravertebral muscles require 40--60MU

Botox per segment per side, the rectus abdominis 40--80
MU Botox per segment per side and the abdominal wall

muscle complex (obliqus internus abdominis, obliqus ex-

ternus abdominis and transversus abdominis muscles)

80--200MU Botox per side.

Toxicological and immunological safety margins have

been discussed above. When safety margins are exploited

to their full extent, BT therapy can improve even extended

symptoms substantially. In patients requiring excess BT

doses, deep brain stimulation may offer a treatment alter-

native. Combinations of BT therapy and deep brain therapy

or intrathecal baclofen are possible.

OUTLOOK

BT therapy presents a novel therapeutic concept. It has

revolutionized many medical fields. In dystonia, for the

first time, it offers help to large numbers of patients with

focal dystonia. In segmental and generalized dystonia, high

BT doses are necessary, but emerging experience suggests

these can be immunologically and toxicologically safe. The

recent introduction of low antigenicity BT drugs may allow

booster injections for rapid dose adaptation, reduced inter-

injection intervals for improved dynamic adjustment and

increased dose for treatment of extended symptoms. High

affinity BT drugs may improve antigenicity even further.

They may reduce the threshold for systemic toxicology so

that higher total BT doses may be applied.
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BACKGROUND AND RATIONALE

Numerous surgical interventions have been attempted to

control the excessive muscle contractions and significant

disability associated with dystonia, especially in medically

refractory cases. The history of surgery for dystonia is

complex and probably dates back to Minnius in 1641, who

sectioned the sternocleidomastoid muscle in an attempt to

treat cervical dystonia (Putnam, Herz and Glaser, 1949;

Lang, 1998). In the 1950s, Cooper first used an anterior

dorsomedial pallidotomy to treat primary generalized dys-

tonia, but eventually determined that lesions involving

the medial ventrolateral thalamus were more effective

(Cooper, 1976). Over the past decade, there has been a

resurgence of interest in surgical options to treat medically

refractory dystonia, partly as a result of better understand-

ing of the pathophysiology of dystonia and improved safety

and efficacy of deep brain stimulation (DBS) (Kenney

et al., 2007).

INTRATHECAL BACLOFEN

Baclofen is a g-aminobutyric acid (GABA) analog admin-

istered orally for a variety of reasons, including dystonia.

For dystonic patients that fail to respond to oral medica-

tions, intrathecal baclofen (ITB) has been used as an

alternative since the first report in 1991, treating a patient

with axial dystonia (Narayan et al., 1991). Subsequent

studies confirmed the benefits of ITB to treat segmental

dystonia, generalized dystonia and secondary dystonia

from cerebral palsy, stroke, head trauma and medications

(tardive dystonia) (Albright, 1996; Albright et al., 1996;

Dressler, Oeljeschlager and Ruther, 1997; Albright et al.,

1998; Walker et al., 2000). ITB may be particularly useful

when patients display dystonia accompanied by spasticity,

such as occurs with cerebral palsy, head trauma and stroke,

especially when attempting to improve function of the

lower extremities (Meythaler, Guin-Renfroe and Hadley,

1999; Butler andCampbell, 2000). Interestingly, a negative

or positive response to oral baclofen does not predict its

utilitywhen administered into the intrathecal space (Walker

et al., 2000). The medical literature on the use of ITB for

dystonia, mostly a decade or more old, discusses small case

series, and is not very compelling with regard to efficacy

(Narayan et al., 1991; Albright et al., 1996; Ford et al.,

1996; Paret et al., 1996; Dressler, Oeljeschlager and Ruther,

1997; Albright et al., 1998; Dalvi, Fahn and Ford, 1998;

Siebner et al., 1998; Awaad, Munoz and Nigro, 1999). A

relatively small proportion (20--30%) of patients improved

objectively using validated clinical scales for dystonia, and

predictors of response are not well established. ITB appears

to be equally effective for several types of dystonia, regard-

less of cause (primary generalized, secondary, generalized,

and segmental), though patients with tardive dystonia may

respond the best (Walker et al., 2000). The use of ITB for

dystonia has declined as the popularity of DBS has in-

creased, largely as a function of better efficacy (Vidailhet

et al., 2005; Kupsch et al., 2006) and tolerability

(Kenney et al., 2007).

Standard procedures at centers implanting ITB dictate

proof of unresponsiveness tomaximal doses ofmedications

that may improve dystonia: dopaminergic (levodopa), anti-

cholinergic (trihexyphenidyl), GABAergic (benzodiaze-

pine) or dopamine-depleting drug (tetrabenazine) (Jankovic,

2006; Kenney, Hunter and Jankovic 2007). Patients evalu-

ated for ITB should then undergo a trial bolus of baclofen

administered directly into the intrathecal space (25--200mg)
which may be repeated on as many as three occasions,

if initial trials reveal a lack of response (Walker et al.,

2000). A subjective and/or objective improvement is

usually necessary to proceed with implantation, but patients

havebeen reported to improveafter implantationdespite lack

of response during the trial infusion (Hou, Ondo and

Jankovic, 2001). ITB is then titrated in increments of about
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10% until the patient experiences a sufficient clinical re-

sponse or dose-limiting side effects. A maximal ITB dose is

approximately 1000mg/day. Recommendations for optimiz-

ing surgical technique are published as the result of a multi-

disciplinary conference entitled “ITB Therapy Best Practice

Forum” (Albright, Turner and Pattisapu, 2006). The authors

suggest subfascial pump placement, insertion of Tuohy

needle in an oblique, paramedian trajectory and catheter

placement at the spinal cord consistent with the therapeutic

indication (C1--4 for generalized dystonia). Other aspects are
also addressed including techniques tominimize cerebrospi-

nal fluid leak and prevent infection.

Albright reviewed their six-year, open-label experience

with 77 patients treated with ITB for severe generalized

dystonia (Albright et al., 2001). Dystonia was graded by

the Barry--Albright Scale (Barry, VanSwearingen and

Albright, 1999), which revealed improvement that was

maintained for two years of follow-up. Quality of life

(85%), ease of care (86%) and speech (33%) also im-

proved after ITB. Dystonia improved more in patients

with intrathecal catheters positioned at T4 or higher when

compared to catheters at T6 or lower. Side effects oc-

curred in 26% of participants: constipation (19%), weak-

ness (8%) and drowsiness (6%). Surgical complications,

on the other hand, developed in 38%: catheter malfunc-

tion (21%), infection (14%) and cerebrospinal fluid (CSF)

leak (8%).

In a more recent publication, Walker and colleagues

presented their experience with 14 dystonia patients treated

with ITB (primary generalized, n¼ 8; idiopathic cranial

segmental dystonia, n¼ 1; and secondary dystonia, n¼ 5)

(Walker et al., 2000) They reported a mean dose of patients

remaining on ITB of 590 ug/day (range: 50--1000 ug/day).
A previous response to oral baclofen did not predict the

response to ITB. Some patients responded to oral baclofen,

but not ITB and vice versa. The patient that benefited the

most had tardive dystonia, but primary and secondary

dystonia of various causes responded similarly. Specifical-

ly, of the 14 patients, 5 showed objective improvement

using blinded video-raters, two unequivocally and the

reminder to a lesser degree. Interestingly, four patients

with subjective improvement showed either no change or

worsening as judged by the Burke--Fahn--Marsden Dysto-

nia Scale (BFMDS). In five patients the BFMDS scores

worsened on ITB. It was not clear whether this reflected

disease progression or a direct effect of ITB. Six patients

experienced complications, two of which required revi-

sions. By the end of the follow-up period (mean: 29months;

range: 6--64 months), only four patients remained on ITB

therapy.

In one of the few randomized, double-blind, placebo-

controlled studies, Van Hilten studied the efficacy of ITB

to treat dystonia in sic patients with reflex sympathetic

dystrophy using a crossover trial design (van Hilten et al.,

2000). Each patient received five intrathecal injections:

two with placebo and one each with three different doses

of ITB (25 ug, 50 ug, and 75 ug). Using a visual analog

scale to assess dystonia severity, patients improved more

when receiving ITB when compared to placebo. Overall

benefit was better with 50 ug compared to 25 ug, but no

difference was noted between 50 ug and 75 ug. In the

open-label phase, dystonia of the arms improved markedly

in six out of seven patients receiving bolus ITB, leg dystonia

to a lesser degree. Three patients regained normal hand

function, and two regained the ability to walk.

PERIPHERAL SURGERY

Before botulinum toxin revolutionized the treatment of

blepharospasm, surgical treatments directed to either nerve

or muscle were often employed. Peripheral facial neurect-

omy involved damaging the nerve with various techniques

including alcohol injections, thermolysis, sectioning and

avulsion (Lang, 1998). High recurrence and/or complica-

tion rates (inability to close eye, excessive tearing and

weakness) were fairly high (Bates et al., 1991). As a result

of these difficulties, myectomy then became the surgical

procedure of choice with partial or complete removal of

procerus, corrugator and upper orbicularis oris (Gillum and

Anderson, 1981; Grivet et al., 2005). A second procedure

(lower myectomy) was performed with resection of tarsal,

septal and orbital portions of orbicularis oculi in those not

responding to the first (22--35%) (McCord et al., 1984;

Jones, Waller and Samples, 1985; Frueh, Musch and

Bersani, 1992). In a large series of 400 patients treated

with myectomy, approximately 90% experienced improve-

ment of visual disability (Patel and Anderson, 1993). These

procedures have been mostly abandoned in light of the

robust response that most experience with botulinum toxin

injections, although some patients who fail to obtain satis-

factory relief with the injections may require myectomy to

enable them to keep their eyes open (Figure 15.1) (Kenney

and Jankovic, 2007). Patients with co-existing apraxia of

eye-lid opening may benefit from blepharoplasty with or

without frontalis suspension (De Groot et al., 2000; Kerty

and Eidal, 2006).

Botulinum toxin 

? Medications 

Myectomy 

Figure 15.1 Algorithm for the treatment of blepharo-

spasm.
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A wide variety of surgical techniques have been at-

tempted to improve cervical dystonia, including myotomy,

myectomy, spinal accessory nerve section, anterior cervical

rhizotomy, epidural cervical cord stimulation and micro-

vascular decompression of spinal accessory nerve roots

(Lang, 1998; Kraus, Grossman and Jankovic, 2001; Meyer,

2001; Taira and Hori, 2001; Braun and Richter, 2002).

Surgical sectioning of the sternocleidomastoid was one of

the earliest attempts to improve torticollis, but was aban-

donedbecause ofmorbidity and recurrence of symptoms. In

46 patients with cervical dystonia undergoing 70 proce-

dures with intradural denervation approaches in 33 in-

stances, extradural denervation approaches in 21 and

myectomy sections (singly or combined) in 22 instances,

the global outcome was rated as excellent in nine (21%),

marked in 12 (27%), moderate in nine (21%), mild in nine

(21%) and no improvement in five (11%) (Krauss et al.,

1997). Therewas a statistically significant improvement for

almost all sub-scores of the Toronto Western Spasmodic

Torticollis Scale (TWSTRS); also functional disability and

pain improved. During the mean duration of long-term

follow up of 6.5 years, post-operative complications oc-

curred in 10% of the procedures, and usually resolved

shortly after surgery. One patient had a persistent side

effect consisting of mild difficulty with balance. In another

study involving 15 patients with cervical dystonia, excel-

lent benefit was reported in 13 of the patients after partial

resection of upper trapezius, splenius and semispinalis

bilaterally while preserving normal posture and mobility

during 3--10 years of follow-up (Chen et al., 1991). Neur-

ectomy, and specifically bilateral anterior cervical rhizot-

omy combined with partial section of the spinal accessory

nerve has been employed inmost of the peripheral surgeries

to treat cervical dystonia with studies ranging from 8 to 58

patients revealing improvement in 0--90% (average 65%)

(Meares, 1971; Fabinyi andDutton, 1980;Hernesniemi and

Keranen, 1990; Friedman et al., 1993). Complications of

anterior rhizotomies can be fairly disabling, with neck

weakness, neck instability (sometimes requiring cervical

fusion) shoulder weakness, pain and dysphagia. Barium

swallow examinations before anterior rhizotomy revealed

mild abnormalities in 68.3% of patients (n¼ 41) increasing

to 95.1% showing radiologic abnormalities, which were

moderate to severe in one-third (Horner et al., 1992).

Because of this morbidity, other investigators have fa-

vored a more selective denervation procedure, ramisect-

omy, which entails lesioning the posterior rami (C1--C6)
along with sectioning of the spinal accessory nerve

(Bertrand, Molina-Negro and Martinez, 1978; Bertrand

et al., 1987). Good to excellent responses have been

reported in 87--88% of patients (Bouvier, 1989; Bertrand

and Lenz, 1995). In a prospective study of 31 cervical

dystonia patients undergoing selective peripheral dener-

vation, a 30% decrease was noted in the TWSTRS at 12

months in patients with a history of responding to botu-

linum toxin (Munchau et al., 2001). Non-responders to

botulinum toxin showed no improvement. This procedure

has been better tolerated, but does cause sensory loss in

the distribution of the occipital nerve along with less

frequent trapezius weakness and dysphagia. Retrospective

studies indicated that patients with rotational torticollis

responded better than those with laterocollis or retrocollis

(Bouvier, 1989). Many problems exist with the literature

that discusses peripheral surgical treatment options to

treat dystonia: (i) most of the literature is 10--30 years

old, before botulinum toxin became first-line treatment;

(ii) none of the studies have a control population and long-

term follow-up is lacking; (iii) evaluations are not blinded;

(iv) many clinical assessments did not include a reliable

scale that has been validated in a systematic fashion. At

Baylor College ofMedicine, we no longer utilize peripheral

surgical treatments or ITB for cervical dystonia, but rather

rely on mostly botulinum toxin, medications in some

and DBS for patients refractory to these treatments

(Figure 15.2).

CENTRAL SURGERY/ABLATION

Generalized Dystonia

Primary

Stereotactic surgical techniques have been used to target

various regions in the brain to improve dystonia, including

the internal capsule, dentate nucleus, cerebral peduncle,

putamen, subthalamic nucleus, globus pallidus and thala-

mus. Cooper focused on thalamic lesioning for dystonia,

claiming that 69.7% of 208 patients with generalized

dystonia improved with a mean follow-up of 7.9 years

(Cooper, 1976). Initially, he lesioned the posterior ventro-

lateralis (VL) nucleus and observed the patient for several

months. If the dystonia worsened, or did not improve to a

satisfactory degree, the lesion was extended to VL anterior

or even the pulvinar nucleus leading to multiple operations

in many cases. Of the 208 patients, 69 had two operations,

41 had three, 24 had four, 5 had five, 1 had six and 2 had

seven (Bronte-Stewart, 2003). Jewish patientswith a family

Botulinum toxin 

? Medications 

Deep brain stimulation 

Figure 15.2 Algorithm for the treatment of cervical

dystonia.
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history of dystonia responded most favorably, but even

Jewish patients without a family history had a good re-

sponse in 75% of the cases, probably reflecting primary

dystonia with a genetic basis and low penetrance (DYT1).

In contrast to other reports, Cardoso and colleagues found

that only 43% of patients with primary dystonia improved

after VL thalamotomy, less than those with secondary

dystonia (50%) (Cardoso et al., 1995). Subsequent studies

over the next two decades revealed moderate to marked

improvement in 33--80% of patients with generalized dys-

tonia using thalamotomy (Gros et al., 1976; Andrew,

Fowler andHarrison, 1983; Tasker, Doorly andYamashiro,

1988; Cardoso et al., 1995). In one of these series, 3 out of

16 patients with generalized dystonia died within one year

of surgical intervention, but these patients were also se-

verely disabled prior to ablation (Andrew, Fowler and

Harrison, 1983). Cooper quoted a mortality rate of 2% in

his series of 208 patients (Cooper, 1976). Morbidity has

been one of the major limiting factors for bilateral thala-

motomy associated with frequent speech difficulty in

20--80% (Cooper, 1976; Andrew, Fowler and Harrison,

1983; Tasker, Doorly and Yamashiro, 1988). Other side

effects have included hemiparesis, dysphonia, numbness

and ataxia.

Historically, Cooper and other investigators favored

thalamic ablation over pallidotomy, which offered less

side effects, but more inconsistent benefits. Pallidotomy

made a slight re-emergence in use for dystonia, with the

findings that pallidotomy improved dystonia in

Parkinson’s disease (PD), if properly targeted to the

posterolateral portion of the GPi rather than the antero-

medial (non-motor) portion (Vitek, Bakay and DeLong,

1997; Eskandar et al., 1998; Gross et al., 1999; Bronte-

Stewart, 2003). Recordings from the pallidum in patients

with dystonia identified regular, irregular, bursting and

clustering patterns of discharge (Sanghera et al., 2003). It

has been postulated that either ablation or stimulation of

the pallidum at least partially abolishes the abnormal

patterns of discharge.

In small series pallidotomy improved primary general-

ized dystonia by 60--80% over several months of observa-

tion, unlike the immediate improvement occurring in PD

(Iacono et al., 1996; Lozano et al., 1997; Lin et al., 1998;

Ondo et al., 1998; Vitek et al., 1998). Unilateral pallidoto-

my appears to be both safe and efficacious. Some inves-

tigators caution about increased adverse events such as

dysphagia and dysarthria after a bilateral pallidotomy

(Kishore et al., 1997). Unfortunately no prospective, ran-

domized study has been performed comparing pallidotomy

to thalamotomy.However, in a retrospective comparison of

32 patients undergoing ablative surgery for dystonia,

thalamotomy (n¼ 18) and pallidotomy (n¼ 14), the

authors concluded that patients with primary dystonia who

underwent pallidotomy demonstrated significantly better

long-term outcomes than patients who underwent thala-

motomy (p¼ 0.05) (Yoshor et al., 2001).

Secondary

Thalamotomy has been reported to improve secondary

generalized dystonia from a moderate to a marked degree

in 30 out of 54 patients, with most undergoing unilateral

ablation (Tasker, Doorly and Yamashiro, 1988). Appen-

dicular dystonia improved more than axial dystonia. Four

of the five patients who underwent bilateral thalamotomy

developed persistent dysarthria and dysphagia, and func-

tional improvements waned over time. Three separate

series have indicated that thalamotomy is not very effective

for secondary dystonia caused by cerebral palsy (Van

Manan, 1965; Narabayashi, 1977; Kandel, 1989). No pro-

spective, randomized studies have been completed to date,

but in a retrospective analysis, patients with secondary

dystonia tended to do better with thalamotomy when

compared to pallidotomy, though these differences were

not statistically significant (Yoshor et al., 2001).

Focal Dystonia

Cervical

Cooper reported on a series of 160 cervical dystonia

patients treated with bilateral thalamotomy; an improve-

ment of 60% occurred with 20% experiencing speech

difficulty (Cooper, 1977). Andrew noted improvement in

10 out of 16 cervical dystonia patients after bilateral

thalamotomy, but persistent dysarthria was high (Andrew,

Fowler and Harrison, 1983). Unilateral thalamotomy was

not found to be beneficial.

Writer’s Cramp

There are only few reports of ablative procedures to treat

task-specific focal hand dystonia (writer’s cramp), but this

literature does date back to 1969 (Siegfried, Crowell and

Perret, 1969; Mempel, Kucinski and Witkiewicz, 1986;

Goto et al., 1997;Taira, Harashima and Hori, 2003; Taira

andHori, 2003). The largest series reported to date included

12 patients with medically intractable task-specific focal

dystonia of the hand who underwent thalamotomy (nucleus

ventrooralis) (Taira and Hori, 2003). Seven patients were

professionals who stopped their careers because of exces-

sive dystonic symptoms. The mean sub-score on the

writer’s cramp rating scale improved from 13.1 to 0.8

(p < 0.001). Two patients developed transient hemiparesis

and dysarthria, which resolved within three weeks, while

another patient developed a possible pulmonary air embo-

lism without clinical sequelae.
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CENTRAL SURGERY/DEEP BRAIN
STIMULATION

Mudinger reported the use of thalamic stimulation in 1977

for cervical dystonia (Mundinger, 1977), but themajor shift

from ablative surgery to DBS occurred after Benabid

reported the use of thalamic DBS to control tremor in

1987 (Benabid et al., 1987). In comparison to ablative

procedures, DBS has several advantages (Tagliati et al.,

2004). First, implantation is reversible, allowing patients to

be eligible for future therapies that may require intact basal

ganglia structures. Second, programming parameters are

adjustable. Third, the overall side effect profile is more

benign, especially for bilateral procedures commonly used

in dystonic patients (Kenney et al., 2007). Serious adverse

events reported include intracerebral hemorrhage in 1%,

infection in 4% and seizure in 1% (Kenney et al., 2007).

Ideal candidates have primary generalized dystonia that has

not responded tomedications or botulinum toxin alongwith

significant disability from motor dysfunction (Table 15.1).

Segmental dystonia, hemidystonia and some forms of focal

dystonia (cervical) also respond, but to a lesser degree;

primary dystonia, in particular DYT1 positive dystonia,

responds more favorably than secondary dystonia (Volk-

mann and Benecke, 2002; Eltahawy et al., 2004; Krause

et al., 2004; Vidailhet et al., 2007). The Food and Drug

Administration (FDA) granted Medtronic a Humanitarian

Device Exemption for the treatment of primary generalized

dystonia in 2003.

Generalized Dystonia

Primary

Benabid reported that thalamicDBSimprovedflexionof the

limbs in two patients with primary dystonia (Benabid et al.,

1996). Thalamic DBS did not improve dystonic symptoms

appreciably in a patient with inherited myoclonus dystonia

(Trottenberg et al., 2001).While thalamic DBS appeared to

provide some benefit, early reports favored GPi-DBS be-

cause of superior efficacy (Vercueil et al., 2001). In a

retrospective study of nine primary dystonia patients, the

authors noted improvement of global functional improve-

ment, but not dystonia movement or disability scores with

thalamic DBS targeted to the VL nucleus (Vercueil et al.,

2001).Becauseofmodest improvementswith thalamicDBS

to treat primary dystonia, the authors began treating this

patient population solely with GPi-DBS.

Several small, open-label studies conclude that bilateral

GPi-DBS improves primary dystonia 60--100% using the

Unified Dystonia Rating Scale (UDRS) BFMDRS (Kumar

et al., 1999; Coubes et al., 2000; Tronnier and Fogel, 2000;

Yianni et al., 2003;Zorzi et al., 2005;Diamond et al., 2006).

Amelioration of dystonia tends to be delayed, gradual and

cumulative, as seen after pallidotomy (Vidailhet et al.,

2005). DBS settings are usually adjusted regularly during

the first year after implantation with minimal adjustments

required during follow-up (Kumar, 2002). Batteries may

deplete as quickly as two years in patients with dystonia, as

energyconsumption ismuchhighergiven theneed for larger

pulse width and voltage to optimize symptomatic improve-

ment (Bhidayasiri and Tarsy, 2006). In contrast to PD and

essential tremor, in which DBS frequency is around 150, in

patients with dystonia with the electrode placed poster-

oventrally within the internal globus pallidus, nearer the

internal capsule, much lower frequency, perhaps as low as

60Hz, may enhance the efficacy and tolerability of chronic

stimulation (Alterman et al., 2007). In contrast to thalamot-

omy, no signs of regression usually occur after GPi-DBS,

although patients with progressive dystonia, such as DYT1

dystonia, may continue to deteriorate after a period of

stabilization as part of the natural history of the disease.

Medications can be reduced in patients with generalized

dystonia after GPi-DBS resulting in improved alertness and

cognitive function. No deterioration in cognition has been

detected after GPi-DBS (Halbig et al., 2005). GPi-DBS is

gaining acceptance as the surgical treatment of choice, not

only in adult patients with dystonia, but also in children

(Figure 15.3) (Alterman and Tagliati, 2007).

The largest published experience with GPi-DBS for

dystonia reported on 53 patients, including 15 with DYT1

positive generalized dystonia, 17 with DYT1 negative

dystonia and the remainder with secondary dystonia (Cif

et al., 2003). One year after implantation, dystonia im-

proved 71% in the DYT1 positive group and 74% in the

DYT1 negative group using BFMDS scores. Secondary

dystonia improved, on average, to a lesser degree, 31%.

Adverse events were limited to delayed infection in three

cases and a single lead fracture. The best controlled study to

date enrolled 40 patients (primary dystonia, n¼ 26; seg-

mental dystonia, n¼ 14) in a prospective, multi-center

study; patients were randomized 1:1 to neurostimulation

or sham stimulation (Kupsch et al., 2006). At three months

the BFMDS scores improved 39.3% in the treatment group

and only 4.9% in the sham group (p< 0.001). Interestingly,
patients with generalized dystonia and segmental dystonia

experienced similar symptomatic benefit after six months

of stimulation. Infection at the simulator site occurred in

three patients, requiring removal in two cases. In a pro-

spective study of 22 patients with primary generalized

dystonia, seven of whom were DYT1 positive, bilateral

GPi-DBS improved dystonia by 54.6% (p< 0.001) at 12
months, according to a blinded rater using the BFMDS

(Vidailhet et al., 2005); the disability score improved by

42%. Maximum benefit was not achieved in some patients

until 3--6 months after implantation. Five adverse events

occurred in three patients, all of which resolved without

permanent sequelae, including one case of sub-clinical
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frontal lobe edema, a fractured lead, two skin infections and

one hematoma near the neurostimulator. In one series of 16

patients treated for dystonia with GPi-DBS, two patients

committed suicide, an occurrence noted with other indica-

tions as well (Burkhard et al., 2004; Foncke, Schuurman

and Speelman, 2006). Overall current data supports the

conclusion that GPi is the preferred target for patients with

primary generalized dystonia. The best improvement has

been achieved in DYT1 positive dystonia, but remarkable

improvement has also been attained in non-DYT1 patients

(Vidailhet et al., 2005).

Secondary

Thalamic DBS may be more effective for secondary dys-

tonia, as reported in a case of hemidystonia caused by an

extradural hematoma (Sellal et al., 1993). The unilateral

electrode was targeted to the ventroposterolateral nucleus.

Another report of four patients with post-anoxic dystonia

noted little improvement after GPi-DBS; one patient even-

tually underwent bilateral thalamic DBS with substantial

functional improvement (Ghika et al., 2002).

Although some reports indicate that thalamotomy may

be more effective for secondary than primary dystonia,

GPi-DBS has produced less dramatic results. In three

patients with secondary dystonia the BFMDRS improved

23.7% after 6--12 months of follow-up (Bronte-Stewart,

2003). In one patient with secondary generalized dystonia,

bilateral GPi-DBS improved dystonia only 14% after six

months (Tronnier and Fogel, 2000). In another case of post-

traumatic hemidystonia, bilateral GPi-DBS led to a remar-

kable improvement in pain, dystonia and function, which

maintained after four years of follow-up (Loher et al.,

2000). In a case report of tardive dystonia, the patient was

implanted with GPi-DBS on one side and Vim-DBS on the

other (Trottenberg et al., 2001). The authors found only the

GPi-DBS to be effective.

Focal Dystonia

Cervical

Patientswho have failed first-line treatmentwith botulinum

toxin and with medications may be candidates for DBS

(Goto,Mita andUshio, 2002).Mundinger pioneered the use

of thalamic DBS for cervical dystonia in a report of seven

patients who underwent 30--40 minutes of stimulation

resulting in relief of dystonia for 3--4 hours (Mundinger,

1977). Krauss reported excellent clinical outcomes in five

patients with cervical dystonia 20 months after bilateral

GPi-DBS (Krauss et al., 2002). Using the TWSTRS, a

statistical improvement was observed starting threemonths

after implantation, which persisted throughout the period of

observation. At the 20-month time point, the severity score

improved 63%, while the disability and pain scores im-

proved 69% and 50%, respectively. Hung reported experi-

ence with bilateral GPi-DBS to treat severe cervical

dystonia in 10 patients (Hung et al., 2007). Long-term

follow-up (1--5 years) revealed improvement of 56.8%

using the TWSTRS. The severity score, disability score

and pain score all improved to a similar degree. As with

generalized dystonia, phasic movements improved more

rapidly than tonic movements. The results from this largest

series to date of patients with medication-refractory cervi-

cal dystonia treated with GPi-DBS confirms findings from

previous case series by demonstrating improvements in

dystonic movements and disability, however, must be

interpreted cautiously as this was an open-label study and

the TWSTRS assessments were not performed by a blinded

rater. Further, it is unclear whether all patients received the

maximum tolerated dosage of medications, including opti-

mal treatment with botulinum toxin. Improvement of cer-

vical dystonia with GPi-DBS is consistent with the finding

of others that axial regions (e.g., trunk and neck) improve

more than distal areas (Diamond et al., 2006).

CONCLUSION

Most patients with focal or segmental dystonia respond

sufficiently to botulinum toxin injections such that surgical

options are not needed. For those patients with medically

refractory segmental dystonia, hemidystonia and general-

ized dystonia,DBS offers a relatively safe treatment option.

Primary dystonia patients, particularly DYT1 positive,

respond most favorably. Less consistent results have been

obtained with secondary dystonia, but few alternative

treatments exist for these patients.With the advent of DBS,

peripheral surgeries, ITB and ablative surgeries are being

performed much less frequently. However, a large body of

evidence supports their utilization in the appropriate patient

population.
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Wilson’s Disease
George J. Brewer

Department of Human Genetics, Department of Internal Medicine, University of Michigan Medical School, Michigan, USA

INTRODUCTION TO THE DISEASE

Wilson’s disease (WD) is a rare disease of copper accumu-

lation and copper toxicity (Brewer and Yuzbasiyan-

Gurkan, 1992; Brewer, 2000, 2001, 2004; Hoogenraad,

1996; Scheinberg and Sternlieb, 1984). It is inherited as an

autosomal recessive disease. In most populations the dis-

ease frequency is about 1 in 30 000 to 40 000 births. The

disease is due to mutations in both copies of the ATP7B

gene (Bull et al., 1993; Tanzi et al., 1993; Yamaguchi,

Heiny and Gitlin, 1993), which is involved in excreting

excessive copper into the bile for loss in the stool. Copper is

an essential trace element, but the average diet contains

about 1 mg of copper, which is in excess of needs by about

0.25mg. This excess copper, if not excreted in the bile,

gradually accumulates. It is primarily stored in the liver, but

as the liver’s storage capacity is exceeded, the liver is

damaged. This probably begins as early as three years of

age. Excess copper begins to accumulate in other parts of

the body, and the next most sensitive areas are those parts

of the brain that coordinate movement.

Patients present in roughly equal numbers with liver

disease or neurologic disease. In Western countries the

age of presentation of both types is generally from age

10--40 years,with a peak at about 20 years. In countries such

as India and the Far East, the age of presentation tends to be

much younger.

The liver disease presentation can take several forms

(Brewer and Yuzbasiyan-Gurkan, 1992; Brewer, 2000,

2001, 2004; Hoogenraad, 1996; Scheinberg and Sternlieb,

1984). It may present with an episode of hepatitis, with

jaundice. Usually such patients are viral negative, although

viral positivity can coincide with WD. If a diagnosis is not

made, the hepatitis may subside, but then recur, perhaps

several times. In between episodes, the serum transaminase

enzymes tend to remain elevated. The liver damage may

remain sub-clinical, and the patient develops cirrhosis. The

cirrhosis may be discovered on a routine scan, or when

portal hypertension causes thrombocytopenia and/or leu-

kopenia, or when the patient bleeds from esophageal or

gastric varices. Somepatientswill presentwith liver failure,

with elevated serum bilirubin, low serum albumin, ascites

and/or peripheral edema, abnormal serum clotting factors

and even hepatic encephalopathy.

The neurologic presentation includes one or more symp-

toms of a movement disorder (Starosta-Rubinstein et al.,

1987). Symptoms that can occur include dysarthria, tremor,

incoordination, muscle cramps or stiffness from dystonia,

postural or gait abnormalities from dystonia, dysphagia and

drooling. One symptom may occur in isolation for a

long period of time (such as tremor), or many symptoms

mayoccur at about the same time.About half of patients who

present with neurologic disease have had sufficient

psychiatric/behavioral disturbances to have seen a health

care worker for these problems (Brewer, 2005). Such behav-

ioraldisturbancesmayantedate neurologic symptomsby2--3
years. The behavioral problems are quite wide-ranging and

include loss of emotional control, depression, impulsiveness,

delusions, disinhibition and other bizarre behaviors.

Because the disease is inherited, once a case is diag-

nosed, it is important to work up full siblings, because each

has a 25% chance of being affected, but at a pre-symptom-

atic state. The disease is close to 100% penetrant, so it is

important to treat these pre-symptomatic patients prophy-

lactically. Pre-symptomatic patients may also be occasion-

ally diagnosed by workup after a routine screening reveals

elevation of transaminase enzymes, or by chance ophthal-

mological detection of copper deposits in the cornea, called

Kayser--Fleischer (KF) rings.
It is important that WD be diagnosed as early as possible

because it is very treatable, and severe irreversible changes

can largely be prevented if treatment starts early enough.

The key to diagnosis is for physicians to screen patients

who present with hepatitis, cirrhosis, liver failure, tremor,

early age Parkinson’s syndrome or other symptoms of a

movement disorder, for WD (Brewer, 2001, 2004). The

Therapeutics of Parkinson’s Disease and Other Movement Disorders    Edited by Mark Hallett and Werner Poewe
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problem is that there are many more patients with viral

hepatitis, alcoholic cirrhosis, steatohepatitis, essential

tremor, real Parkinson’s disease and so on, than there are

who have WD. Thus, it is critical for physicians and

specialists who see these kinds of patients to be ever

vigilant for, and rigorously screen for, WD.

Screening for, and definitive diagnosis of, WD with a

neurologic presentation, is shown in Figure 16.1. The

patient, with one or more symptoms of a movement disor-

der, should have an ophthalmologic examination by slit

lamp for KF rings, and a 24-hour urine copper study. KF

rings were present in 178 of 179 of our patients who had

neurologic disease, so they are an excellent indicator of

WD in this type of patient. Only very rarely have KF-like

rings been seen in the absence of WD (one exception is

chronic obstructive liver disease). In our experience,

24-hour urine copper is always over 100mg (normal

20--50) in symptomatic, untreated WD patients. Thus, the

presence of both KF rings and a 24-hour urine copper over

100mg in a neurologic patient establishes the diagnosis,

and further workup is unnecessary (Brewer, 2001, 2004).

We like to have positive results in both tests because

occasionally an inexperienced ophthalmologist will make

an error in diagnosing KF rings (in either direction) and a

24-hour urine copper can be faulty because of contamina-

tion or inexperience with the assay. If both these tests are

negative, WD (in a patient with neurologic symptoms) is

excluded. In the rare instance where these two tests are

discordant, a liver biopsywith quantitative assay for copper

will settle the matter (Figure 16.1).

Occasionally, magnetic resonance imaging (MRI) or com-

puted tomography (CT) brain scans may be helpful in diag-

nosing patients with neurologicWilson’s disease. These scans

are usually abnormal in patients with neurologic symptoms

fromWilson’s disease. While they are not specific enough to

be diagnostic, they can support the diagnosis, andoccasionally

may suggest it in the first place, for example, in patients with

primarily psychiatric symptoms.

Screening for, and definitive diagnosis of, WD with a

hepatic presentation is illustrated in Figure 16.2. Screening

and diagnosis is not as straightforward as with the neuro-

logic presentation, because KF rings are only present about

half the time, and because other hepatic diseases can also

elevate urine copper (Brewer, 2001, 2004). Chronic

obstructive liver disease (marked by very high alkaline

phosphatase levels) is a particularly difficult differential

because it can elevate liver copper and urine copper into the

Wilson’s range, and even result in KF rings. However, in

the absence of chronic obstructive liver disease, the pres-

ence of KF rings and a urine copper over 100mg are pretty
strong indications of WD. However, a liver biopsy with

If tests are discordant, i.e. urine copper over 100µg and KF
rings negative, or KF rings positive and urine copper under
50 µg, do liver biopsy and measure hepatic copper  

24-hour Urine Copper

Hepatic Copper
(µg/g dry weight of tissue)

Diagnosis of Wilson’s
Disease Established

Over 100 µg

KF Rings: Present

Under 50 µg  

KF Rings: Absent 

Wilson’s Disease
Ruled Out   

Under 125

Wilson’s Disease
Ruled Out   

Over 200

Wilson’s Disease
Established

Figure 16.1 Screening and diagnosis in patients with the

neurologic/psychiatric presentation.

Over 250 Under 125

24-hour Urine Copper 

Hepatic Copper
(µg/g dry weight of tissue)

A liver biopsy with assay of liver copper is often necessary
to make  diagnosis sure.  

Wilson’s Disease Present 
(in absence of chronic  

obstructive liver disease) 

Wilson’s Disease
Ruled Out   

Under 50 µg  

KF Rings: Absent 

Unlikely that
Wilson’s Disease

is Present   

Over 100 µg

KF Rings: Present

Likely Diagnosis of Wilson’s
Disease (in absence of chronic

obstructive liver disease)   

Figure 16.2 Screening and diagnosis in patients with the

hepatic presentation.
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quantitative assay for copper usually needs to be carried

out, to confirm the diagnosis. The same specimen can be

used to assess liver histology.

Screening for, and definitive diagnosis of, WD in the

pre-symptomatic patient (siblings of an affected) is shown

in Figure 16.3. About one-third of such patients have KF

rings, and about two-thirds have 24-hour urine copper

values over 100mg (Brewer and Yuzbasiyan-Gurkan,

1992). Such patients have WD. If KF rings are absent, and

24-hour urine copper is normal (20--50mg), in our experi-

ence the diagnosis is excluded. If the patient is younger than

15 years, we repeat the study at age 15 just in case copper

hasn’t had time to accumulate in a young patient. If KF

rings are absent and urine copper between 50 and 100mg/24
hour, a liver biopsy with quantitative assay for copper is

required to settle the matter. This is because the 50--100mg
region of 24-hour urine copper values is an overlap region

between gene carriers and pre-symptomatic affected sib-

lings (Yuzbasiyan-Gurkan, Johnson and Brewer, 1991).

Another approach to diagnosing siblings of an affected

is a DNA-based approach called haplotyping. In this

approach, genetic markers on each side of the ATP7B gene

are compared between the affected and siblings. In this

way, it can be determined if the sibling shares both of the

chromosomes carrying ATP7B with the affected, in which

case the sibling is affected, only one chromosome shared,

in which case the sibling is a carrier, or none, in which case

the sibling is completely normal. This is a very reliable

approach for diagnosing siblings of an affected patient,

and commercial services are available.

The above discussion of screening and diagnosis leaves

out measuring serum ceruloplasmin (Cp) because we have

never found it to be definitive in any situation. It is low in

80--90%ofWDpatients, but also low in20%ofgene carriers

(Brewer andYuzbasiyan-Gurkan, 1992). Thus, if low, it can

be used to affect index of suspicion, but shouldn’t be used as

a definitive diagnostic aid. Similarly, serum copper is not

veryuseful indiagnosis.BecauseCp-boundcopper accounts

for the majority of serum copper, the serum copper can be

low, normal or high, dependent upon the Cp level.

Analysis of DNA for mutations in the ATP7B gene in

order to diagnose Wilson’s disease is still in its infancy.

There are so many causative mutations that it is very

difficult to detect all of them, and thus a negative test

may be negative because the testing simply didn’t reveal

the mutation. While efforts are being made to use this

approach, it isn’t yet ready for practical use. This should not

be confused with the haplotype approach of DNA analysis,

which is very accurate for diagnosing siblings of an affect-

ed, as already discussed.

Haplotype Analysis of DNA.
Excellent at Genotyping 

Siblings 

If urine copper between 50 and 100 µg, liver biopsy with measure of copper
required.   

Patients Under Age 15
Wilson’s Disease Unlikely,

But Repeat Studies at Age 15

Patients Over
Age 15

Wilson’s Disease
Ruled Out     

Diagnosis of Wilson’s
Disease Established

Over 100 µg

KF Rings: Present

Under 50 µg

KF Rings: Absent

24-hour Urine Copper 

Over 200

Hepatic Copper
(µg/g dry weight of tissue)

Wilson’s Disease
Established

Under 125 

Wilson’s Disease
Ruled Out   

Figure 16.3 Screening and diagnosis of pre-symptomatic siblings.
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THERAPEUTICS OF WILSON’S DISEASE

Introduction

Since WD is a disease of copper accumulation and copper

toxicity, therapy of this disease centers on treatment with

anti-copper drugs.Most physicians have been educated in a

period when penicillamine was the only anti-copper drug

available, or was at least the only first line anti-copper

therapy available. However, gone are the days when a

diagnosis of WD simply means pushing the penicillamine

treatment button. We now have different therapies avail-

able which are generally better than penicillamine and

very much less toxic. In fact, we rarely use penicillamine

any more. It is important to use the right drug, or combina-

tion of drugs, in specific situations, and it behooves the

physician who is going to treat a patient with WD to

know which drugs to use, and when. We will begin with

a discussion of each of the anti-copper drugs and include

a discussion of their mechanism of action, their toxicities,

and how to monitor for efficacy and toxicity. We will then

turn to the treatment of each of the various phases and

presentations of WD.

It is not within the scope of this review to consider

ancillary therapies for the various symptoms and complica-

tions of WD, such as for neurologic or psychiatric symp-

toms or for the various problems of liver failure or portal

hypertension in these patients. In general, these problems

should be treated as in other diseases causing these

complications.

The Anti-Copper Drugs

Zinc

Zinc is becoming the mainstay of the treatment of WD,

either as sole therapy, or as joint therapy in specific situa-

tions. Zinc was first used in two patients in the Netherlands,

by Schouwink (Schouwink, 1961), whose work has largely

gone unnoticed because it was published only in a

thesis, and not in the literature. His work was later follo-

wed up in the Netherlands by Hoogenraad and colleagues

(Hoogenraad et al., 1978, Hoogenraad, Koevoet and de

Ruyter Korver, 1979, Hoogenraad, Van Hattum and Van

den Hamer, 1987). We initiated studies of zinc indepen-

dently (Brewer et al., 1983) after observing copper defi-

ciency in zinc-treated patients with sickle cell anemia

(Brewer et al., 1977; Prasad et al., 1978). In our sickle

cell studies, we had established that zinc had to be given

separate from food, in order to get significant absorption.

There are many substances in food that bind zinc and

prevent it from entering the intestinal cell.

Subsequently it was shown in rats by two groups that

the anti-copper mechanism of zinc action is through induc-

tion of intestinal cell metallothionein (Hall, Young and

Bremner, 1979; Menard, McCormick and Cousins, 1981;

Oestreicher and Cousins, 1985), which binds food and

endogenously secreted copper with high affinity, and pre-

vents its transfer into blood. Mucosal cells are sloughed

with about a six-day turnover time, and the complexed

copper is excreted in the stool. We subsequently showed

that the metallothionein mechanismwas true for humans as

well (Yuzbasiyan-Gurkan et al., 1992). In the WD patient,

it takes about two weeks of oral zinc therapy to fully induce

metallothionein, and block copper absorption.

We carried out extensive copper balance studies, supple-

mented with measuring uptake of orally administered 64Cu

to establish dose response (Brewer, Yuzbasiyan-Gurkanand

Dick, 1990, Brewer et al., 1993a; Hill et al., 1986, 1987).

We found that the minimally effective dose was 75mg/

day, but it had to be given in two or three divided doses.

We ended up recommending 50mg three times/day to

provide a safety factor, each dose separated from food

and beverages other than water by at least one hour.

Various possible zinc toxicities have been evaluated. It

has been suggested that zinc has an adverse effect on

cholesterol levels, and on lymphocyte function (Chandra,

1984), but this has been shownnot to be the case inWilson’s

disease (Brewer, Yuzbasiyan-Gurkanand and Johnson,

1991, Brewer, Johnson and Kaplan, 1997). Zinc therapy

results in mildly elevated levels of blood amylase and

lipase, raising the possibility of zinc-induced pancreatitis.

However, studies have not shown pancreatitis (Yuzbasi-

yan-Gurkan et al., 1989). It appears zinc induces higher

levels of these enzymes in the pancreas, increasing their

benign release into the blood. The sole remaining toxicity

of zinc is gastric irritation, which occurs in about 10% of

patients (Brewer et al., 1998). The zinc acetate we have

used is better tolerated than the zinc sulfate used elsewhere.

In most patients, the gastric irritation subsides after a few

days of zinc administration. In some patients, it occurs only

with the first morning dose. Often, simply having the

patient take the first dose of the day at midmorning, a

couple of hours after breakfast, solves this problem. In

recalcitrant cases, offending doses can be taken with a little

protein (no bread), such as hamburger, lunchmeat, cheese

or jello. Protein interferes with zinc absorption the least of

various foods.

Monitoring for zinc efficacy and compliance is the

simplest of all the anti-copper drugs (Brewer et al., 1998).

Since zinc doesn’t act by causing urine copper excretion,

the urinary excretion of copper is a good measure of

body loading of mobilizable copper. During maintenance

therapy with zinc, 24-hour urine copper will generally

decrease after the first year to 50--125mg (normal 20--50).
This value will tend to be maintained for years, as stored

hepatic copper is gradually mobilized, maintaining a

somewhat elevated value. It should be monitored every

6--12 months, and an increasing value, say by more than
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25%, is a warning of poor compliance. The value of urine

monitoring is strongly enhanced by also measuring zinc in

the same 24-hour sample (Brewer et al., 1998). In an

adequately treated, well complying, patient, 24-hour urine

zinc should be at least 2.0mg (normal 0.2--0.5mg). Fall off

in this value gives an early warning of poor compliance,

because it happens sooner than an increase in urine copper.

The interaction of zinc with the other anti-copper

drugs, penicillamine and trientine, has been looked at in

maintenance-phase patients (Brewer et al., 1993b). It was

determined that the combination of zinc with either of

these drugs does not increase negative copper balance over

zinc alone, probably because in the absence of excessive

available copper, these chelators bind some zinc, and thus

the zinc and chelator partially inactivate each other.

Therefore, during the maintenance phase, only one anti-

copper drug should be given.

After the multiple studies described above, the FDA

approved zinc therapy for the maintenance treatment of

WD in 1997.

Trientine

Trientine was introduced into WD therapy by Walshe

in 1982 (Walshe, 1982). It is a copper chelator that acts

primarily by increasing copper excretion in the urine. There

is also some evidence that it increases the fecal excretion of

copper. Its original use was as a substitute for penicillamine

in the face of penicillamine intolerance.

The dose of trientine is 1.0 g/day in two to four divided

doses. During maintenance treatment it is often possible to

decrease the dose to 750 to 500mg/day. Each dose should be

given at least one half hour before, or two hours after, meals.

Trientine has a fairly large number of toxicities that

include bone marrow suppression, proteinuria and, later in

therapy, autoimmune-like diseases, such as systemic lupus

erythematosis and Goodpasture’s syndrome.

Early in therapy with trientine, blood counts, basic blood

biochemistries and urinalysis should be carried out regu-

larly to monitor for toxicity. Weekly monitoring can be

decreased to biweekly, monthly, every three months, every

six months and, ultimately, annually, as evidence accumu-

lates that the drug is tolerated.

Monitoring efficacy is complicated by the fact that

trientine acts by increasing urinary excretion of copper.

Thus the 24-hour urine excretion of copper is a composite

of both the body loading of copper and the therapeutic

effect of the drug. Nonetheless, 24-hour urine copper is

usually monitored, and starts out at 1mg or more during

early treatment and decreases to 500mg or so during

maintenance therapy. However, a better way to monitor

efficacy is to follow blood “free”-copper levels. Free

copper refers to easilymobilizable copper, and in the blood,

is the non-ceruloplasmin copper. Ceruloplasmin (Cp) is the

major copper-containing protein in the blood. The copper

in Cp is covalently bound, and not toxic. The rest of the

copper in the blood is more loosely bound to albumin and

other molecules, and is the potentially toxic copper pool

inWD. This “free” copper is determined by simultaneously

measuring serum copper and ceruloplasmin on the same

sample. Each mg/dl of Cp contains 3mg/ml of copper.

This value is subtracted from total serum copper. The

normal value of “free” copper is 10--15mg/dl, and this is

the desired value in well-treated WD patients during

maintenance therapy. If it trends upward, problems with

compliance should be suspected.

Tetrathiomolybdate

Tetrathiomolybdate (TM) came to attention as a result of

observations in Australia and New Zealand, in which

ruminants, but not non-ruminants, grazing in certain pas-

tures, developed a disease later shown to be severe copper

deficiency (Dick and Bull, 1945; Ferguson, Lewis and

Waterson, 1943; Miller and Engel, 1960). The soil of the

pastures was found to have a high molybdenum content.

Feeding molybdenum to ruminants, but not to non-

ruminants, reproduced the disease syndrome (Marcilese

Ammerman et al., 1969; Mason, 1990). Later it was found

that the rumen converted the molybdenum to thiomolyb-

date compounds. These compounds, given to rats, produ-

ced strong anti-copper effects with the tetra-substituted

compound, tetrathiomolybdate, being the most potent

(Bremner, Mills and Young, 1982; McQuaid and Mason,

1991; Mills, El-Gallad and Bremner, 1981, Mills et al.,

1981). Tetrathiomolybdate has seen use in veterinary med-

icine, where it has been used to save copper-poisoned

sheep, who often die of acute liver failure (Gooneratne,

Howell and Gawthorne, 1981).

Tetrathiomolybdate has a unique mechanism of action. It

forms a stable tripartite complex with copper and protein

(Bremner, Mills and Young, 1982; Gooneratne, Howell and

Gawthorne, 1981; Mills, El-Gallad and Bremner, 1981,

Mills et al., 1981). Used clinically, it can have two mechan-

isms of action (Brewer et al., 1991, 1994a, 1996, 2003,

2006). Given with food, it forms the complex with food

copper and endogenously secreted copper from saliva and

gastric juice, plus food protein. This complex does not allow

the absorption of the copper, and it passes out in the stool.

Thus, given this way, TM causes an immediate negative

copper balance. Given away from food, TM is well ab-

sorbed, and forms the complex with “free” copper and

albumin in the blood. This complexed copper is not avail-

able for cellular uptake, it accumulates to a certain extent,

and is metabolized primarily by the liver. In this way the

“free”, or potentially toxic, copper of the blood is rapidly

titrated. TM, used for initial treatment in WD, can titrate

copper toxicity in two weeks or less (Brewer et al., 1994a).
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The dose of TMused inmost of the initial work for initial

treatment of WD is 120mg given for eight weeks (Brewer

et al., 1991, 1994a, 1996, 2003, 2006). This daily dose is

broken down as 20mg three times/day with meals, and

either 20mg three times/day betweenmeals, or 60mg away

from food, usually at bedtime given as a single dose.

TMhas two toxicities inWD(Brewer et al., 2006).One is

anemia and/or leukopenia, which appear to be due to bone

marrow depletion of copper, copper being required tomake

cells. It occurs in about 10--15% of patients, and is quickly

responsive to a 2--5 day drug holiday followed by halving

the dose. The other toxicity is a further elevation of serum

transaminase enzymes. This also occurs in 10--15% of

patients and may be due to TMs ability to remove copper

frommetallothionein stores, further exacerbating hepatitis.

This too is quickly responsive to a 2--5 day drug holiday

followed by halving the dose.

There is no efficacy monitoring for TM, but because of

the two above toxicities, blood counts and serum biochem-

istries should be done weekly.

Penicillamine

Penicillamine was the first effective oral anti-copper drug

and was introduced in 1956 byWalshe (Walshe, 1956). It is

effective and for 40 years was essentially the main treat-

ment for WD, and a couple of generations of WD patients

owe their lives to this drug.

Penicillamine’s mechanism of action is that of a reduc-

tive chelator. It reduces copper, decreasing its binding

affinity to proteins, and then chelating the copper and

causing its excretion in the urine. Penicillamine is a very

aggressive mobilizer of “free” copper. It is not uncommon

for initial urinary excretion of copper to reach 10mg/day.

The dose of penicillamine is similar to trientine, 1.0 g/day in

two or four divided doses. Aswith trientine, it should be given

at least one half hour before, or at least two hours after, meals.

Penicillamine is an extremely toxic drug (Brewer and

Yuzbasiyan-Gurkan, 1992; Physicians Desk Reference,

2007). Upon initial administration, 20--25% of patients

exhibit a hypersensitivity syndrome with hives or rash and

fever. This can be overcome often by stopping the drug and

restarting at very low doses and working up, or by using

concomitant corticosteroid therapy.

Sub-acute and chronic toxicities include bone marrow

suppression, proteinuria, initiation of autoimmune dis-

eases, susceptibility to infection, arthralgias and numerous

skin manifestations such as skin wrinkling, abnormal scar

formation and elastosis perforans serpiginosa. Animal

studies have shown defective collagen formation in blood

vessels leading to risk of aneurysms (Nimni and Bavetta,

1965; Ronchetti et al., 1986).

Penicillamine is such a toxic drug we no longer recom-

mend its use in WD, now that we have effective and safer

alternatives. If penicillamine is used, there should be

frequent blood draws during early use, much as with

trientine, to monitor for toxicity. Its efficacy, and compli-

ance, can be monitored by following non-ceruloplasmin

serum copper, as with trientine.

Other Anti-copper Drugs

A drug called British antilewisite (BAL) saw some early

use inWilson’s disease and occasionally some practitioners

still use it. We don’t recommend its use because it has to be

injected, the injections are often painful and it has never

been shown that it is more effective than the orally admin-

istered anti-copper drugs.

Treatment of the Various Phases of Wilson’s Disease

Initial Treatment of the Hepatic Presentation
(see Figure 16.4)

Hepatic Failure

For our purposes, hepatic failure is defined as the liver not

keeping up with its normal functions such as to result in

hyperbilirubinemia, and reduced synthetic functions. The

latter leads to a low blood albumin and lower levels of

clotting factors, and a prolonged prothrombin time. It is

often accompanied by fluid accumulation in the form

of ascites or peripheral edema, and if severe, hepatic

encephalopathy.

IfWilson’s disease is diagnosed in such a patient, the first

step is to triage the patient in terms of whether a liver

transplant will almost certainly be required to save the

patient’s life (Figure 16.4). We have used the Nazer prog-

nostic index (Nazer et al., 1986) for this purpose and find it

very useful (Table 16.1). The scoring systems in use by

hepatologists for other liver diseases, such as the MELD

score, are not appropriate for triaging Wilson’s disease

patients, because they often dictate transplantation in

patients who can be better treated medically. A patient with

Hepatic Failure 
Triage Using Nazer Score 

10–12:  Refer for liver transplant 
    7–9:   Use clinical judgment re-transplantation 
    1–6:   Treat medically 

Medical Treatment 
Trientine, 1.0 g/day for 4 –6 months (in 2–4 divided  dose) 
Zinc, 50 mg 3x/day 

Hepatitis or Cirrhosis Without Liver Failure 
Zinc 50 mg 3x/day 

Figure 16.4 Initial treatment of the hepatic presentation.
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a Nazer score of 10--12 will almost certainly require

transplantation, while a score of 1--6 means the patient

should do well on medical therapy. A score of 7--9 indicates
judgment should be used as to whether to treat the patient

medically or not. If such a patient is treated medically, they

should be watched carefully for deterioration, which might

mandate transplantation. A new scoring system (Dhawan

et al., 2005), said to have improved specificity and sensitiv-

ity, has recently been published. It should be emphasized

again that it is important to use one of these WD-specific

scoring systems.

Our recommended therapy for liver failure patients to be

treated medically is a combination of 1.0 g of trientine/day,

in two to four divided doses, with 150mg of zinc in three

divided doses (Figure 16.4) (Askari et al., 2003). These

medications should be separated from food and from each

other by at least one hour. This combination is given for 4--6
months, then the trientine stopped, and zinc continued as

maintenance therapy. The length of time of giving trientine

can be varied depending on the recovery of liver function

tests (LFTs). If they arewell on their road to recovery at four

months, trientine can be stopped then. Otherwise it can be

continued until the six-month point.

Hepatitis or Cirrhosis

If the presentation is that of hepatitis, with elevated serum

transaminase enzymes and perhaps amildly elevated serum

bilirubin, but a normal serum albumin, the patient can be

treated from the beginning with 150mg zinc, in three

divided doses/day, and kept on this dose as maintenance

therapy (Brewer et al., 1998).

The same is true for the patient diagnosed with chronic

cirrhosis, whose LFTs are normal, aside from elevated

transaminase enzymes. Again, maintenance zinc therapy

can be initiated from the beginning.

Initial Treatment of the Neurologic/Psychiatric
Presentation (see Figure 16.5)

The Problems with Chelators

After developing zinc formaintenance therapy,we began to

get numerous patient referrals to switch to zinc from current

therapy, usually penicillamine. Many of these patients had

severe irreversible neurologic damage. As we delved into

thehistoryof thesepatients,webegan to realize thatmanyof

them had been diagnosed having mild neurologic disease,

but upon treatment with penicillamine, had worsened neu-

rologically, and never recovered. We did a retrospective

survey, and of 26 patients presenting neurologically and

treatedwithpenicillamine, 13hadworsenedneurologically,

and 6 never recovered to their penicillamine baseline

(Brewer et al., 1987). These data indicate there is a 50%

risk of worsening, and about a 25% risk of permanent loss

of function from penicillamine therapy. While such

survey numbers are somewhat soft, it is clear that there is

a substantial risk of permanent neurological worsening

with penicillamine treatment of neurologically presenting

patients.

Subsequently, we carried out a double-blind trial of

trientine, the other chelator on themarket, in neurologically

presenting patients. We found a rate of neurological wors-

ening with trientine of 26% (Brewer et al., 2006).

The mechanism of this chelator-induced neurologic

worsening may involve mobilization of copper from the

liver to the bloodstream, in order to accomplish urinary ex-

cretion. This flush of extra copper in the blood may further

elevate brain copper, causing the neurologic worsening.

The Development of Tetrathiomolybdate (TM)

The problems with chelators in treating the neurologic

presentation left us with the problem of how to treat these

Table 16.1 Prognostic index of Nazer et al., 1986 (modified with permission).

Laboratory

Measurement Normal Value

Score (in Points)

0 1 2 3 4

Serum bilirubin 0.2--1.2mg/dl <5.8 5.8--8.8 8.8--11.7 11.7--17.5 >17.5
Serum aspartate

transferase (AST)

10--35 IU/L <100 100--150 151--200 201--300 >300

Prolongation of

prothrombin time (seconds)

---- <4 4--8 9--12 13--20 >20

Modified from Brewer, G.J. (2001)Wilson’s Disease: A Clinician’s Guide to Recognition, Diagnosis, and Management, Chapter 6, page 91,
Table 6.2, with kind permission of Springer Science and Business Media.
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patients, because we felt that zinc was too slow acting for

these acutely ill patients. We estimate that it takes up to six

months for zinc as sole therapy to gain control over copper

toxicity, and during that period, the disease can progress.

Indeed, in one of three neurologically presenting patients

we treated with zinc alone, tremor progressed to a near

disabling level.

This caused us to look for another drug. The properties of

TM, reviewed earlier, seemed ideal for this purpose. For-

tunately, there had been enough animal and veterinarywork

with TM so that the FDA allowed us to use it for the initial

treatment of neurologically presenting WD. We developed

semiquantitative neurologic and speech scoring systems,

so that these patients’ neurologic function could be evalu-

ated weekly.

In a 55 patient open-label study, only 2 (3.6%) of

neurologically presenting patients treated with TM for

eight weeks reached criteria for neurologic deterioration

(Brewer et al., 2003). We believe that an occasional patient

will deteriorate because of the natural course of the disease,

while the penicillamine and trientine deteriorations are due

to a drug-catalyzed effect. In this study, we settled on a

standard dose of 120mg of TM/day, given as 20mg 3�/day

with meals, and 60mg away from food, given for eight

weeks, usually together with 50mg zinc twice daily.

Subsequently, we did a double-blind trial of TM vs

trientine in the treatment of neurologically presenting

patients (this is the study referred to earlier, in connection

with trientine). We confirmed the low rate of neurologic

worsening with TM (less than 4%) and observed the 26%

rate ofworseningwith trientine (Brewer et al., 2006). These

differences were statistically significant (p¼ 0.05). These

patients also received 50mg of zinc twice daily while on

TM or trientine.

Side effects of TM include a 10--15% rate of anemia/

leukopenia and a 10--15% rate of further increase in trans-

aminase enzymes (Brewer et al., 2006). These do not occur

prior to about four weeks of treatment, and both are

responsive to halving the dose. Given this data, we are

currently evaluating an alternate regimen of TM, where a

loading dose of 120mg/day is given for two weeks, then a

half dose of 60mg/day for an additional 14 weeks. The

objective is to retain the efficacy of the standard dose

regimen and reduce the side effects. It is too early in this

trial to know if these objectives will be accomplished.

It is anticipated that TM will become commercially

available in late 2009. Figure 16.5 lays out the options.

Until TM becomes available, we recommend zinc therapy

alone, thus avoiding the drug-catalyzed neurologic wors-

ening with the chelators. After TM becomes available, we

recommend using either the standard regimen for eight

weeks, or the alternate regimen for 16 weeks, followed by

maintenance zinc therapy.

In general, with TM therapy followed by maintenance

zinc, improvement in symptoms begins at about 5--6
months after therapy initiation and continues for another

Initial Treatment of the Neurologic/Psychiatric Presentation
Depending upon the Availability of Tetrathiomolybdate (TM) 

TM Available TM Not Available 

Alternate Regimen 
120 mg TM Daily  

20 mg 3 X/day with meals
60 mg away from food 
For 2 weeks; then 

60 mg TM Daily 
10 mg 3 X/day with meals 
30 mg away from food 
For 14 weeks, 

           + 
150 mg Zinc/day in 3 doses 

Standard Regimen  
120 mg TM Daily 

20 mg 3 X/day with meals 
60 mg away from food 

+ 
150 mg Zinc/day in 3 doses 

For 8 weeks, then continue 
on zinc 

Zinc, 150 mg/day in 3 doses 

After 16 weeks, continue on
zinc  

Figure 16.5 Initial treatment of the neurologic/psychiatric presentation. depending upon the availability of tetrathiomo-

lybdate (TM).
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18months. Defects present after two years will probably be

permanent. Overall, improvement is very substantial.

Those patients with the most severe defects to begin with

will have the most residual deficit.

Maintenance Therapy (see Figure 16.6)

The long-term therapy of WD is aimed at countering the

positive copper balance these patients have by enhancing

the excretion of copper. Since the pathologic tendency to a

positive copper balance is a lifelong constant, the anti-

copper therapy aimed at enhancing excretion must also be

a lifelong constant. Thus, these patients must take anti-

copper medication daily for the rest of their lives. This is

called maintenance therapy.

All three of the anti-copper medications currently on the

market, zinc, trientine and penicillamine, are effective, if

taken faithfully and taken properly. Thus, the choice comes

down to the safety profile. Because of this, zinc, which has

only gastric intolerance in a small percentage of patients, is

the first choice, and trientine, which has many fewer side

effects than penicillamine, is second choice.

Zinc has been verywell studied as amaintenance therapy.

A central paper (Brewer et al., 1998) involved 141 patients,

many of them followed for 10 years, and most of them for

five years. This is the largest and longest study of an anti-

copper maintenance therapy and provides guidance in the

dosing,monitoring, and results of zincmaintenance therapy.

Studies of zinc maintenance therapy have also come from

Hoogenraad’s group (Hoogenraad, Van Hattum and Van

denHamer, 1987) in theNetherlands, Czlonkowska’s group

(Czlonkowska, Gajda and Rodo, 1996) in Poland and

Nobili’s (Marcellini et al., 2005) group in Italy.

Trientine has not been as well studied, but observations

by a number of investigators, and our own observations

(Askari et al., 2003), indicate that it is better tolerated than

penicillamine.

There are several different settings for maintenance

therapy and each of these will be briefly discussed.

Maintenance Therapy after Initial Therapy

After initial medical therapy for hepatic failure, or for the

neurologic/psychiatric presentation, the patient then goes on

maintenance therapy for the rest of their lives (Figure 16.6).

Zinc is our first choice (Brewer et al., 1998), with trientine

second.

Treatment of Pre-Symptomatic Patients From the
Beginning

Most of these patients are siblings of an affected patient in

which family workup resulted in a diagnosis of an affected

patient in the pre-symptomatic state. Occasionally pre-

symptomatic patients will be diagnosed after chance ob-

servation of KF rings during an eye examination, or from

workup of a patient in which elevated serum transaminase

levels were observed from routine blood screening.

It is believed that WD is close to 100% penetrant, which

means that if you have the genotype, you will become ill

from copper toxicity at some point. This mandates prophy-

lactic anti-copper therapy.

Because these patients are pre-symptomatic they are

relatively comparable to patients who have presented clin-

ically, received initial therapy and are now in the mainte-

nance phase of therapy. Thus, these pre-symptomatic

patients can be treated from the beginning with mainte-

nance therapy. We recommend zinc (Brewer et al., 1998),

with trientine as second choice. A paper on the treatment

of 13 pre-symptomatic patients with zinc from the time of

diagnosis has been published (Brewer et al., 1994b).

Treatment of the Pediatric Patient

If a pediatric patient presents clinically with liver failure or

neurologic/psychiatric disease, they should be treated ini-

tially as discussed previously in those sections. After that,

they require maintenance therapy. However, many of these

patients will be diagnosed in the pre-symptomatic state as a

result of family workup.

We have worked out a reduced dose of zinc for pediatric

patients which is 25mg �2/day from age 1 until age 6,

25mg�3/day until age 15 or a body weight of 125 pounds,

then the adult dose of 50mg �3/day. In addition to our

publishedwork (Brewer et al., 2001), these doseswere used

in a study of maintenance therapy in 22 pediatric patients,

and worked very well (Marcellini et al., 2005). These

pediatric patients were followed for 10 years during which

Maintenance Treatment 
1st Choice 2nd Choice

After treatment of clinical presentation Zinc Trientine 
  

Presymptomatic patients Zinc Trientine 
  

 enitneirT  cniZ stneitap cirtaideP
  

 enitneirT  cniZ stneitap tnangerP

Figure 16.6 Maintenance Treatment.
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time there was very good efficacy and lack of toxicity.

Interestingly, they found improvement in liver histology,

including less fibrosis, in these zinc-treated patients

(Marcellini et al., 2005).

Treatment of the Pregnant Patient

A woman with WD who becomes pregnant will almost

invariably be inmaintenance therapy, because acute copper

toxicity usually prevents menstrual periods and fertility.

Once copper toxicity is controlled, menstrual periods will

usually begin again and the woman becomes fertile. There

is no contraindication to pregnancy in such women, assum-

ing their liver function is relatively normal.

It is important for pregnantWDpatients to continue their

anti-copper therapy to protect their own health. In the

days when penicillamine was the only therapy available,

a number of pregnant patients stopped their treatment

because of the teratogenicity of penicillamine, usually

leading to relapse of their WD and often death (Brewer

and Yuzbasiyan-Gurkan, 1992).

We have reported on 26 pregnancies treated with zinc

in which the health of the mother was fully protected

(Brewer et al., 2000). Two of the babies had birth defects.

This could be chance, but it was interesting that copper

control was among the best in these two women. This

suggests that the fetus may have suffered from inadequate

copper, which is known to be teratogenic. At this time we

recommend that the zinc dose be adjusted to maintain urine

copper between 75 and 150mg/day, compared to the usual

recommendation of 50--125mg/day.
Trientine has also been used successfully during preg-

nancy, and from scattered reports, appears to be a reasonable

choice.
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Cramps and Spasms
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Cramps and spasms are commonmedical ailments thatmay

be seen in a movement disorders clinic. Some of these

conditions are benign and self-limited, and fall into the

realm of typical movement disorders. In contrast, we also

review some less common neuromuscular disorders that

have some overlap with such movement disorders. This

chapter discusses these disorders in detail, in addition to

prevalence, clinical characteristics, diagnostic testing and

treatment modalities. When evaluating patients in a move-

ment disorders clinic, applying information provided in this

chapter will be useful in recognizing specific disorders

underlying the symptoms of spasms, in addition to muscle

cramps.

HEMIFACIAL SPASM

Hemifacial spasm (HFS) is a syndrome of unilateral,

involuntary, intermittent, tonic or clonic contractions of

one or more muscles innervated by cranial nerve VII.

Rare cases of bilateral HFS have been reported (Tan and

Jankovic, 1999). The two sides behave independently in

such cases. HFS most often initially affects the periorbital

muscles (orbicularis oculi) unilaterally. Over time, other

ipsilateral facial muscles (corrugator, frontalis, zygomati-

cus, risorius and platysma) become affected, and brief

clonic twitching can progress to more sustained tonic

contractions (see Figure 17.1). The facial nerve also in-

nervates the stapedius muscle in the middle ear, and clonic

contractions of that muscle can lead to a pulsating sound in

the ear. Although the occurrence of spasms is unpredict-

able, triggers including fatigue, anxiety, stress, reading,

exposure to bright light or fluorescent lights and driving

have been reported. Spasmsmay persist in sleep (Montagna

et al., 1986). HFS is sometimes associated with pain, and

ipsilateral facial weakness can occur in chronic cases.

There is no sensory loss. HFS occurs almost exclusively

in adults. Although rare cases of familial HFS have been

reported (Friedman, Jamrozik and Bojakowski, 1989;

Micheli et al., 1994; Miwa, Mizuno and Kondo, 2002), it

is ordinarily not considered to be a hereditary disorder. A

non-spontaneous form of HFS, known as “post-paralytic

HFS” occurs as a sequela of Bell’s palsy or trauma to the

seventh nerve (Martinelli, Giuliani and Ippoliti, 1992;

Valls-Sole and Montero, 2003). This is more appropriately

referred to as synkinesis.

Because HFS is an episodic disorder, there may be no

signs on physical exam; however, the spasms can often be

provoked by having the patient voluntarily close and then

open his or her eyes, puff out their cheeks or smile. The

classic findings are irregular periorbital spasms that cause

eyelid squinting or closure and lower facial spasms that pull

the cheek or chin or lift the corner of the mouth along with

platysma spasms.

Electromyography and blink reflex studies may help to

differentiate HFS from other involuntary facial move-

ments. The presence of characteristic high-frequency dis-

charges on EMG, in association with the lateral spread

response and variable synkinesis on blink reflex, constitu-

tes the electrophysiologic hallmark of HFS (Nielsen, 1984;

Nielsen, 1985).

While HFS is far more common than the other disorders

discussed in this chapter, there is a paucity of epidemiologic

data. One epidemiologic study in Olmstead County,

Minnesota found an average age-adjusted annual incidence

of HFS for all ages of 0.78/100 000. The prevalence was

14.5/100 000 in women and 7.4/100 000 in men (Auger and

Whisnant, 1990). HFS is particularly common in Asians.

HFS probably results from a peripheral injury to the

facial nerve. In a notable fraction of cases, HFS can be

attributed to vascular compression of the facial nerve at the

root exit zone (REZ), although the exact prevalence is not

well documented in the literature. Modern neuroimaging

techniques and surgical visualization often demonstrate

neurovascular compression (Figure 17.2). The offending

vessel is usually an atherosclerotic, aberrant or ectatic

intracranial artery,most commonly the anterior or posterior
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cerebellar artery or the vertebral artery. Various space-

occupying lesions in the cerebellopontine angle(epider-

moid tumors, lipomas and meningiomas) have also rarely

been associated with HFS (Auger et al., 1981; Digre and

Corbett, 1988; Galvez-Jimenez, Hanson and Desai, 2001).

Electrophysiologic evidence also implicates compres-

sion of the nerve at the REZ as the cause for HFS. The

theory of “ectopic” excitation and “ephaptic” transmission,

proposed by Gardner (1966) and later by Nielson (Nielsen,

1984, 1985), asserts that nerve compression and the result-

ing demyelination cause a “false” synapse at which ectopic

activity may be triggered. Mechanical irritation or flow of

extracellular current during passage of nerve impulses in

adjacent nerves leads to aberrant activity. Nielson demon-

strated that stimulation of the zygomatic branch of the

compressed facial nerve results in the expected response in

the orbicularis oculi and also a simultaneous response in the

mentalis muscle, which is supplied by the mandibular

branch. This phenomenon, which was absent in controls,

disappeared after surgical decompression of the facial

nerve. Moller and Jannetta (1984) examined intraoperative

intracranial recordings of the facial muscles and the facial

nerve near its entrance into the brainstem in HFS patients.

They proposed an alternate hypothesis that the REZ be-

comes a trigger where impulses are generated orthodromi-

cally as well as antidromically. They further postulated that

antidromic impulses activate facial nuclei motoneurons,

which in turn send impulses down the seventh cranial nerve.

Subsequently, spontaneous activity of the motoneurons

developed and was considered similar to “kindling.”

MRI and MRA are warranted in all HFS patients, but

especially those with atypical features, such as facial

Figure 17.1 (a) Patient shown with right hemifacial spasm demonstrating elevation of the eyebrow, squinting of the eye,

pulling of the corner of the mouth and tightness of the platysma; (b) The spasm is further activated by smiling.

264 DYSTONIA, CRAMPS, AND SPASMS



numbness and weakness. In patients with an underlying

structural mass lesion, treatment should be directed against

the identified lesion. However, most patients with HFS do

not fall into this category and must be treated medically.

Oral medical treatment is by “trial and error”. The

efficacy of oral medications is often modest and transient,

and, for this reason, this approach is not the first choice.

Carbamazepine, baclofen, clonazepam, haloperidol and

orphenadrine have all been studied in HFS (Alexander and

Moses, 1982; Hughes, Brackman and Weinstein, 1980;

Iacono et al., 1987). A cautious interpretation of the results

is needed due to very small numbers of patients in these

open-label, non-randomized treatment trials.More recently,

gabapentin has been added to the list of potentially useful

agents (Daniele et al., 2001; Bandini and Mazzella, 1999).

Sedation is a common side effect of all of thesemedications,

especially at higher doses.

For most patients with HFS, injections of botulinum

toxin (BoNT) into the involved facial muscles is the

treatment of choice. There is most experience with botuli-

num toxin type A (BoNT/A). BoNT acts by inhibiting the

release of acetylcholine pre-synaptically at the neuromus-

cular junction, which results in muscle weakening and

reduction in muscle spasms. Long-term open trials have

demonstrated that 92--97% of patients respond to the in-

jections and that, with repeated injections approximately

every three months, the response was maintained for years

(Mauriello et al., 1996; Kraft and Lang, 1988). The doses

utilized for BoNT/A (Botox) are 7.5--40 units on one side of
the face and injections can be placed in ocular and lower

facial muscles depending on the needs of the patient. The

dose does not change verymuch over time. Inmany patients

with upper and lower face spasms, injections in the perio-

cular area may be enough to control spasms on the entire

face. If not, injections can be given in whatever muscles

require it. The onset of action is 3--7 days and the mean

duration of benefit is 3--6months. Transient side effects are

local and include ptosis, weakness of eyebrow elevation or

eyelid closure, lacrimation abnormalities, blurry vision,

diplopia and facial weakness with an asymmetric smile.

(An asymmetrical smile might be avoided by not injecting

the zygomaticusmuscle.) These side effects usually resolve

in a few days orweeks but the therapeutic benefit lasts a few

months (Van den Bergh et al., 1995; Brin et al., 1988;

Defazio et al., 2002). Botulinum toxin type B has also been

found to be useful in HFS (Trosch, Adler and Pappert,

2007) particularly in those patients who develop antibodies

to type A. However, its use is limited due to burning pain

with injections and the rarity of immune resistance to

BoNT/A in part because of the use of low doses.

Surgical treatment of HFS is an option for some patients

who failmedical andBoNT/Amanagement.Microvascular

decompression of the facial nerve at the cerebellopontine

angle has emerged as a potentially useful surgical proce-

dure for HFS. The procedure involves placing a sponge

between the REZ of cranial nerve VII and any adjacent

Figure 17.2 MRI scan demonstrating vascular compression of the facial nerve (arrow) in the cerebellopontine angle by an

ectatic vessel (arrowhead).
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tortuous or dilated blood vessels that may be found to

compress the region. In a retrospective review of 1200

patients that underwent microvascular decompression for

HFS, follow-up for 2--10 years showed that 88.7% of the

patients were cured and 5.6% were relieved with an effec-

tive rate of 94.3%. Recurrence rate was 3.2%, and the

procedure was ineffective in 2.6% (Yuan et al., 2005).

Common complications include temporary or permanent

dysfunction of the facial or auditory nerves (Barker et al.,

1995; Auger et al., 1981; Yuan et al., 2005). Intraoperative

monitoring of the facial and auditory nervesmay reduce the

frequency of these complications. EMG recording of spon-

taneous activity from several facial muscles is used to

monitor facial nerve function intraoperatively. Brainstem

auditory evoked potentials, electrocochleography or direct

recording of nerve action potentials are used to intraopera-

tively monitor the function of cranial nerve VIII.

EPISODIC FOCAL LINGUAL SPASMS

An unusual form ofmuscle spasmwas reported byEdwards

et al. in a 33 year old woman who presented with episodic

tightening of the left side of her tongue (Edwards, Schott

and Bhatia, 2003). The episodes had no clear precipitants

and occurred over 100 times per day, lasting 20 to 120 sec-

onds. These spasms resulted in difficulty articulating and

swallowing. During such spasms, the tonguewould pucker,

become ridged and bulge. She also had a mild postural

tremor of the hands and investigations were unremarkable.

Two other very similar cases were reported by Lees et al. in

1986 and referred to as hemiglossal twisting (Lees, Blau

and Schon, 1986). Edwards et al. suggested that these

movements were the result of dystonia, although the puck-

ering movements were not characteristic and the nature of

the spasms remained unclear. Some have suggested that the

pathophysiology may be similar to hemifacial spasm, and

the prevalence of this disorder is unknown. Additionally,

while botulinum toxin therapy is a reasonable option, there

is no clinical experience to support this.

RIPPLING MUSCLE DISEASE

Rippling muscle disease (RMD) is not a movement disor-

der, but actually a rare benign myopathy characterized by

muscle hyperexcitability that is distinct frommyotonia. It is

included in this chapter because its presentation is frequent-

ly associated with muscle cramping. It was first reported in

1975 in a family with five affected members in three

generations (Torbergsen, 1975). Since then, several other

cases and families have been described and the etiology has

been discerned.

Hereditary cases of RMD generally have an age of onset

in the first and second decade (Torbergsen, 2002), while

sporadic autoimmune cases occur in the fourth decade and

beyond (Schulte-Mattler et al., 2005). The syndrome is

generally benign and non-progressive (Torbergsen, 2002).

Clinically, the earliest features are muscle stiffness and

slowness of movement after prolonged rest or sleep

(Torbergsen, 2002; Dotti et al., 2006). This stiffness often

leads to toe walking in the early morning (Madrid, Kubisch

and Hays, 2005; So et al., 2001), which disappears with

activity. In one family with 11 affected members, muscle

stiffness and myalgias were the most prominent symp-

toms (So et al., 2001). Patients also complain of

exercise-induced muscle pain and muscle cramping

(Torbergsen, 2002; Dotti et al., 2006), which is most

pronounced in the proximal leg muscles. There is also calf

hypertrophy (Dotti et al., 2006; So et al., 2001). The most

characteristic feature ismoundingofmuscle (also referred to

asmyoedema) in response tomechanical stimulation such as

percussion with a reflex hammer, called percussion induced

rapid muscle contraction (PIRC). There is also a rolling or

rippling contraction of muscle (Dotti et al., 2006; Kubisch

et al., 2003; Kubisch et al., 2005; Lamb, 2005; Lorenzoni

et al., 2007;Torbergsen, 2002).Thevelocityofmovement in

these rippling muscles is 10 times slower than the propaga-

tion velocity of muscle fiber action potentials. Muscle

strength is generally normal (Torbergsen, 2002), although

there have been reports of muscle weakness in more severe

cases (Kubisch et al., 2003; Kubisch et al., 2005; Roberts

et al., 2006; Lorenzoni et al., 2007; Madrid, Kubisch and

Hays, 2005). Other features include muscle fatigue and

sensitivity to cold. In one report, extraocular muscle paresis

was present (Ueyama et al., 2007). There have also been

reports of hypertrophic cardiomyopathy (Dotti et al., 2006).

There is some phenotypic variability from case to case, even

within families (Vorgerd et al., 1999; So et al., 2001).

Laboratory findings include a moderate elevation of

creatine kinase (CK) in the hundreds to thousands. Elec-

tromyography shows normal recruitment and motor unit

potentials in most cases (Torbergsen, 2002), but some

reports of myopathic potentials have also been published

(Dotti et al., 2006; Roberts et al., 2006). The rippling

contractions are electrically silent. One hypothesis is that

the abnormal muscle contractions are evoked by “silent”

action potentials traveling in the muscle’s tubular system

(Lamb, 2005). Recommended diagnostic criteria include

PIRCs, mounding and rippling contractions and elevated

CK (Torbergsen, 2002).

RMD is genetically heterogeneous and has been seen in

dominant, recessive and sporadic forms. Autosomal domi-

nant inheritance is most common. A single autosomal

dominant family was linked to chromosome 1q41 in

1994 (Stephan et al., 1994). There have been no other

RMD families linked to this locus. The most common

linkage has been to the gene CAV3 on chromosome

3q25, which codes for a sarcolemmal protein caveolin 3

(Betz et al., 2001). Caveolin 3 is a muscle specific protein
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product expressed in skeletal, cardiac and smooth muscle,

and is located in the sarcolemma and T-tubules. It is

involved in sarcolemmal trafficking, sorting, transport and

signal transduction (Lorenzoni et al., 2007). A mutation in

CAV3 results in T-tubule system derangement, sarcolem-

mal membrane alterations and subsarcolemmal vesicle

formation (Woodman et al., 2004). Thus far, more than

10 mutations (missense and deletions) have been described

(Torbergsen, 2002; Dotti et al., 2006; Lorenzoni et al.,

2007; Ueyama et al., 2007; Roberts et al., 2006). Recessive

mutations in CAV3 have also been reported, and these

homozygous cases are the ones who experience muscle

weakness and extraocular muscle paresis as previously

described (Kubisch et al., 2003; Kubisch et al., 2005;

Ueyama et al., 2007). The CAV3 gene is also linked to

three other disorders: limb-girdle muscular dystrophy type

1C, distal myopathy and hyperCKemia without neuromus-

cular symptoms, indicating phenotypic variability for the

CAV3 mutations.

There is an autoimmune form of RMD that has an onset

inmiddle age. It has been associatedwithmyasthenia gravis

(MG). In some cases, the rippling comes first, as does the

antibody to high molecular weight sarcolemmal proteins

that are functionally related to ion channels (Torbergsen,

2002; Schulte-Mattler et al., 2005). The MG subsequently

develops, and as with other cases of MG, these patients

develop thymomas and respond to their removal.

While several muscle biopsy reports were considered

negative for myopathic changes (Kubisch et al., 2003;

Kubisch et al., 2005), others have found proliferation of

the endomesial connective tissue, variation in fiber size

with centralization of nuclei and foci of necrosis (Roberts

et al., 2006; Dotti et al., 2006; Lorenzoni et al., 2007;

Madrid, Kubisch and Hays, 2005). Immunostaining has

demonstrated the absence of CAV3 in the sarcolemma

(Madrid, Kubisch and Hays, 2005; Lorenzoni et al.,

2007; Roberts et al., 2006; Dotti et al., 2006). Electron

microscopy demonstrates absence of caveolae in the sar-

colemma, subsarcolemmal vacuoles, plasmalemmal dis-

continuities, abnormal papillary projections and dilated

T-tubules (Kubisch et al., 2003; Dotti et al., 2006). In

autoimmune cases, immunoglobulin deposition is seen in

the sarcolemma along with inflammatory change, and the

CAV3 loss is irregular and appears in a mosaic pattern

(Schulte-Mattler et al., 2005). The mechanism of the

hyperexcitability in RMD is presumed to be the result of

abnormalities of the sarcoplasmic reticulum and calcium

channels (Torbergsen, 2002).

RMD is a rare disorder with a generally benign outcome

and for that reason there is little written on the treatment of

this disorder. Some investigators have suggested treatment

with dantrolene and calcium-channel blockers (Ricker,

Moxley and Rohkamm, 1989; Torbergsen, 2002). The use

of such agents requires confirmation.

For the autoimmune type, thymectomy and immunosup-

pressive therapy such as azathioprine are recommended

(Torbergsen, 2002; Muller-Felber et al., 1999).

SCHWARTZ--JAMPEL SYNDROME

The Schwartz--Jampel syndrome (SJS) is a rare, inherited

disorder characterized by generalized myotonia, short stat-

ure, skeletal abnormalities and a characteristic facies. SJS

has several synonyms including chondrodystrophic myo-

tonia, osteochondromuscular dystrophy and Aberfield’s

syndrome. Although the exact prevalence of SJS is un-

known, more than 80 cases have been reported in the

medical literature. Inheritance is usually autosomal reces-

sive, although dominant inheritance has been suggested in

some family reports (Pascuzzi et al., 1990). Symptoms

become apparent in the first three years of life, but could be

seen even at birth. There are case reports of pre-natal

diagnosis of SJS using ultrasonography (Hunziker et al.,

1989).

Height is typically below the 10th percentile in all age

groups. Several characteristic skeletal anomalies contribute

to the short stature. These include: bony dysplasia with

metaphyseal enlargement and cortical thickening, bowing

and shortening of the long bones of the extremities, ara-

chnodactyly, hip dysplasia with acetabular abnormalities,

kyphoscoliosis, platyspondyly with coronally cleft verte-

brae, lumbar lordosis and pectus carinatum (Mereu and

Porter,1969; Pavone et al., 1978; Schwartz and Jampel,

1962; Spranger et al., 2000; Viljoen and Beighton, 1992).

Patients have a waddling gait and a crouched stance.

Contractures of major joints are common and progressive

until mid-adolescence when they peak and thereafter re-

main static.

Myotonia results in a fixed facial expression with pursed

lips and narrowed palpebral fissures. Additional facial

anomalies include blepharophimosis, micronathia, upward

slanting eyes, exotropia, microcornea, low set ears with

folded helices and medial displacement of the outer canthi.

Other dysmorphic features include prominent eyebrows,

short neck, hypoplastic larynx and hypertrichosis. Patients

with SJS may have prominent proximal muscle hypertro-

phy and distal-predominant generalized weakness and

atrophy (Pascuzzi et al., 1990; Lehmann-Horn et al.,

1990). Myotonia is evident on thenar percussion. Tendon

reflexes are generally depressed although muscle tone is

increased. Intelligence is normal in most cases, although

several cases with mental retardation have been described

(Giedion et al., 1997).

Due to the clinical and radiologic heterogeneity in SJS,

Giedion et al. proposed a classification scheme (Giedion

et al., 1997). Type 1A exhibits moderate myotonia, bone

dysplasia, muscle hypertrophy and dysmorphic facies in

childhood. Type 1B is similar to type 1A but is apparent at
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birth and is associatedwithmore severe skeletal anomalies,

particularly short-limbed dysplasia with dumbbell shaped

femora (Kniest dysplasia-like). Type 2 is themost severe. It

manifests at birth with contractures, prominent myotonia,

camptomelia (severe long bone bowing), and severe facial

and pharyngeal anomalies that preclude normal feeding and

result in infantile death. Due to the similarities between

type 2 SJS and Stuve--Wiedemann syndrome, some authors

have suggested that they may represent the same disease

(Cormier-Daire et al., 1998). Life expectancy appears to be

normal in patients with type 1A SJS, whereas life expec-

tancy for patients with type 1B is probably reduced.

When SJS is suspected based on clinical and radiograph-

ic appearance, electromyography can be a useful confir-

matory procedure. Motor and sensory nerve conduction

studies are normal (Lehmann-Horn et al., 1990). Concen-

tric needle electromyography (CNEMG) shows persistent

spontaneous activity that is uninfluenced by curare or

ischemia (Lehmann-Horn et al., 1990; Taylor et al.,

1972). The spontaneous activity is in the form of high-

frequency, low-voltage discharges that wax and wane in

frequency and amplitude (myotonic discharges) as well as

high-frequency discharges that do not vary in frequency or

amplitude (complex repetitive discharges) (Pascuzzi et al.,

1990; Schwartz and Jampel, 1962; Lehmann-Horn et al.,

1990; Taylor et al., 1972; Squires and Prangley, 1996;

Jablecki and Schultz, 1982). Single fiber electromyography

(SFEMG) shows rather stable, sometimes intermittent,

discharge series with occasional amplitude and/or frequen-

cy fluctuations (Jablecki and Schultz, 1982; Lehmann-

Horn et al., 1990).

No pathognomonic histopathologic tests are available.

Light microscopy usually reveals normal skeletal muscle

(Lehmann-Horn et al., 1990; Pascuzzi et al., 1990; Squires

and Prangley, 1996). Mild myopathic features, including

excessive variability in fiber size, may occasionally be

observed (Scribanu and Ionasescu, 1981). Electron micros-

copy reveals subsarcolemmal membrane abnormalities and

mild changes in intracellular organelles (Lehmann-Horn

et al., 1990; Squires and Prangley, 1996). Although the

myofibrils have a normal configuration, the distribution of

isoforms of myosin, myosin light chains, and other con-

tractile or structural proteins are altered in SJS (Soussi-

Yanicostas et al., 1991). Serum CK may be modestly

elevated.

Inheritance of SJS is usually autosomal recessive.

Localization of the SJS locus to chromosome 1p34-p36.1

by homozygosity mapping has been reported (Nicole et al.,

1995). However, there are also reports of families with

neonatal SJS who do not map to human chromosome

1p34-p36.1, suggesting genetic heterogeneity (Brown

et al., 1997). The proteins that are altered are not known.

The pathophysiology of the myotonia in SJS is poorly

understood. In vitro studies of skeletal muscle fibers from a

patientwith SJS (using the cell-attached patch clampmode)

implicated a defect in sodium-channel gating as a potential

cause (Lehmann-Horn et al., 1990). Depolarizing pulses

elicited delayed synchronous sodium-channel openings

that persisted after the surface membrane repolarized. The

delayed openings suggest that the transition from the closed

to the open state of the sodium channel is altered. Repeated

openings during depolarization suggest a destabilization of

the fast-inactivated state so that channels can repeatedly

jump between the inactivated and open-channel states. This

destabilization of the fast-inactivated state increases mem-

brane excitability, thus contributing to the genesis of

myotonia (Lehmann-Horn et al., 1990).

Treatment is appropriate if SJS is symptomatic. Ortho-

pedic surgery may be needed for skeletal deformities.

Cosmetic repair of narrowed palpebral fissures may be

necessary to facilitate normal vision. Ophthalmologic

treatment of myopia and juvenile cataract is sometimes

warranted. Numerous drugs have been used in attempts to

abolish the continuous muscle activity associated with

SJS. Diazepam, barbiturates, phenytoin and quinine have

all been used without success (Seay and Ziter, 1978;

Topaloglu et al., 1993; Fariello et al., 1978). Procainamide

(Lehmann-Horn et al., 1990) and carbamazepine (Squires

and Prangley, 1996) have been shown to reduce myotonia

and muscle stiffness in SJS. Early and aggressive treat-

ment of myotonia may reduce the development of some

skeletal anomalies, such as bowing of the long bones

(Squires and Prangley, 1996). Because patients with SJS

are susceptible to malignant hyperthermia, depolarizing

muscle relaxants are best avoided during anesthesia (Seay

and Ziter, 1978).

HEREDITARY DISTAL MUSCLE CRAMPS
WITHOUT NEUROPATHY

Hereditary distal muscle cramps without neuropathy is

a rare disease characterized by persistent cramping in-

volving distal muscle groups. The trait is autosomal

dominant. Within affected families, anticipation is ob-

served (an earlier age of onset and increased severity of

symptoms are described with each successive generation).

Patients present in childhood or early adolescence with

painful muscle cramps predominantly affecting distal

muscles, with only rare cramps reported in more proximal

ones. In affected individuals, symptoms occur during

activity, at rest and even in sleep. Cramps are made worse

by cold or a sudden change in temperature, but can also be

present at normal temperature and in hot weather. After a

period of strong cramps, subjective weakness or tiredness

occurs, but no paralysis. The symptoms may progress

slightly with advancing age. Physical examination is

unremarkable except for the observation of dramatic

muscle cramps.
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The first and best description of the clinical phenotype

came from Jusic, Dogan and Stojanovic (1972) who de-

scribed the disease occurring in 12 members of the same

family. Their propositus held her hands “in a more or less

flexed position with fingers moving in accordance with

more tonic or jerky painful contractions of the intrinsic

hand or forearm muscles. Tonic thumb opposition was

especially frequent and painful.” In her legs, visible con-

tractions were seen in the gastrocnemius and anterior tibial

compartment. Her feet were flexed in the equinovarus

position or moved repetitively in the opposite direction

with irregular jerky or tonic movements. Her cramps were

exaggerated by repeated voluntary contractions and re-

lieved by pressing and twisting the hands and feet.

The prevalence is unknown. After the Jusic et al. de-

scription, Lazaro, Rollinson and Fenichel (1981) published

a description of a very similar clinical entity occurring in 16

members of another family. To date, these are the only two

affected families reported in the English medical literature.

Both families were of Yugoslavian origin.

The pathophysiology of this disease is unknown.Muscle

biopsies were essentially normal (Lazaro, Rollinson and

Fenichel, 1981; Jusic, Dogan and Stojanovic, 1972). The

forearm ischemic exercise test produced a normal genera-

tion of lactate and ammonia, without elevation of creatine

kinase levels and no cramping. Urine was negative for

hemoglobin and myoglobin during and immediately after

the ischemic exercise test (Lazaro, Rollinson and Fenichel,

1981).

Electrophysiologic data differed significantly between

the two reported families. Jusic, Dogan and Stojanovic

(1972) found no evidence for an underlying neuropathy or

neuronopathy. They found no myotonic response on inser-

tion. Motor unit potentials were normal. Continual waxing

andwaning electrical discharges corresponding to clinically

visible cramps were present. Motor and afferent nerve

conduction velocities were normal. Repetitive nerve stimu-

lation demonstrated no effect on the amplitude of evoked

muscle potentials. With spinal anesthesia or nerve block,

themuscle contractions continued, but becamepainless. The

muscle cramps were only stopped by local infiltration of

anesthetic into the muscle.

The lack of neurogenic EMG findings by Jusic, Dogan

and Stojanovic (1972) should be contrasted with the EMG

findings by Lazaro, Rollinson and Fenichel (1981). They

found borderline slow nerve conduction velocities, pro-

longed motor distal latencies, prolonged F wave latencies,

occasional large amplitude prolonged polyphasic motor

unit potentials and occasional fasciculations. These find-

ings would localize the disorder to the motor neuron.

Despite the differences in the electrophysiologic data be-

tween the two families, Lazaro et al. felt their family did

indeed suffer from the same disease because the clinical

presentations were so strikingly similar. The discrepancies

between the electrophysiologic data of the two groups have

not yet been reconciled.

The only available treatment data comes from Jusic,

Dogan and Stojanovic (1972), who reported the results of

drug studies in their propositus. Carbamazepine at 200mg

three times daily and diazepam at 5mg three times daily

had no effect on symptoms. Meprobamate 400mg three

times daily improved the nocturnal cramps, but only

transiently. Ten days later, the cramps returned at a lesser

degree than before administration of the drug and increased

dosage provided no further effect. Corticotropin (ACTH)

100 i.u. daily for two weeks did not influence the symp-

toms. Hydrochlorthiazide, prescribed in addition to the

ACTH at a dose of 25mg twice daily, made the symptoms

worse. Neostigmine 1.5mg IM and biperidol 5mg IM three

times daily had no effect. Potassium chloride 2mg daily

resulted in two days with substantial reduction and finally

total disappearance of cramps. After 10 days, the therapy

was discontinued, but the condition continued to be con-

trolled until three months later when the cramps reap-

peared. Resumption of the potassium had no substantial

influence on the symptoms (Jusic, Dogan and Stojanovic,

1972).

NEUROMYOTONIA

Neuromyotonia, or Isaacs’ syndrome, is a rare condition of

generalized peripheral nerve hyperexcitability. It manifests

as spontaneous, continuous, muscle activity of peripheral

nerve origin. Although it has been described in infants

(Black et al., 1972) it more commonly occurs in adults.

Clinically, it is characterized by the gradual onset of

muscle stiffness at rest, with continuous twitching (fasci-

culations) or quivering (myokymia) of muscles, and

cramps following voluntary contractions due to delay in

muscle relaxation (pseudomyotonia) (Isaacs, 1961). The

distribution of muscle involvement is usually distal; how-

ever, it can also involve the proximal extremities, trunk and

facial muscles. Involvement can be focal, as one case report

described a patient with finger flexion resembling focal

hand dystonia (Jamora, Umapathi and Tan, 2006). There

may be associated hyperhidrosis and reddening of the skin.

Pain is rare, but muscle aching is common. Persistent

contraction often occurs after exercise; and, a rippling of

continuously contracting muscles can be seen (Gutmann,

2002).

The electrophysiologic characteristics of peripheral

nerve hyperexcitability, first described by Denny-Brown

in 1948, are characterized by spontaneous high-frequency

(neuromyotonic) motor unit discharges and myokymic

discharges (doublet or multiplet motor unit discharges)

(Denny-Brown and Folley, 1948). It wasn’t until 1961 that

Isaacs made the first full description of “continuous

muscle-fiber activity” and established the peripheral nerve
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origin of the spontaneously occurring discharges (Isaacs,

1961). He demonstrated that: (i) there was persistence of

abnormal EMG activity after proximal nerve brachial

block; (ii) there was no change in spontaneous muscle

activity during general anesthesia with thiopentone;

(iii) the depolarizing muscle relaxant succinylcholine and

neuromuscular blocking agent curare produced electrical

silence after a few minutes (Maddison, 2006).

Neuromyotonia can be sporadic (Gardner-Medwin and

Walton, 1969; Isaacs, 1961) or inherited (Ashizawa et al.,

1983; Falace et al., 2007). Many of these sporadic cases

appear to have an autoimmune or paraneoplastic etiology.

It has also been found in association with myasthenia

gravis (Martinelli et al., 1996), thymoma (Garcia-Merino

et al., 1991), Addison’s disease (Vilchez et al., 1980),

vitiligo (Vilchez et al., 1980), Hashimoto’s thyroiditis,

vitamin B12 deficiency (Vasilescu, Alexianu and Dan,

1984), celiac disease (Hadjivassiliou et al., 1997), rheu-

matoid arthritis (Le Gars et al., 1997), systemic sclerosis

(Benito-Leon et al., 1999) and following bone marrow

transplantation (Liguori et al., 2000). Neuromyotonia has

also been reported in patients with small-cell lung cancer

(Partanen et al., 1980), suggesting a possible paraneo-

plastic cause. A number of hematological malignancies

have also been found in association with neuromyotonia

(Caress et al., 1997; Gutmann, Gutmann and Schochet,

1996; Zifko et al., 1994), and these tend to be tumors

known for their propensity to develop paraneoplastic

disorders (Maddison, 2006). Neuromyotonic discharges

have also been reported in association with inherited

(Hahn et al., 1991; Vasilescu, Alexianu and Dan, 1984),

inflammatory (Valenstein, Watson and Parker, 1978;

Vasilescu,Alexianu andDan, 1984), ormetabolic (Vasilescu

and Florescu, 1982; Wallis, Van Poznak and Plum, 1970)

peripheral neuropathies.

There is considerable evidence that an abnormality of

axonal voltage-gated potassium channels (VGKCs) is the

basis of the abnormal discharges occurring in most of the

neuromyotonic syndromes. Antibodies to VGKCs have

been described in cases of generalized neuromyotonia

(Shillito et al., 1995; Vernino et al., 1999; Vincent,

2000). Up to 50% of patients with acquired neuromyotonia

have antibodies to VGKCs (Barber, Anderson and Vincent,

2000; Lee et al., 1998).

The symptoms of peripheral nerve excitability often

respond well to anti-convulsants such as phenytoin, carba-

mazepine, sodium valproate, lamotrigine, gabapentin, and

acetazolamide (Celebisoy et al., 1998; Dhand, 2006;

Auger, 1994; Jamieson and Katirji, 1994; Isaacs, 1961;

Mertens and Zschocke, 1965; Vasilescu, Alexianu and

Dan, 1987), many of which work by altering channel

properties in peripheral nerves and reducing spontaneous

discharges. When the disorder is autoimmune, plasmaphe-

resis may be effective (Hayat et al., 2000; Nakatsuji et al.,

2000), as well as IVIg (Alessi et al., 2000). The role of

prednisone and other immunosuppressive agents has not

been fully evaluated. The associationwith thymoma, small-

cell lung cancer and lymphoma (Caress et al., 1997; Hart

et al., 2002) should prompt the search for an underlying

malignancy when neuromyotonia is diagnosed, along with

the appropriate treatment plan.

In Isaacs’ original patients, as well as others, response

to medication and alleviation in symptoms was reported

(Isaacs, 1961; Welch, Appenzeller and Bicknell, 1972).

Resolution or reduction of electrophysiologic abnormali-

ties has also been documented (Gutmann, 2002). A

14-year follow-up of Isaacs’ original patients showed

continued response to phenytoin, with eventual remission

(Isaacs and Heffron, 1974). However, the long period of

follow-up of Isaacs’ patients has not been duplicated in the

literature.

JUMPY STUMPS

As early as 1872, S. Weir Mitchell described causalgia

after gunshot wounds injuring peripheral nerves and, in

addition, reported tremor, jerks and spasms of the remain-

ing stump following amputation (Hallett, 2007). However,

Colles and Hancock (Hancock, 1852) are actually credited

with the first descriptions of “convulsive movements of

stumps;” and later in the early twentieth century, spasms

of stumps was the subject of a thesis entitled “Les con-

vulsions des moignons” (Amyot, 1929). The “jumpy

stump” has been further described by others more recently

(Kulisevsky, Marti-Fabregas and Grau, 1992; Marion,

Gledhill and Thompson, 1989; Steiner, Dejesus and

Mancall, 1974).

These movements are varied in nature, consisting of

jerking, tremulousness or spasms of the stump, and they are

often associated with severe stump pain (Steiner, Dejesus

and Mancall, 1974). It has been reported that only 1% of

post-amputation patients will experience these spontane-

ous, involuntary, autonomous movements of the stump

(Carlen et al., 1978; Iacono et al., 1987). In the majority

of cases with limb amputation, the motor disability relates

directly to the loss of the limb, and the associated difficulty

with acquiring voluntary control over the stump (Marion,

Gledhill and Thompson, 1989). Jerking of the stump, when

it occurs, is often preceded by severe pain, and upper or

lower limb stumps could be affected. The stump jerks are

usually induced by voluntary movement, but can also be

triggered by cutaneous stimuli (Zadikoff, Mailis-Gagnon

and Lang, 2006).

Jerking of the amputation stump with associated neural-

gic pain can sometimes occur in the immediate post-

operative period and settle over weeks to months, but may
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also develop gradually after a variable latent period and

persist indefinitely (Zadikoff, Mailis-Gagnon and Lang,

2006). The movement phenomenon has been referred to as

“jactitation” (Henderson and Smyth, 1948; Russell, 1970).

In one case, a patient was described to experience

symptoms for up to 40 years (Marion, Gledhill and

Thompson, 1989). Phantom limb pain alone is a common

sequela of amputation, occurring in up to 80% of people

who undergo the procedure (Flor, 2002). In contrast,

spasm of amputation stumps appears to be a rare phenom-

enon, judging by the sparse literature in standard neurolo-

gy and orthopedics texts. This may be due to the

improvement in surgical technique with less tissue damage

during amputation, suggesting that traumatic amputation

and extensive soft tissue injury may contribute to the

development of these spasms (Marion, Gledhill and

Thompson, 1989).

The pathophysiology of jumpy stumps is unknown.

Some consider involuntary stump movements to be a form

of segmental myoclonus, caused by afferent impulses

arising from severed nerves (Steiner, Dejesus andMancall,

1974). Marion and colleagues proposed an alteration in the

processing of afferent sensory input as a contributing factor.

This may occur as a result of functional changes in the

spinal cord (or cortical) circuitry, leading to structural

reorganization of local neuronal circuitry by axonal

sprouting following nerve injury (Marion, Gledhill and

Thompson, 1989). Another hypothesis suggests that

following nerve injury, there is a loss of tonic inhibition,

hence promoting autonomous, self-sustaining neural

activity (Lang, Sittl and Erbguth, 1997). Most recently,

some have suggested that spasms of the stump represent

another variant within the spectrum of movement disorders

associated with peripheral nerve injury (Jankovic, 2001).

There are no large-scale studies addressing themanage-

ment of post-amputation stump movements, and treat-

ment, if necessary, is difficult and often unsuccessful,

although some isolated case reports have been promising.

Iacono and colleagues reported that Baclofen at 20--40

mg per day successfully treated two post-amputation

patients who developed continuous complex involuntary

movements of the proximal extremity (Iacono et al.,

1987); similar results have been reported by others

(Carlen et al., 1978). Another case report found that

doxepin provided dramatic relief in both post-amputation

pain and involuntary autonomous movements in a

40-year-old man (Iacono et al., 1987). Most recently, it

has been reported that gabapentin at 300mg three times

daily provided dramatic relief of both phantom limb pain

and stumpmovements in a patient, with complete resolution

in 24 hours (Mera et al., 2004). Injections of botulinum

neurotoxin might be used in this circumstance, although

there are no reports of this.

BELLY DANCER’S DYSKINESIA

The term “belly dancer’s dyskinesia (BDD),” (also known

as the moving umbilicus syndrome), was first used in 1990

in an article describing five patients with focal dyskinesias

affecting the abdominal wall (Iliceto et al., 1990). The

clinical characteristics of this syndrome include writhing

movements and contractions of the abdominal muscles

(Caviness et al., 1994; Iliceto et al., 1990). The onset is

usually gradual, and the movements cannot be voluntarily

suppressed (Linazasoro et al., 2005). In the original report,

electrophysiologic studies revealed bilaterally synchro-

nous 800--1000ms bursts in the upper and lower abdominal

recti that alternated with bursts in the external oblique

muscles with a frequency of 30--40 per minute (Iliceto

et al., 1990). This pattern of activation accounted for the

circular movement of the umbilicus. The clinical course is

long-lasting or permanent.

There are other focal dyskinesias that may resemble

BDD. The physiology might be similar to that of spinal

myoclonus (Jankovic and Pardo, 1986). Inghilleri and

colleagues reported a case of spinal myoclonus resembling

BDD in an 85 year-old woman with a T10 disk herniation

(Inghilleri et al., 2006). Another case reported spinal

myoclonus resemblingBDD involving abdominal, thoracic

and lumbar paraspinal muscles, and the involuntary move-

ments became stimulus-sensitive in the later phase of the

clinical course (Kono et al., 1994). The EMG discharges

lasted 50--200ms, and the interval of the successive dis-

charges was at least 500ms. Diaphragmatic flutter is a

different, also rare, movement disorder that is associated

with dyspnea, thoracic or abdominal wall pain, and epigas-

tric pulsations resulting from involuntary contractions of

the diaphragmwith a frequency of 0.5--8.0Hz (Vantrappen,
Decramer and Harlet, 1992).

The cause of BDD is unknown. Investigations, such as

spinal and abdominal imaging often fail to reveal any

abnormality that could explain the movement disorder

(Linazasoro et al., 2005). One report describes a woman

who developed abdominal movements following childbirth,

which fluctuatedwith hermenstrual cycle (Linazasoro et al.,

2005). A prior history of local trauma or surgical procedures

of the abdomen may be present in up to half the cases

(Linazasoro et al., 2005). One hypothesis is that peripheral

trauma may alter the afferent signals from the periphery to

the spinal cord and more rostral structures. This may lead to

alterations in the central processing of sensory information

and result in an abdominal motor output (Marsden et al.,

1984; Nathan, 1978; Schott, 1985). Other reports have

suggested that dopamine receptor blockers caused the

involuntary muscle movements, including clebopride

(Linazasoro et al., 2005) haloperidol and sulpiride (Shan,

Liao and Fuh, 1998). A recent case report described a
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woman with central pontine myelinolysis who presen-

ted with BDD five months after severe hyponatremia

(Roggendorf et al., 2007).

There are no large-scale studies addressing the manage-

ment of BDD, in part because of its rarity, and, as no

definitive effective treatment exists, the prognosis is gen-

erally not favorable. However, one case report presented a

woman with BDD who had a dramatic response to trans-

cutaneous electrical nerve stimulation (TENS) (Linazasoro

et al., 2005). Specifically, the effect of TENS (at a rate of

80--100Hz) was immediate and dramatic, with a subjective

improvement ofmore than 90% in the number and intensity

of the episodes. In another case, benzhexol provided some

relief in the involuntary pelvic and abdominal movements

in a woman (Caviness et al., 1994). And, in two patients

who developed involuntary abdominal movements after

chronic use of haloperidol and sulpiride, therewas dramatic

improvement with reserpine (Shan, Liao and Fuh, 1998).

Injections of botulinum neurotoxin might be used in this

circumstance, although there are no reports of this.

PAINFUL LEGS AND MOVING TOES

In 1971, Spillane et al. first described this “syndrome of

pain in the feet or lower limbswith spontaneousmovements

of the toes” (Spillane et al., 1971). With the description of

additional cases it has been found that the age of onset is

usually middle or late life (Hallett, 2007). The syndrome

consists of pain in the affected limb associated with spon-

taneous, involuntary, slow, wriggling movements of the

toes (Mark, 2004). The movements may be unilateral or

bilateral, intermittent or continuous, occasionally stopping

completely for minutes (Barrett, Singh and Fahn, 1981;

Nathan, 1978; Schoenen, Gonce and Delwaide, 1984;

Schott, 1981; Spillane et al., 1971; Wulff, 1982). Specifi-

cally, the toe movements consist of complex sequences of

flexion, extension, abduction and adduction, in various

combinations, at frequencies of 1--2Hz (Dressler et al.,

1994). In a case series of 20 new patients diagnosed with

this syndrome, electromyographic recordings performed in

nine of them revealed the movements to be produced by

long-duration (500ms to 2 s) bursts of activity comprised of

normal motor units and normal recruitment patterns; none

exhibited EMG findings characteristic of neuromyotonia

(Dressler et al., 1994). In rare cases, the upper limbsmay be

involved instead of, or in addition to, the lower limbs, and in

this situation the disorder is referred to as “painful arms and

moving fingers” (Ebersbach et al., 1998; Funakawa, Mano

andTakayanagi, 1987;Verhagen, Horstink andNotermans,

1985).

The disability of the disorder is largely related to pain

rather than the involuntary movements. The pain is diffuse,

intractable, aching and deep (Yoon, Crabtree and Botek,

2001), and is usually the first symptom, preceding the onset

of movement by days to years (Dressler et al., 1994). The

distributionof thepainis typicallynon-dermatomal(Dressler

etal., 1994). Inmanypatients, thepainandmovement appear

to be closely linked, with an increase in the severity of the

movement associated by exacerbations of pain (Dressler

et al., 1994). However, on rare occasions, identical move-

ments are seenwithout pain, referred to as “painless legs and

moving toes”.

Many more reports have been published since the origi-

nal literature by Spillane, but no single etiology or specific

pathophysiological mechanism has been found. The syn-

drome has been reported to occur after spinal cord or cauda

equina trauma, lumbar radiculopathy, peripheral neuropa-

thy (including HIV-related axonal neuropathy), traumatic

lesions of the soft tissue and bone in the foot, during

treatment with neuroleptics or without any antecedents

(Barrett, Singh and Fahn, 1981; Dressler et al., 1994;

Montagna et al., 1983; Nathan, 1978; Pitagoras de Mattos,

Oliveira and Andre, 1999; Ansevin and Agamanolis, 1996;

Sandyk, 1990; Schott, 1981; Spillane et al., 1971; Wulff,

1982; Yoon, Crabtree and Botek, 2001). Nathan has sug-

gested that the posterior nerve root or dorsal root ganglion

could be implicated in the generation of frequent and

spontaneous impulses contributing to painful legs and

moving toes (Nathan, 1978). These inputs from posterior

root fibers would then excite local spinal interneurons

and lead to simultaneous abnormal movements and pain

(Pitagoras de Mattos, Oliveira and Andre, 1999). Afferent

stimulation would trigger this phenomenon in lesions of the

peripheral nerves, root nerve fibers or even limb soft tissue

and bone. Other authors (Dressler et al., 1994; Ansevin and

Agamanolis, 1996; Schott, 1981; Verhagen, Horstink and

Notermans, 1985) implicate the involvement of other

structures above the spinal segmental level in the genesis

of painful legs and moving toes. The pain and toe move-

ments often subside briefly after a lumbar sympathetic

blockade (Dressler et al., 1994; Guieu et al., 1990; Spillane

et al., 1971), but can return within a few days despite the

absence of sympathetic function (Nathan, 1978), implying

that abnormal sympathetic function may be incidental

rather than causal (Drummond and Finch, 2004). It has

been suggested that the complex nature of the toe move-

ments cannot be adequately explained by a spinal cord

mechanisms and suggests some participation of cerebral

neurons in its genesis (Dressler et al., 1994; Verhagen,

Horstink and Notermans, 1985). This model suggests that

the abnormal sensory inputs from the periphery to the

spinal cord could lead to a reorganization of subsequent

processing and generate pain and involuntary movements

(Pitagoras de Mattos, Oliveira and Andre, 1999).

Treatment of this syndrome is difficult. Drugs such as

carbamazepine (Dressler et al., 1994; Schott, 1981), tricy-

clic anti-depressants (Dressler et al., 1994; Mosek et al.,

1996; Schott, 1981), diazepam (Dressler et al., 1994;
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Funakawa, Mano and Takayanagi, 1987; Schott, 1981),

baclofen (Dressler et al., 1994; Funakawa, Mano and

Takayanagi, 1987; Schott, 1981), beta-blockers (Funakawa,

Mano andTakayanagi, 1987), corticosteroids (Schott, 1981)

and analgesics (Schott, 1981) have been tried in different

combinations with variable results. There is one report that

adenosine may be useful (Guieu et al., 1994). One patient

responded to gabapentin 600mg three times daily (Villarejo

et al., 2004). Dual combination of TENS and vibratory

stimulation provided significant relief of pain in one patient

(Guieu et al., 1990). Lumbar sympathetic blockade with

guanethidine or aqueous phenol resulted only transient

remission of the symptoms in a few cases (Dressler et al.,

1994; Nathan, 1978; Schott, 1981; Spillane et al., 1971).

Reports have demonstrated that even sympathectomy may

only lead to transient remission (Dressler et al., 1994;

Spillane et al., 1971). Epidural blockmay be helpful (Okuda

et al., 1998), as well as epidural spinal cord stimulation

(Takahashi et al., 2002). Injections of botulinum neurotoxin

have not been useful.

PERIPHERAL DYSTONIA, REFLEX
SYMPATHETIC DYSTROPHY (RSD)
DYSTONIA, CAUSALGIA DYSTONIA,
CRPS DYSTONIA

The terms peripheral dystonia, RSD dystonia, causalgia

dystonia and CRPS dystonia have been used interchange-

ably and for what appears to be one and the same syndrome.

The clinical definition and scientific understanding of this

condition is still evolving and controversial. The Interna-

tional Association for the Study of Pain (IASP) (1979)

defines causalgia as “a syndrome of sustained burning pain

after a traumatic nerve injury combinedwith vasomotor and

pseudomotor dysfunction and later trophic changes”.

“Reflex sympathetic dystrophy” (RSD) and “causalgia”

are classified by the IASP as Complex Regional Pain

Syndromes (CRPS) I and II respectively (Walker and

Cousins, 1997). Implicit in the definition of reflex sympa-

thetic dystrophy is the notion that there is dysfunction of the

sympathetic nervous system (Bonica, 1979). This is based

on reports that in some cases sympathetic block may

provide temporary relief. Bonica had advanced nerve

blocks to a standard therapy in these patients (Bonica,

1990). But the link between nociceptive neurons and

postganglionic sympathetic activity is tenuous, with sym-

pathetic blocks sometimes altering the syndrome at least

temporarily and sometimes not. Surgical sympathetomy

hardly ever provides relief (Eccles, Kosak andWesterman,

1962).

There is confusion with regard to what is meant by RSD

(Wilson, 1992; Janig, 1990) and it has lost usefulness as a

clinical designation due to its indiscriminate use. Hence

IASP (1994) revised the criteria under the umbrella term

Complex Regional Pain Syndrome (CPRS) (Stanton-Hicks

et al., 1995).

CRPS Type I (RSD) criteria:

1. Type I is a syndrome that develops after an initiating

noxious event.

2. Spontaneous pain or allodynia/hyperalgesia occurs, is

not limited to the territory of a single peripheral nerve,

and is disproportionate to the inciting event.

3. There is or has been evidence of edema, skin blood-

flow abnormality, or abnormal sudomotor activity in

the region of the pain since the inciting event.

4. This diagnosis is excluded by the existence of condi-

tions that would otherwise account for the degree of

pain and dysfunction.

CRPS Type II (causalgia) criteria:

1. Type II is a syndrome that develops after a nerve injury.

2. Spontaneous pain or allodynia/hyperalgesia occurs and

is not necessarily limited to the territory of the injured

nerve.

3. There is or has been evidence of edema, skin blood

flow abnormality, or abnormal sudomotor activity in

the region of the pain since the inciting event.

4. This diagnosis is excluded by the existence of condi-

tions that would otherwise account for the degree of

pain and dysfunction.

The clinical features of the two types of CRPS are

identical. The distinguishing feature is the presence of a

peripheral nerve injury in patients with type II (Rho et al.,

2002).

Various movement disorders that accompany CRPS I

and II have been described which include, but are not

limited to tremor, dystonia and spasm (Bhatia, Bhatt and

Marsden, 1993; Jankovic and Van der Linden, 1988;

Koller, Wong and Lang, 1989; Marsden et al., 1984;

Schwartzman and Kerrigan, 1990). Clinical features of

dystonia accompanying the above condition are based on

a few well-described, but heterogeneous cases. There is

some question as to whether the spasms seen in these cases

represent actual dystonia, but because of the similarities,

that term is utilized.

When occurring with causalgia/RSD, dystonia usually

begins in the upper or lower limbs in adulthood. The upper

limb is affected distally and typically produces flexion of

the fingers and wrist, but there may be relative sparing of

the thumb and index finger. The hand may be swollen with

mottling of the skin, especially in those cases associated

with RSD (Figure 17.3). In the lower limbs, fixed inversion

and plantar flexion of the foot commonly occurs, some-

times with clawing of the toes. There have also been cases
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of post-traumatic torticollis which is the result of a minor

neck injury such aswhiplash. In these cases patients have an

abrupt onset painful laterocollis with shoulder elevation

(Figure 17.4). Other features are decreased range ofmotion,

hypertrophy of lateral muscles, absence of spasmodic

movements and unresponsiveness to botulinum toxin in-

jections (Goldman and Ahlskog, 1993; Tarsy, 1998;

Truong et al., 1991). Tarsy demonstrated that this syndrome

often occurs within weeks of the injury. The dystonia in the

neck and limbs is usually characterized by abrupt-onset,

rapidly progressive to peak, early fixed posture present at

rest often with underlying contracture, limitation of passive

range of movement and absence of sensory tricks (geste

antagonistique), particularly in post-traumatic torticollis.

However, the fixed posture is not a consistent finding and

the dystonia may occasionally be clinically indistinguish-

able from primary torsion dystonia. The dystonia may

spread proximally, become multi-focal or more generalized

(Betzetal.,2001;Bhatia,BhattandMarsden,1993;Jankovic,

1994; Krauss and Jankovic, 2002; Schott, 2007). Pain and

tenderness is a key factor.

It has also been noted that these patients tend to be

younger than adult-onset dystonia patients. The onset of

dystonia is most often abrupt, but may be gradual, may

precede the pain andmay be present in amirror distribution

on the contralateral side of the body (Schwartzman and

Kerrigan, 1990).

Diagnostic criteria have been suggested for peripherally

induced movement disorder/post-traumatic peripheral

dystonia: (Jankovic, 1994)

Figure 17.3 Peripheral dystonia of the left hand. Note the flexion of the last finger, hand swelling and mottling of the skin.

Figure 17.4 Post-traumatic torticollis viewed from behind demonstrating neck lateroflexion and elevation of the shoulder.
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1. Injury must be severe enough to cause local symptoms

persistent for at least two weeks or requiring medical

evaluation within two weeks after the peripheral

injury.

2. The onset of the movement disorder must have oc-

curred within a few days or months (up to one year)

after the injury.

3. The onset of the movement disorder must have

been anatomically related to the site of the injury.

But these criteria are arbitrary, not specific or based on

known pathophysiology (Weiner, 2001). The onset latency

in cases varied from five weeks to five years in reported

cases (van Rijn et al., 2007) although Tarsy suggested that

only those with onset within a month were post-traumatic,

while those with onset later had typical idiopathic dystonia

(Tarsy, 1998). Occasionally causalgia may tend to get

better while the dystonia gets worse. All of these findings

indicate that likely separate mechanisms underlie the pain

and dystonia in this condition and these mechanisms need

not be purely peripheral or central, rather may be a combi-

nation of the two.

Up until 1984, when the paper describing causalgia

dystonia by Marsden et al. (1984) was published, very few

reports had mentioned this condition. At this point it is

difficult to estimate the true prevalence of this condition, as

case reports are heterogeneous and authors tend to lump

together a variety ofmovement disorders that are associated

with peripheral injury. In addition, the criteria used to

define causalgia/RSD itself is variable.

van Rijn et al. (2007) retrospectively analyzed 185

patients who met IASP criteria for CRPS I (RSD) in one

or more extremities. Patients were predominantly female

160 (86.5%), and 121 (65.4%) had a movement disorder.

Of the patients with a movement disorder, 110 (90.9%)

had dystonia. The dystonia of this disorder was predomi-

nantly characterized by tonic flexion postures. In the

majority of patients, dystonia was limited to the distal

extremity and mostly involved flexion of digits and wrist

in the upper extremity, and inversion and flexion postures

of the feet in the lower. In a minority of patients, dystonia

extended proximally to either elbows or shoulders, and

knees or hips. The time interval between the onset of

CRPS and dystonia varied, with 56% developing the

dystonia more than a month after the onset of CRPS, for

27% the dystonia appeared more than a year later and three

patients developed it after a five-year interval (van Rijn

et al., 2007).

Briklein et al. have described neurological findings in

145 patients with CRPS of which 122 (84.1%) had CRPS I,

and 23 (15.9%) hadCRPS II. They reported that 44 (30.3%)

patients had dystonia/myoclonic jerks. The dystonia and

myoclonic jerks were lumped together with no clear

distinction. Of these 48% had CRPS II and 27% CRPS I

(Birklein et al., 2000).

Jankovic (Jankovic and Van der Linden, 1988) studied

23 patients, 18 of which had focal dystonia after peripheral

nerve injury and half had RSD with a movement disorder

that was similar to idiopathic dystonia. One difference was

that their dystonia persisted at rest and was not action

induced.

Schwartzman and Kerrigan (1990) studied 200 patients

with causalgia and RSD and collected 43 patients with

various forms of movement disorders, which included

dystonia, spasms and tremors. No further description of

the dystonia was provided. Bhatia, Bhatt and Marsden

(1993) studied 18 patients with fixed focal dystonia at the

original site of causalgia. In 15 of these patients injury was

the precipitating event. In eight patients the dystonia

remained focal, and in the remaining 10 patients it spread.

The pathophysiology of causalgia and RSD is not well

understood and has been subject to much speculation.

Their relevance to the pathophysiology of dystonia and

other movement disorders that accompany these condi-

tions is unclear. What these conditions seem to have in

common is that both can be triggered peripherally and

result in a phenomenon mediated by the central nervous

system.

The prevailing discussions encompass a broad range of

issues, from peripheral vs. central mechanisms, to organic

vs. psychogenic origin of the movement disorder.

Primary sympathetic dysfunction seems to be an unlike-

ly explanation for the development of dystonia. A majority

of cases of causalgia dystonia/RSD dystonia have a pre-

ceding event, which is usually a minor trauma. Whether

this is causative is controversial. Proponents of this theory

draw support from experimental models that reveal that

peripheral injury including pain can lead to plastic changes

in the cortex representing the body part affected which, in

turn, lead to dystonia. It is also stated that central reorga-

nization may explain why peripherally induced movement

disorders have a tendency to spread beyond the original site

of injury. It has been shown that de-afferentation of the

spinal cord in cats and humans results in neuronal and

reflex hyperexcitability that spreads beyond the involved

segment and a similarmechanismmay be involved in spread

ofperipheral dystonia (Eccles,KosakandWesterman,1962;

Loeser, Ward and White, 1968). However, the relevance of

this data has been questioned (Weiner, 2001).

A particular recurring issue is that soft tissue trauma is a

frequent occurrence, whereas causalgia/RSD dystonia is a

rare entity (Weiner, 2001). To explain this fact the popular

hypothesis is that individuals who develop the condition

have an underlying susceptibility to develop the dystonia

after trauma. Suggested predisposing factors include family

history of dystonia, family history of essential tremoror tics,
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consanguinity, previous exposure to dopamine-receptor

blocking agents, pre-existing movement disorders (essential

tremor, focal dystonia elsewhere), delayed developmental

milestones and previous surgery at the site of onset of dystonia

(Jankovic and van der Linden, 1988; Schott, 1985). None of

thesepredisposing factorshavebeenvalidated (Weiner, 2001).

Bressman et al. (1998) have investigated the role of DYT1

in secondary dystonia including those related to trauma and

failed to find an association. van Hilten et al. (2000) have

reported increased prevalence of tissue type HLA-DR13 in

patients with causalgia dystonia, an observation that needs to

be confirmed.

Some reports have suggested that causalgia/RSD dys-

tonia is a functional neurological disorder or the conse-

quence of a psychological disorder (Ecker, 1990; Lang

and Fahn, 1990). The clinical features that support this

being a psychogenic dystonia is the abrupt onset, fixed

posture, onset of limb dystonia, particularly foot, in an

adult, non-physiological sensory findings in these cases

and the frequent association with litigation (Factor,

Podskalny and Molho, 1995; Lang, 1995). This is seen

with limb as well as cervical forms of peripheral dystonia.

Schwartzmann and Kerrigan’s report has been re-

interpreted as psychogenic dystonia by some authors

(Cagliani et al., 2003; Lang and Fahn, 1990; Schrag

et al., 2004). Many of the patients with post-traumatic

RSD dystonia have pending law suits that make it

difficult to ascertain whether the dystonia is precipitated

by secondary gain. Furthermore, cases of video-proven

malingering support the notion that these cases are psycho-

genic (Kurlan, Brin and Fahn, 1997; Schrag et al., 2004;

Verdugo and Ochoa, 2000).

Schrag et al. (2004) studied 103 patients with fixed

dystonia, 62 retrospectively and 41 prospectively. Periph-

eral injury preceded dystonia in 63% of cases and spread to

other body parts occurred in 56%. Most of the cases were

limbs with a minority affecting the neck and shoulder. Pain

was present in most patients and the major issue in 41%. Of

those followed prospectively, nearly 40% met criteria for

established psychogenic movement disorder, and 30% met

criteria for a diagnosis of somatization disorder. In the rest

no definitive features of psychogenic disorder was seen.

Fifteen of the 18 patients with CRPS in the prospectively

studied group had probable or definite psychogenic disor-

der. Affective and dissociative disorders were much more

common in the fixed dystonia cases compared to typical

idiopathic dystonia (Schrag et al., 2004).

Sa et al. (Cagliani et al., 2003) examined 16 patients with

post-traumatic torticollis due to work-related injuries or

motor vehicle accidents. They all had the typical fixed

painful posture. All 16 had litigation pending. Sodium

amytal improved 13 of 13 cases, and general anesthesia

in five patients allowed for normal range of motion. These

authors demonstrated significant psychological factors in

this group of patients.

The treatment of co-existing CRPS and dystonia remains

extremely unsatisfactory. There have been no controlled

trials. Bhatia et al. tried several different therapies on their

18 patients. Despite the use of splints and casts the dystonia

returned once the use of these devices was discontinued.

Athrodesis of joints splints or tendon transfers were not

helpful. Eight patients were given sympathetic blocks, had

sympathectomies and guanethidine infusions, which on

occasion provided temporary relief, but no long-term ben-

efit was noted. Epidural anesthesia was tried in three

patients with no benefit. Various medications including

benzhexol, baclofen, levodopa, carabamazepine, diaze-

pam, cloanazepam and amitryptline provided no sustained

benefit (Bhatia, Bhatt and Marsden, 1993). Two patients

had spontaneous recovery after four and nine years of

illness (Bhatia, Bhatt and Marsden, 1993).

Verdugo and Ochoa (2000) studied 686 patients with

CRPS I and II, 58 of these patients had abnormal move-

ments. In three patients with sustained dystonic posture of

the affected extremity, the movement disorders completely

reversed after placebo injection.

van Hilten et al. (2000) conducted a double-blind, ran-

domized crossover trial comparing intrathecal baclofen, a

GABA-receptor agonist (type B), with placebo for the

treatment of multi-focal or generalized dystonia in patients

with reflex sympathetic dystrophy. In six out of seven

patients, bolus injectionsof50and75mgofbaclofen resulted
in complete or partial resolution of dystonia of the hands, but

little improvement was noted in dystonia of the legs. The

patients whose hands were affected regained normal func-

tion with prolonged therapy. Pain and violent spasms were

also relieved in some patients. The results of this study

strongly support the role of GABAergic inhibitory neurons

in the pathophysiology of reflex sympathetic dystrophy.

Baclofenwas tried in two patients with generalized dystonia

at a dose of 90--120mg and was noted to be effective by

Schwartzman and colleagues (Schwartzman and Kerrigan,

1990). These patients did continue to have plantar flexion

and inversion of the feet and dystonic posturing of the hands

though they were able to carry out activities of daily living.

Other studies have not reported success with intrathecal

baclofen (Schrag et al., 2004). Sympathectomies have not

been reported to provide sustained relief in these patients

(Schrag et al., 2004; Verdugo and Ochoa, 1994).

Conservative multi-disciplinary approaches, including a

combination of rehabilitation, physical and occupational

therapy incorporated with psychotherapy and, when appro-

priate, psychiatric treatment, have proven successful in

some cases, and are probably particularly effective in those

with psychogenic forms (Bhatia, Bhatt andMarsden, 1993;

Schrag et al., 2004).
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Moersch and Woltman introduced the term “stiff man

syndrome” to describe a condition in which the principal

clinical features were “progressive fluctuating muscular

rigidity and spasm” with marked sensitivity to external

stimuli (Moersch and Woltman, 1956). Since females are

more commonly affected than males, the name of the

condition was subtly changed to “stiff person syndrome”

(SPS) to reflect this (Blum and Jankovic, 1991). The

condition is generally regarded as rare, but with greater

awareness of the clinical features is increasingly recog-

nized, though the prevalence remains unknown.

CLINICAL PRESENTATION

The presenting features of SPS aremuscle stiffness, rigidity

and spasms affecting the trunk, particularly the thoraco-

lumbar region and one or both legs with associated diffi-

culties inwalking. The onset is insidious, usually in the fifth

decade, and symptoms are progressive. The stiffness is

produced by continuous motor unit activity and persistent

muscle contraction despite attempted relaxation. Antago-

nist muscle groups are equally affected further contributing

to the rigidity. The muscle activity and rigidity lessen or

even disappear during sleep and narcosis. Paraspinal mus-

cle contraction produces an exaggerated lumbar lordosis

(Figure 18.1) and trunkal rigidity. Contraction of anterior

abdominal muscles results in “board-like” rigidity of the

abdominal wall. Rigidity of the trunkal and proximal leg

muscles limits the range of voluntary movement of the

trunk and legs. Movements, particularly walking, become

slow and labored with loss of the normal fluid flowing

motion of the leg and trunk with each step. The muscular

rigidity fluctuates from a mild increase in tone to painful

prolonged muscle contractions.

Stimulus-induced or apparently spontaneous spasms

result in sudden and dramatic increases in stiffness

superimposed on the background rigidity. Spasms are one

of the most characteristic features of SPS. Any sudden and

unexpected stimulus, particularly noise and touch, but also

voluntarymovement, fear, anger and other strong emotions

may trigger a spasm. Spasms begin with a short myoclonic

jerk that is often difficult to see because the amplitude of

limb and trunk movement is limited by the background

rigidity, followed by a prolonged contraction with tonic

activity that persists for several seconds before gradually

settling.Reflex spasmsmay spread fromone leg to the other

with motor patterns that resemble either extensor thrusts,

including opisthotonus, or flexor spasms with crossed leg

extension. Surface electromyography (EMG) recordings

are very useful in identifying this pattern of enhanced

exteroceptive reflex response (see below)which is virtually

diagnostic of SPS (Meinck, Ricker and Conrad, 1984).

Prolonged spasms may be accompanied by pain and auto-

nomic disturbances, particularly profuse sweating. Brisk

tendon reflexes may be the only other abnormal neurologi-

cal sign.

VARIATION IN CLINICAL PRESENTATION

Patients may present with brief stimulus-induced spasms or

progressive rigidity and stiffness confined to one leg.

Asymmetry of leg involvement and greater limb than

trunkal rigidity is not uncommon in the earlier stages

(Barker et al., 1998; Saiz et al., 1998; Dalakas et al.,

2000; Meinck and Thompson, 2002). An exaggerated

startle response and myoclonus of brainstem origin is

present in many cases, in addition to the stimulus-induced

spasms and rigidity. This has been referred to as the

“jerking stiff man syndrome” (Leigh et al., 1980; Alberca,

Remero and Chaparro, 1982). Stimulus-induced jerks,

spasms and enhanced startle responses are frequently

associated with sudden incapacitating increases in muscle
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stiffness and prolonged rigidity leading to falls and a loss of

confidence in walking, particularly in open environments

without support, or in crowded busy areas with unpredict-

able ambient noise and traffic. These factorsmay contribute

to a fear of open spaces and phobic avoidance behavior that

is misinterpreted as agoraphobia or considered psychogenic

or hysterical in origin (Henningsen and Meinck, 2003).

PATHOPHYSIOLOGY

Neurophysiology

Neurophysiological studies reveal continuous motor unit

activity in axial and proximal muscles, comprising normal

motor unit potentials. Several lines of evidence indicate this

activity is driven by changes in excitability of spinal

interneurones and their descending control from the brain-

stem, though the precise mechanism remains obscure

(Meinck and Thompson, 2002). One of the hallmarks

of the SPS is the presence of enhanced non-habituating

exteroceptive or cutaneomuscular reflexes (Figure 18.2)

(Meinck, Ricker and Conrad, 1984). These reflexes are

assumed to be responsible for the spasms of SPS that spread

from one limb to another and to the trunk. Enhancement of

the blink reflex (Meinck, Ricker andConrad, 1984;Molloy,

Dalakas and Floeter, 2002) and startle responses

(Figure 18.3) (Meinck, Ricker and Conrad, 1984; Berger

and Meinck, 2003; Khasani, Becker and Meinck, 2004)

indicate increased excitability of the descending control of

polysynaptic brainstem and spinal interneuronal pathways.

Spinal inhibitory reflex responses such as vibration-

induced inhibition are impaired, though pre-synaptic inhi-

bition, recurrent inhibition and reciprocal inhibition are

normal or variable (Floeter et al., 1998). Motor cortex

hyperexcitability has also been demonstrated (Sandbrink

et al., 2000; Koerner et al., 2004). These physiological

changes indicating enhanced neuronal excitability at

different levels of the central nervous system may be a

consequence of impaired inhibitory function of

g-aminobutyric acid (GABA) pathways.

IMMUNOPATHOLOGY

Anti-GAD Antibodies

There is now strong evidence that SPS has an autoim-

mune basis. Oligoclonal bands are found in the cerebro-

spinal fluid in 60%, but a cellular response in

cerebrospinal fluid is rare (Dalakas et al., 2001; Meinck

and Thompson, 2002). Antibodies directed against glu-

tamic acid decarboxylase (antiGADab) are found in

60--80% of cases (Solimena et al., 1990; Walikonis and

Lennon, 1998). Radioimmunoassay is the most specific

and sensitive method for detection (Dinkel et al., 1998;

Murinson et al., 2004). AntiGADab in SPS are similar to

those in type 1 diabetes mellitus, but differ in epitope

recognition, the antibody titer is much higher in SPS and

antibodies are detected in both serum and cerebrospinal

fluid in SPS (Daw et al., 1996; Raju et al., 2005). The

role of GAD autoimmunity in SPS has been the subject of

debate since some other disorders such as cerebellar

ataxia, palatal myoclonus and epilepsy may also have

detectable antiGADab (Honnorat, Saiz and Giometto,

2001). Evidence of intrathecal synthesis of antiGADab

that block GABA synthesis (Raju et al., 2005), inflam-

matory pathological changes in SPS (discussed below)

and the induction of continuous motor unit activity and

enhanced exteroceptive reflexes in rats (mimicking SPS)

following intrathecal injection of IgG from patients

with antiGADab all suggest that the antibodies are path-

ogenic in an immune-mediated encephalomyelitis (Manto

et al., 2007). Antibodies against gephyrin, a post-synaptic

protein important in receptor clustering in inhibitory

GABAergic and glycinergic synapses (Yu et al., 2007),

have also been reported (Butler et al., 2000). Anti-

amphiphysin antibodies have been found in association

with paraneoplastic SPS, particularly breast cancer (Rosin

et al., 1998).

Figure 18.1 Exaggerated lumbar lordosis in SPS. Note the

accentuated contour of the paraspinal musculature and

the transverse skin crease reflecting contraction of the

oblique truncal muscles. (Reproduced from Meinck,

H.M. and Thompson, P.D. (2002), with permission from

John Wiley & Sons Inc).
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ANTIBODY-MEDIATED
ENDOCRINOPATHIES

Pancreatic islet cell (60%), gastric parietal cell (50%) and

thyroid microsomal (40%) antibodies are commonly

detected and autoimmune endocrine disease is present in

about 50% (Meinck and Thompson, 2002). An association

with diabetes mellitus was noted in the original description,

and 30--60% of patients have diabetes mellitus (for refer-

ences see Meinck and Thompson, 2002).

NEUROPATHOLOGY

The published neuropathological studies of SPS were

recently reviewed (Meinck and Thompson 2002). Perivas-

cular lymphocytic cuffing and variable neuronal loss were

Figure 18.2 Rectified surface electromyographic recordings from axial and leg muscles after stimulation of the digital nerve

of the index finger (delivered at the start of the sweep) in a man with the SPS. After stimulation there is an initial burst of

myoclonic activity followed by a prolonged tonic increase in muscle activity. The initial burst in the lumbar paraspinal

muscles occurred approximately 60ms after the stimulus. (Reproduced fromMeinck, H.M. and Thompson, P.D. (2002), with

permission from John Wiley & Sons Inc).

Figure 18.3 Rectified surface electromyographic recordings from axial and leg muscles after auditory stimulation delivered

at the start of the sweep (same patient as in Figure 18.2). Brief myoclonic bursts of activity (beginning in lumbar paraspinal

muscles approximately 50ms after the tone) are followed by prolonged tonic discharge similar to that seen after cutaneous

stimulation. (Reproduced from Meinck, H.M. and Thompson, P.D. (2002), with permission from John Wiley & Sons Inc).
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evident in the brainstem and spinal cord in cases with and

without known antibody status. The significance of these

changes and the relationship to progressive encephalomy-

elitis with rigidity (PER) (Whiteley, Swash and Urich,

1976; Armon et al., 1996; Warren et al., 2002) remains

the subject of debate.

PHARMACOLOGY

As discussed above, a number of physiological studies

point towards impairment of inhibitory function in the

central nervous system. Pharmacological manipulation of

adrenergic and GABA transmission adds weight to the

suggestion that these systems are involved in the physio-

logical mechanisms responsible for rigidity and spasms.

Central a-adrenergic agonists (clonidine, tizanidine) and

GABA agonists (diazepam, baclofen) reduce spasms

and exteroceptive reflex activity (Meinck, Ricker and

Conrad, 1984). The effect of diazepam is particularly

striking and this is discussed further below.

SPS VARIANTS

Progressive Encephalomyelitis with Rigidity (PER)

This condition presents with the sub-acute onset of rigidity

and spasm (that may be violent and myoclonic) associated

with vertigo, ataxia, diplopia, dysarthria or sensory symp-

toms. Signs of brainstem (ophthalmoplegia, nystagmus,

deafness and bulbar palsy) and spinal (muscle wasting

weakness, areflexia, extensor plantar responses) involve-

ment distinguish PER from the SPS (Kasperek and

Zebrowski 1971; Whiteley, Swash and Urich, 1976;

Howell, Lees and Toghill, 1979). Severe rigidity of all

limbs, prominent myoclonus (Campbell and Garland 1956;

Rothwell, Obeso and Marsden, 1986; Brown et al., 1991),

autonomic crises, cerebrospinal fluid lymphocytic pleocy-

tosis, abnormal brainstem and spinal cord imaging

(McCombe et al., 1989) and a rapidly progressive

course are further distinctive features. Spinal inflammation,

interneuronal cell loss and ascending tract degeneration

have lead to the designation spinal “neuronitis” or

“interneuronitis”.

The distinction between SPS and PER is straightfor-

ward where there is rapid progression and the accumula-

tion of bulbar, cerebellar and spinal signs. However, it is

increasingly recognized that some cases of otherwise

typical SPS have bulbar involvement (Dalakas et al.,

2000; personal observation) or develop additional signs

with the passage of time (Mitsumoto et al., 1991; Warren

et al., 2002) while others are found to have an enceph-

alomyelitis on pathological examination (Meinck et al.,

1994; Armon et al., 1996;Warren et al., 2002). Moreover,

many cases of PER have antiGADab (Brown et al., 1991;

Meinck and Thompson 2002). One conclusion from

these observations is that SPS and PER are closely

related.

PARANEOPLASTIC ENCEPHALOMYELITIS

Segmental rigidity, spasm and myoclonus have been

described as paraneoplastic manifestations of breast

(Rosin et al., 1998) and small-cell lung cancer (Roobol,

Kazzaz and Vecht, 1987; Bateman, Weller and Kennedy,

1990). Clinical features suggesting a paraneoplastic

etiology include rigidity confined to one upper limb, rapid

progression and the early appearance of joint deformity

(Rosin et al., 1998). Other paraneoplastic syndromes,

such as sensory ganglionopathy may co-exist (Stingele

et al., 1998). Neurological signs may appear well before

presentation of the neoplasm. Anti-amphiphysin antibo-

dies have been identified in cases with paraneoplastic

rigidity associated with breast cancer (Folli et al., 1993;

Dropcho 1996) and may co-exist with antiGADab (Rosin

et al., 1998). Personal observations suggest that paraneo-

plastic SPS may be associated with antiGADab and

screening for cancer is always indicated in SPS in the

first years after presentation.

DIFFERENTIAL DIAGNOSIS

From a practical point of view the commonest differential

diagnosis is fibromyalgic chronic low back pain with

associated restriction of mobility. Continuous motor unit

activity, rigidity and enhanced exteroceptive reflexes are

not present in chronic low back pain. Back pain may be a

feature of SPS, but this is usually paroxysmal in association

with spasm. Abnormal lumbar posturing is present in axial

dystonia and certain myopathies. Dystonia occurs on stand-

ing and walking, but the abnormal posturing settles on lying

down. The exaggerated lumbar lordosis of SPS is present

when standing and usually persists on lying down. Myop-

athies, such as the rigid spine syndrome, inflammatory

myopathies and myositis ossificans, may produce an ab-

normal lumbar posture due to fibrotic contracture of para-

spinal muscles that persists when standing, lying down and

during sleep. Muscle weakness and wasting is usually

evident and needle electromyographywill reveal myopathic

units and a low-amplitude dense interference pattern in

contrast to the continuous motor unit activity of SPS.

Cramps may be confused with the spasms of SPS. Benign

physiological cramps affect onemuscle and can be “broken”

by stretching the affected muscle, in contrast to the more

widespread recruitment of muscles in a spasm that typically

involves both legs and the trunk. Peripheral nerve hyperex-

citability syndromes produce distal and proximal muscle

stiffness, delayed muscle relaxation, depressed tendon
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reflexes and characteristic spontaneous high-frequency

discharges, myokymia and after-discharges on needle elec-

tromyography. Brief paroxysms of muscle stiffness and

rigidity in early SPS pose a difficult diagnostic problem

since the precipitating stimuli (anxiety, emotion, noise) may

escape notice. Accordingly, SPS should be considered in the

differential diagnosis of tonic spasms in demyelinating

disease, tonic seizures and paroxysmal dyskinesias. Seg-

mental rigidity with spasms affecting one limb may com-

plicate a variety of spinal cord pathologies (Penry et al.,

1960;Tarlov1967;Davis et al., 1981). The presenceof other

signs points toward a structural spinal lesion and imaging of

the spinal cord should be undertaken if there is any doubt. A

small number of patients with rigidity confined to one limb

have no identifiable cause. The term “stiff leg syndrome”

was originally used to describe such cases and it was

suggested these represent a form of chronic spinal inter-

neuronitis (Brown, Rothwell and Marsden, 1997).

DIAGNOSIS OF SPS

The clinical features of trunkal rigidity due to continuous

motor unit activity with superimposed spasm form a dis-

tinctive pattern. The absence of other neurological signs is

an important additional criterion. Earlier descriptions of

SPS listed a number of diagnostic criteria encompassing

these essential features. Today, these clinical features,

coupled with neurophysiological demonstration of char-

acteristic reflex enhancement and the presence of anti-

GADab are invaluable in forming the basis for diagnosis,

though the latter are not essential for diagnosis, since

antiGADab are detected in only 60--80% of cases. Con-

versely, interpretation of serum antiGADab also requires

caution since they are present in 1% of the normal popula-

tion and about 5% of unselected neurologic diseases

(Meinck et al., 2001).

TREATMENT

A number of symptomatic drug therapies have been

reported, mostly as therapeutic observations in the form

of case reports or limited series without controlled trials.

More recently immunomodulatory strategies to modify

the immune response and disease progression have been

studied. Physiotherapy also provides a valuable adjunct to

pharmacological treatments.

Diazepam was one of the first drugs reported to be of

benefit (Cohen, 1966) and remains the most widely used.

The acute response to intravenous diazepam is so dramatic

that it is a useful diagnostic test, though this is not specific.

An infusion of 5mg diazepam (prepared as 20mg of

diazepam diluted in 100ml normal saline) administered

over five minutes reduces muscle tone with relief of

stiffness and restriction of movement (Meinck and Conrad,

1986).

Oral diazepam is particularly effective in relieving the

muscle spasms, but background muscle rigidity due to

continuous muscle activity frequently persists. Thera-

peutic benefit from maintenance oral diazepam usually

requires increasing doses because of habituation and

carries the risk of addiction. The same considerations

apply to clonazepam. Sedative and cognitive side effects

also limit the use of long-term high-dose benzodiaze-

pines. Because of this, diazepam is usually given in

combination with baclofen or other GABAergic drugs.

The use of oral baclofen is also limited by side effects at

higher doses and intrathecal administration of baclofen

has been proposed as one method of providing higher

central nervous system concentrations of the drug than is

possible with oral administration (Penn and Mangieri,

1993). Significant improvements have been reported

with this technique (Seitz et al., 1995; Stayer et al.,

1997). In the case reported by Seitz et al. (1995)

intrathecal baclofen was combined with azathioprine

for 24 months, during which time a decrease in continu-

ous muscle activity, muscle tone and rigidity was ac-

companied by a return to independent walking.

Withdrawal of intrathecal baclofen was followed within

18 hours by reappearance of continuous muscle activity

and deteriorating gait, which again improved after

resumption of the infusion. In a double-blind placebo-

controlled trial of intrathecal baclofen in three patients,

a reduction in reflex excitability was accompanied by

clinical improvement in only one patient (Silbert et al.,

1995). The use of intrathecal baclofen must be

approached with caution, since the sudden withdrawal

of baclofen due to catheter breakage or pump failure can

lead to an acute baclofen-withdrawal syndrome

with autonomic crises that can be fatal (Stayer et al.,

1997).

The benefits of drugs that enhance GABAergic trans-

mission, such as valproate (Spehlmann et al., 1981), leve-

tiracetam (Ruegg, Steck and Fuhr, 2004), tiagibine

(Murinson and Rizzo 2001) and vigabatrin (Ligouri

et al., 1993; Vermeij et al., 1996; Prevett, Brown and

Duncan, 1997), have been dramatic in individual case

reports. This usually reflects the improvement in functional

capacity that follows a reduction in stimulus-induced jerks,

spasms and enhanced startle responses. Patients who were

previously unable to walk outside or go shopping because

of fear of falling during a prolonged spasm may be able to

do so if spasms are dampened by treatment. The effect on

continuous muscle contraction and axial rigidity seems

more variable and is difficult to quantify, though a reduc-

tion in axial rigidity may also contribute to improved

mobility. In many cases, the reduction in spasms from the

additional medication allows a significant reduction in
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concurrent benzodiazepine use with a corresponding im-

provement in sedative and cognitive side effects of high-

dose benzodiazepine use.

Drugs that modify central adrenergic transmission such

as clonidine and tizanidine are also useful adjuncts in

reducing spasms, though the beneficial effects are limited

by sedation and hypotension (Meinck and Conrad, 1986).

Botulinum toxin injections have relieved painful para-

spinal and proximal leg muscle stiffness and continuous

motor unit activity, with effects lasting four to seven

months at a time (Davis and Jabbari, 1993; Ligouri

et al., 1997). Spasms, rigidity and mobility were improved.

Whether the toxin can improve function by diminishing the

spread of a regional spasm remains to be determined.

Because of the immune-mediated inflammatory basis for

SPS a number of immunomodulatory therapies have been

tried. Anecdotal reports of varying degrees of benefit with

plasma exchange in association with other immune thera-

pies have not been followed by systematic study. All these

cases had experienced sub-optimal responses to pharmaco-

logical therapies usually in multiple combinations. Im-

provement in mobility, a reduction in continuous motor

unit activity, exteroceptive reflexes and serum GAD-like

immunoreactivity (Brashear and Phillips, 1991), improve-

ment in clinical symptoms and continuous motor unit

activity with (Hau et al., 1999) and without change in

antiGADab (Vicari et al., 1989) and marginal (Shariatma-

dar and Noto 2001) or no discernible effect (Harding et al.,

1989) have been described. In many of these cases, varying

forms of immunosuppression were coincident with plasma

exchange. There have been no reports on the efficacy on

individual immunosuppressive drugs beyond anecdotal

mention of their use in these reports.

High-dose methylprednisolone (500mg intravenous for

five days) can be useful, but maintenance steroid therapy is

often required for long-term suppression of symptoms

(Meinck, 2000). Steroids are generally used in concert with

other forms of immunomodulation. The value of long-term

high-dose steroids is limited by the potential to exacerbate

or unmask co-existing or latent diabetes mellitus.

Case reports of improvement in spasms and continuous

motor unit activity after intravenous immunoglobulin

(IVIg) allowing a reduction in the doses of diazepam and

related drugs (Amato, Cornman and Kissel, 1994; Barker

andMarsden 1997; Souza-Lima et al., 2000) were followed

by the only controlled trial involving any form of treatment

in SPS. Sixteen antiGADab positive patients randomly

received high-dose intravenous immunoglobulin (2 gm per

kilogram body weight) or placebo in a double blind cross-

over design monthly for three months before one-month

washout and then three months with the other treatment

(Dalakas et al., 2001). Monthly assessments showed that

IVIg reduced stiffness and spasms, the number of falls and

improved walking. These functional gains were lost during

the one-month washout period and scores declined back to

baseline on placebo (Figure 18.4). This study used a higher

dose of IVIg than is normally employed for other neuro-

logical immunomodulatory therapies.

A single case report of a patient refractory to treatment

with various immunomodulatory therapies including IVIg,

cyclophosphamide and mycophenolate documented the

efficacy of rituximab, a monoclonal anti B cell antibody

in reducing continuous motor unit activity and stiffness

with an improvement in functional capacity and reduction

in antiGADab (Baker et al., 2005). Diazepam, baclofen and

dantrolene were continued, but at reduced doses.

CONCLUDING REMARKS

The therapeutic approach for the initial treatment of SPS

can be summarized in two categories (Table 18.1). First,

symptomatic treatment to reduce spasms and stiffness.

Second, disease modification by immunomodulatory ther-

apies. In practice, the approach taken will depend on the

severity of symptoms. Symptomatic treatment with a com-

bination of diazepam and baclofen is recommended to

reduce spasms. It is desirable, though not always possible,

to keep the dose of diazepam as low as possible. If spasms

remain troublesome, other drugs can be added. It is evident

that most patients with SPS are eventually treated with a

range of drugswith similar actions, often in combination, in

an effort to provide symptomatic relief from the stiffness

and spasm. Lack of efficacy and side effects are common.

Excessive sedation from combinations of benzodiazepines

and anti-convulsants is often exacerbated by the injudicious

addition of opiates for painful spasm further interfering

with cognitive function and the ability to conduct daily

activities. Such adverse effects may be as disabling as the

spasms and stiffness.

In contrast, immunomodulatory therapies, particularly

IVIg appear promising in terms of efficacy and, although

expensive, seems to have relatively few side effects. When

starting immunomodulation we recommend minimizing

the doses of other drugs so the efficacy of immunomo-

dulation can be assessed, and to establish whether main-

tenance immunomodulation is necessary. The beneficial

effects of immunomodulation on the disease course in the

longer term are not known. It does appear that disease

modification can reduce muscle contraction and stiffness.

In severe cases, combinations of therapy will inevitably be

used.

If there is significant evidence of inflammatory disease

of the central nervous system (and if the question of PER is

raised) then pulse intravenous methylprednisolone fol-

lowed by maintenance corticosteroids should be consid-

ered. Whether other forms of immunosuppression will

prove helpful remains to be determined.
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Figure 18.4 The effect of immunoglobulin on scores representing the extent of stiffness on clinical examination (A) and

stimulus sensitive spasms (B) in a randomized double-blind placebo-controlled crossover trial in 16 patients with SPS.

Patients received immunoglobulin (solid symbols) or placebo (open symbols) and were examined monthly. Higher scores

indicate greater impairment for both scales, i.e., more widespread stiffness and more frequent spasms. Values are mean score

�SE. Stiffness scores were significantly improved at three, four and five months after immunoglobulin, then deteriorated

significantly during placebo at seven and eight months (A). Stimulus-sensitive spasms were significantly worse at six and

sevenmonths during treatment with placebo (B). Reproduced fromDalakas, et al. (2001) with permission. Copyright� 2001,

Massachusetts Medical Society. All rights reserved.

Table 18.1 Therapeutic options in SPS.

A: Symptomatic treatment (for spasms)

Benzodiazepines, e.g. (diazepam)

Baclofen

Tizanindine, Clonidine

Also reported to be effective (see text for references)

Valproate

Vigabatrin

Tiagibine

Levetiracetam

B: Disease modifying----Immunomodulatory treatment

(reduces muscle contraction and stiffness)

Immune globulin

Intravenous methyl prednisolone

Plasma exchange

Rituximab
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Huntington’s Disease
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On February 15, 1872, the young Dr George Huntington

read his eloquent essay “On Chorea” (Huntington, 1872)

before the Meigs and Mason Medical Society in Middle-

port, Ohio. He described the clinical characteristics of this

incurable form of adult-onset chorea, which he appreciated

was inherited in an autosomal dominant mode of transmis-

sion. Today, Huntington’s disease (HD) is recognized as a

lethal neurodegenerative disease characterized by disor-

dered movement, intellectual decline and an array of

behavioral disturbances. The progressively disabling clini-

cal features result from selective neuronal degeneration and

atrophy, especially involving the basal ganglia and cerebral

cortex. The neurophathological hallmarks are in turn a

consequence of expression of the IT-15 gene on chromo-

some 4, representing an expansion of an unstable cytosine-

adenine-guanine (CAG) trinucleotide repeat (HDCRG,

Mar 1993a). Each offspring of an affected family member

has a nominal 50% chance of having inherited the HD

mutation, which is highly penetrant, but shows some

variations in phenotypic expression.

HD represents one of the most important genetic dis-

orders of adulthood. HDwas the first disease recognized to

arise from a trinucleotide expansion that can be detected by

DNA testing. HD is also a model for the experimental

therapeutics of adult-onset neurodegenerative diseases.

CLINICAL CHARACTERISTICS

HD is characterized clinically by the triad of an extrapyra-

midal movement disorder, progressive cognitive decline

(dementia) and an array of behavioral disturbances. There

is variability in the clinical presentation and major clinical

manifestations of the disease. The cause of some of this

variability is understood. For example, clinical onset in

childhood or adolescence is associatedwith a larger number

of CAG repeat expansions and an akinetic-rigid phenotype

in contrastwith the lower number of expandedCAG repeats

and more typical hyperkinetic manifestations that are

observed in the more common adult-onset HD. Other

contributions to the variable clinical expression of HD,

including environmental and extragenetic factors, are un-

der investigation.

HD Diagnosis

Traditionally, the clinical diagnosis of HD has been based

on the emergence of characteristic extrapyramidal motor

abnormalities in the setting of a confirmatory family history

(Folstein et al., 1986). Identification of the geneticmutation

responsible for HD in 1993 made it possible to accurately

make a genetic diagnosis of HD (HDCRG, 1993a). Now,

DNA testing for the HD genemay be informative for adults

who have developed extrapyramidal motor abnormalities

or cognitive impairment, but without a confirmatory family

history of HD, or in consenting adults at risk for HD who

wish to learn whether or not they have inherited the HD

gene. The complex decision to be tested, the currently

irreversible consequences of learning of one’s HD gene

carrier status, and the research implications for pre-mani-

fest HD will be discussed later.

While the clinical recognition is seemingly straightfor-

ward, the diagnosis of manifest HD is typically confirmed

onlymonths or years after the insiduous emergence of signs

and symptoms referable to motor, cognitive, behavioral

and functional impairments (Greenamyre and Shoulson,

1994; McCusker et al., 2000; Hahn-Barma et al., 1998;

Penney et al., 1990; Baxter et al., 1992).

Motor Manifestations

Chorea is the prototypical motor abnormality characteristic

of HD, though a wide range of other motor abnormalities

occur (Penney et al., 1990; Tian et al., 1991; Carella et al.,

1993; Jankovic and Ashizawa, 1995; Leopold and Kagel,
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1985; Louis et al., 1999; van Vugt, van Hilten and Roos,

1996; Racette and Perlmutter, 1998). Some of these motor

manifestations, such as impaired ocular motility and rapid

alternating movements, may antedate the onset of chorea

(Penney et al., 1990; Beenen, Buttner and Lange, 1986;

Collewijn et al., 1988; Young et al., 1986).

Chorea represents fast, arrhythmic, semi-purposeful in-

voluntary movements and is the most conspicuous and

uniform feature of HD, occurring in 90% of affected

individuals. While movements may appear stereotyped in

an individual patient, they are highly variable from person

to person. Subtle slight movement of the fingers and toes in

adults at risk for HD predicts gene carrier status, but the

relationship is imperfect (McCusker et al., 2000). What

begin as quick fleeting movements typically evolve into

slower writhing movements in association with axial pos-

turing of the arms, legs or torso (choreoathetosis). Chorea

intensifies and progresses early in the disease in association

with more overt movements, including facial grimacing,

eyelid elevation, head bobbing, and writhing and jerking of

the limbs. Parakinesia or the transformation of an involun-

tarymovement into a seemingly voluntary one is frequently

seen, often in the forms of crossing and uncrossing of the

legs, smoothing of the hair or rubbing of the chin or brow.

An associated feature is motor impersistence whereby

individuals are unable to maintain tongue protrusion or

eye closure.

Oculomotor abnormalities are very common and early

findings in HD and may appear before any signs of

chorea. Impairment in oculomotor function may be evi-

denced by increased latency of response, insuppressible

eye blinks or head movements associated with saccade

initiation and slowing of saccade velocity (Tian et al.,

1991; Beenen, Buttner and Lange, 1986; Collewijn et al.,

1988; Young et al., 1986; Kirkwood et al., 2000; Oepen,

Clarenbach and Thoden, 1981; Blekher et al., 2006).

Abnormalities in fine motor coordination may also occur

early (Penney et al., 1990; Young et al., 1986; Siemers

et al., 1996).

The slower and more sustained abnormal postures of

dystonia may be seen early, especially in young individuals

who carry a large number of expanded CAG repeats.

Dystonia may also develop prominently as typical adult-

onset HD advances, and may be exacerbated by anti-

dopaminergic therapy (Penney et al., 1990; Louis et al.,

1999; Feigin et al., 1995). Other movement disorders occur

in HD including bradykinesia, rigidity, myoclonus, tics,

bruxism and ataxia (Carella et al., 1993; Jankovic and

Ashizawa, 1995; Racette and Perlmutter, 1998; Reuter

et al., 2000; Tan, Jankovic and Ondo, 2000; Paulson,

1979). Like dystonia, bradykinesia and rigidity commonly

develop as HD progresses. Hypertonicity, representing

both pyramidal (spasticity) and extrapyramidal (rigidity)

tone abnormalities may be seen, even in the same patient.

Other signs of pyramidal tract dysfunction are also seen,

including hyper-reflexia and extensor plantar responses

(Paulson, 1979).

Dysarthria can occur at any stage of the illness, tends to

progress, and may become severe enough to leave indivi-

duals anarthric. Despite severe dysarthria, central (cortical)

language is largely unaffected. Dysphagia tends to be most

prominent in the terminal stages of the disease, and aspira-

tion is a common cause of death (Leopold and Kagel, 1985;

Edmonds, 1966).

Gait, station and balance become increasingly impaired

in HD. Superimposed chorea may give the gait a dance-like

or lurching appearance. Patients will appear to be thrown

off balance by sudden involuntary movements and move in

a zig-zag pattern. Station is typically broad based and

postural reflexes are eventually lost. Balance problems

lead to falls and injury; although it is remarkable how well

some patients are able to avoid falling in the face of their

involuntary movements.

Cognitive Dysfunction

Cognitive impairment is inevitable inHD,with the possible

exception of a few individuals who have a very late onset of

illness (Britton et al., 1995). Cognitive impairment typi-

cally progresses from selective deficits in psychomotor,

executive and visuospatial abilities to more global im-

pairment (Josiassen, Curry and Mancall, 1983; Bamford

et al., 1989; Lawrence et al., 1996; Wilson and Garron,

1979; Shelton and Knopman, 1991). A variety of cognitive

domains may be involved, including memory, executive

function, visuospatial abilities, cognitive speed, sensori-

motor function, concentration, and the acquisition and

encoding of sensory stimuli (Bamford et al., 1989;

Lawrence et al., 1996; Morris, 1995; Pillon et al., 1991;

Huber and Paulson, 1987), but higher cortical language and

gnostic operations are generally spared. Dementia, as

defined by global intellectual performance two standard

deviations below the mean for healthy controls, was seen in

up to 66% of patients in one study (Pillon et al., 1991), and

is characteristic of advanced illness (Josiassen, Curry and

Mancall, 1983). Cognitive inflexibility may also be seen,

whereby individualswithHDperseverate incessantly about

specific and seemingly unimportant issues. This inflexibil-

ity, which may be extremely distressing to caregivers, is

thought to result from frontostriatal loop dysfunction

(Bamford et al., 1989; Watkins et al., 2000; Lawrence

et al., 1998a).

Cognitive impairments may antedate the motor man-

ifestations of HD, but the specificity and character of

cognitive dysfunction have not yet been established

(McCusker et al., 2000; Penney et al., 1990; Kirkwood

et al., 2000). Studies evaluating cognitive measures in

seemingly unaffected individuals who have inherited the
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gene show early impairment in psychomotor tasks, mem-

ory and frontal executive function, frequently antedating

motor symptoms (McCusker et al., 2000; Hahn-Barma

et al., 1998; Paulsen et al., 2001; Foroud et al., 1995;

Strauss and Brandt, 1990; Diamond et al., 1992; Jason

et al., 1988; Rosenberg, Sorenson and Christensen, 1995;

Lawrence et al., 1998b). Other studies have failed to

show early cognitive impairment in asymptomatic indi-

viduals (Giordani et al., 1995; de Boo et al., 1997;

Blackmore, Simpson and Crawford, 1995; Rothlind

et al., 1993; Wexler, 1979). Two large prospective stud-

ies involving individuals at risk for HD who have chosen

not to undergo predictive DNA testing (PHAROS) and in

individuals who have been tested (PREDICT HD) are in

progress and will help clarify the pattern and temporal

sequence of the earliest cognitive and motor abnormali-

ties among HD gene carriers (HSG, 2006; Paulsen et al.,

2006).

Behavioral Disturbances

Psychiatric illness has been recognized as an important

feature of HD since George Huntington’s original descrip-

tion. While Huntington focused on the “tendency to insan-

ity and suicide,” a wide range of psychiatric and behavioral

disturbances are currently recognized (Caine and Shoulson,

1983). Mood disorders, psychosis, anxiety, obsessions,

compulsions, aggression, irritability and apathy may be

prominent and disabling features of HD.

Affective disorders are an important and potentially

treatable manifestation of HD. Depression is common in

HD, occurring in as many as half of HD patients (Caine and

Shoulson, 1983; Folstein et al., 1987) with manic features

in up to 10% of patients (Folstein et al., 1987; Mendez,

1994). The suicide rate is five times more frequent than in

the general population and may account for 2% of HD

mortality (Schoenfeld et al., 1984). Affective disorders in

HD are believed to be primarily related to the disruption of

specific frontal-subcortical neural pathways regulating

mood (Mayberg et al., 1992). Anxiety disorders seem to

be important clinically, though little epidemiological data

exists on these conditions. Generalized anxiety, panic

attacks, and obsessive and compulsive symptoms are also

seen (Guttman et al., 2002).

Psychosis is alsomore common inHD than in the general

population, occurring in up to 15% of HD patients (Caine

and Shoulson, 1983; Mendez, 1994) and may be more

common in young-onset cases (Folstein et al., 1987).

Paranoia is an important and under-recognized manifesta-

tion of psychosis in this population; while frank auditory or

visual hallucinations are rare (Guttman et al., 2002). The

acute onset or presence of hallucinations should alert the

clinician to look for other causes of the psychiatric

disturbance.

Aggression in HD varies in severity from the over-

reaction to relatively trivial issues to overt acts of violence.

Aggression may represent a feature of other underlying

psychopathology such as paranoia, depression or anxiety.

Using an aggression rating scale, Burns et al. (Burns et al.,

1990) found nearly two-thirds of HD patients showed

increased indices of aggression. Irritability, reflecting an

inability to control temper or a reduced threshold for the

development of anger, may be linked to aggressive behav-

ior and not be recognized by patients themselves (Burns

et al., 1990). If left untreated, irritability may lead to

aggressive behaviors and psychiatric hospitalization

(Dewhurst, Oliver and McKnight, 1970).

Apathy is characterized by a loss of emotion resulting in

an internal feeling of disinterest or a behavioral state of

inaction (Burns et al., 1990). Apathy is a problem com-

monly mentioned by caregivers of patients with HD, and

may occur independent of depression (Levy et al., 1998).

Psychiatric disturbances may occur very early and ap-

pear to pre-date motor manifestations of HD. Some reports

suggest psychiatric disturbances are more common in at-

risk individuals who have inherited the HD gene compared

with their counterparts who have not (McCusker et al.,

2000; Shiwach and Norbury, 1994). Other reports do not

show such differences (Strauss and Brandt, 1990; Rosen-

berg, Sorenson and Christensen, 1995). Ongoing cohort

studies suggest that subtle sub-clinical psychiatric symp-

toms may develop prior to diagnosis; however, the speci-

ficity of these findings to HD has not yet been established

(Duff et al., in press).

Body Mass and Metabolism

Weight loss has long been recognized as a clinical charac-

teristic of HD patients in early as well as in more advanced

illness (Djousse et al., 2002). The weight loss often occurs

in a setting of ravenous appetite with high caloric intake not

keeping pace with the steady loss of body mass. Studies

using indirect calorimetry find about 14% higher total

energy expenditure in HD patients compared with normal

controls, attributable in large part to involuntary move-

ments (Pratley et al., 2000; Gaba et al., 2005). A more

recent study in a large population of unaffected adults at

risk for HD indicates that pre-manifest individuals who

have inherited the HD gene have a lower body mass index

compared with their counterparts who do not carry the gene

(Marder and Huntington Study Group, 2007). The lower

bodymass index of pre-manifest HD is also associated with

increased energy expenditure, either due to physical activi-

ty that is clinically unrecognized or to alterations in energy

efficiency. It remains unclear whether early brain patholo-

gy (Petersen and Bjorkqvist, 2006) leads to early bioener-

getic changes, or whether the ubiquitous gene for HD is

expressed subtly in peripheral somatic cells.
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In spite of the low body mass and weight loss in HD,

glucose intolerance and non-insulin dependent diabetes

mellitus are not uncommon in HD patients (Podolsky,

Leopold and Sax, 1972; Podolsky and Leopold, 1977;

Farrer, 1985).Hypothalamic dysfunction, perhaps involving

altered growth hormone secretion, has been suggested as a

contributing factor (Leopold and Podolsky, 1975). Of in-

vestigative interest, transgenic HD mice very commonly

develop diabetes as a terminal consequence of progressive

disease (Hurlbert et al., 1999). Altered insulin secretion,

insulin resistance and subtle pathology in pancreas, liver and

skeletal muscle have not been systematically examined as

factors leading to the peculiar bioenergetic features of HD.

Natural History

HD is a relentlessly progressive and lethal disorder. Illness

may emerge at any time of life, with the peak incidence

between 35 to 40 years of age (Farrer and Conneally, 1985).

Longitudinal observation of the extensive Venezuela

cohort revealed a slightly younger mean age of onset of

33 years in this population compared with a North Ameri-

can population (Penney et al., 1990). The average age of

death for HD patients in the US is approximately 60 years

(Lanska et al., 1988) compared with 50 years in the

Venezuelan cohort (Penney et al., 1990), perhaps reflecting

differences in access to medical care. Very early age of

onset seems to portend a short duration of illness, especially

in juvenile-onset patients (Foroud et al., 1999; van Dijk

et al., 1986). However, others have failed to confirm the

association between age of onset and disease duration

(Josiassen, Curry and Mancall, 1983).

Total functional capacity (TFC) is a standardized rating of

functions and disability that has been used extensively in

HDresearch(Shoulson,KurlanandRubin,1989a).Thisscale

ranges froma score of 13 (normal) to 0 (completely incapaci-

tated)andassessesapatient’scapacity infivefunctionalareas

(Table19.1)(Shoulson,KurlanandRubin,1989a).Numerous

longitudinal studies have shown an annual decline in TFC of

approximately 0.8 to 1.0 units per year (Young et al., 1986;

Feigin et al., 1995; Shoulson et al., 1989b). This consistency

across populations has made TFC a useful tool for the

evaluation of potential therapeutic interventions.

The Huntington Study Group (HSG) is an international

consortium of clinical investigators who are committed to

advancing knowledge and developing better treatments for

HD. The HSG has developed a rating scale, the Unified

Huntington’s Disease Rating Scale (UHDRS), developed

by theHSG,measures disease severity across four domains:

motor, cognition, behavior and functional capacity. The

UHDRS has been shown to have a high degree of internal

consistency and inter-rater reliability (Hogarth et al., 2004).

Over time, HD patients generally show a worsening of

motor function with increasing dystonia and stable chorea

scores, worsening cognitive performance, increased occur-

rence of behavioral disorders, and worsening functional

status (Siesling et al., 1998). The UHDRS has been used

extensively in research to evaluate the impact of experi-

mental therapeutics on disease progression and illness

severity in manifest HD. Subtle abnormalities in UHDRS

motor and cognitive domains may differentiate at-risk

individuals who do or do not carry the HD gene (Saft

et al., 2006; Kipps et al., 2005; Snowden et al., 2002;

Langbehn et al., 2007).

Juvenile-Onset HD

Young-onset HD is relatively uncommon, accounting for

about 10--15% of manifest HD, but has generated research

interest because of its unique clinical phenotype that is

often associated with 50 or more expanded CAG repeats.

The juvenile variant of HD, where age of onset occurs

before 20, is typically manifested by an akinetic-rigid

phenotype and paternal inheritance (van Dijk et al.,

1986; Rasmussen et al., 2000). However, juvenile-onset

of HD may not always fit this stereotype. Several reports

indicate that cognitive and behavioral changes may well

antedate the onset of motor abnormalities, which often

emerge as rigidity, dystonia and bradykinesia (van Dijk

et al., 1986; Rasmussen et al., 2000; Siesling, Vegter-van

Table 19.1 Total functional capacity scale.

Occupation

0¼Unable

1¼Marginal Work Only

2¼Reduced capacity for usual job

3¼Normal

Finances

0¼Unable

1¼Major assistance

2¼ Slight assistance

3¼Normal

Domestic chores

0¼Unable

1¼ Impaired

2¼Normal

ADL

0¼Total care

1¼Gross tasks only

2¼Minimal impairment

3¼Normal

Care level

0¼ Full-time skilled nursing

1¼Home or chronic care

2¼Home
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der Vlis and Roos, 1997; Gomez-Tortosa et al., 1998; Roos

et al., 1991; Cannella et al., 2004; Nance, 1997; Oliva et al.,

1993; Laccone et al., 1999; Squitieri et al., 2000; Wexler

and Lorimer, 2004; Young et al., 1986; Duesterhus et al.,

2004; Squitieri et al., 2003; Ribai et al., 2006). Paternal

inheritance of the HD gene is the rule for onset before the

age of 10 and still predominates (about 3:1 paternal:mater-

nal) for onset before the age of 20.

EPIDEMIOLOGY

HD is the most common inherited form of chorea, with a

worldwide distribution likely reflecting multiple introduc-

tions of the gene from European migrations (Giron and

Koller, 1994). New mutations are rare and likely represent

expansion of the unstable trinucleotide repeat from an

intermediated range (30--35 repeats) in the parent to the

pathologic range (�36 repeats) in the offspring (HDCRG,

1993b). This tendency for expansion is one example of the

“dynamic mutation” of the trinucleotide repeat underlying

HD. Another example is the phenotypic variation within

families and between generations.

HD is found throughout North America, South America

and Australia, especially in Caucasian populations. It has

the highest prevalence rates around Lake Maracaibo in

Venezuela and the Moray Firth region of Scotland and is

relatively rare in Asian countries and amongst African

blacks (Harper, 1992; Hayden, MacGregor and Beighton,

1980). Approximately 30 000 people in the United States

have clinical manifestations of HD, and an additional

150 000 healthy people are at risk of developing HD

(Conneally, 1984; Tanner and Goldman, 1994).

Throughout Europe, with the notable exception of Fin-

land, prevalence rates are relatively uniform ranging from 2

to 8 per 100 000 (Harper, 1992). Finland is believed to be

genetically distinct from the rest of the European popula-

tion and has the lowest prevalence rates in Europe at 0.5 per

100 000 (Harper, 1992). Regions of the world largely

populated by individuals of European descent show a

similar prevalence to Europe (Folstein et al., 1987; Harper,

1992; Kokmen et al., 1994).

Little is knownof theprevalenceofHDinAfrica.Hayden

carried out the only systematic survey of African popula-

tions in South Africa (Hayden, MacGregor and Beighton,

1980). Frequencies similar to European populations were

found in white and mixed populations. Prevalence in po-

pulations ofAfrican originwas about 10 times less frequent.

In American blacks of African origin, true prevalence rates

are difficult to obtain because of under-ascertainment;

however, Folstein et al. (Folstein et al., 1987) found a rate

comparable to European studies. European origin of these

cases in African Americans could neither be identified nor

clearly excluded. It seems likely thatHDoccurs at relatively

low rates in persons of African origin.

HD has been documented in Asia, with only Japan

having systematic data. Detailed studies in Japan reveal

frequencies between 0.11 and 0.45 per 100 000 (Harper,

1992). Case reports fromChina, India, Turkey and previous

Soviet republics in central Asia suggest that the disease

occurs in these regions, but exact prevalence rates are not

known (Harper, 1992).

PATHOLOGY

The neuropathology of HD is characterized by selective

neuronal vulnerability, particularly involving the caudate

and putamen of the corpus striatum (Vonsattel et al., 1985).

Other regions of the brain including deep cortical layers,

thalamus and hippocampus are also affected. In advanced

HD, there is prominent, overall atrophy of the brain (Von-

sattel et al., 1985; Sotrel et al., 1991). Figure illustrates the

striking caudate atrophy of an HD brain compared with a

normal brain (Figure 19.1).

Microscopically, the pathological hallmark of the dis-

ease is the preferential loss of medium-sized spiny neurons

projecting from the striatum to the external pallidum

(Mitchell, Cooper and Griffiths, 1999). These striatal neu-

rons contain g-aminobutyric acid (GABA) and enkephalin

as their primary neurotransmitters, which are selectively

depleted, while neighboring large interneurons are relative-

ly spared (Perry, Hansen and Kloster, 1973; Reiner et al.,

1988; Sapp et al., 1995; Richfield et al., 1995). Intraneur-

onal inclusions are seen within degenerating neurons

(Roizin et al., 1974; DiFiglia et al., 1997), most promi-

nently in the nuclei and neuropil of striatal and cortical

neurons. The inclusions represent aggregates of the mutant

huntingtin protein and ubiquitin (DiFiglia et al., 1997;

Davies et al., 1997) and may pre-date the emergence of

clinical manifestations (Gomez-Tortosa et al., 2001).

HD PATHOGENESIS

HD results from an expanded cytosine-adenine- guanine

(CAG) trinucleotide repeat of the interesting transcript #15

(IT-15) gene near the telomere of the short arm of chromo-

some 4 (Goldberg, Telenius and Hayden, 1994). The

expanded CAG repeat, occurring in the first exon of the

50 region of the gene, codes for an expanded polyglutamine

region within the mutant protein named huntingtin

(HDCRG, 1993a). Wild-type huntingtin, which is approxi-

mately 330 kDa in size, is widely expressed throughout the

brain and primarily localized to the cytoplasm of neurons

(Landwehrmeyer et al., 1995). Highest concentrations are

found in the cerebellum, hippocampus, cerebral cortex,

substantia nigra-pars compacta and pontine nuclei (Land-

wehrmeyer et al., 1995; Sapp et al., 1997; Saudou et al.,

1998; Jones, 1999).
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The expandedCAGmutation is found in all cells of those

who have inherited the HD gene, but neuronal cells are

conspicuously vulnerable to the ubiquitous expression of

the mutant gene. In general, somatic cells of HD patients

have the same number of expanded CAG as in brain cells;

although, some mosaicism can be detected, particularly in

the basal ganglia, cortex and cerebellum of the juvenile HD

post-mortem brain (Telenius et al., 1994; Aronin et al.,

1995).

The levels ofmRNAexpression vary from tissue to tissue

and within tissues, but there is no correlation between

mRNA expression and consequent pathology. In fact, the

highest levels of mRNA expression are found in skeletal

muscle, kidney and cerebral cortex, and the lowest levels in

striatum, pallidum, liver and heart (Landwehrmeyer et al.,

1995).

The huntingtin protein product is most abundant in

brain paralleling mRNA expression, but regional concen-

trations vary and do not correlate with specific pathology.

Within the cell, huntingtin is concentrated primarily within

the cytoplasm, but may also be found in the nucleus of

neuronal cells. Huntingtin appears to be a “sticky” protein,

interacting with many other proteins, including huntingtin-

associated protein and glyceraldehyde 3-phosphate dehy-

drogenase (GAPDH) which is involved in energy metabo-

lism. The normal function of wild-type huntingtin is

Figure 19.1 HD brain (a) compared with a normal brain (b), demonstrating caudate atrophy.

300 CHOREA, TICS AND OTHER MOVEMENT DISORDERS



unclear, but knocking out both gene alleles in mice experi-

ments proves lethal in the resulting embryos within 10 days

post-conception (Duyao et al., 1995; Nasir et al., 1995). At

the time of writing, the normal function of huntingtin and

howmutant huntingtin leads to neurodegeneration remain a

mystery. However, functions and mechanisms are slowly

being revealed.

In a transgenic mouse model of HD, mutant huntingtin

appears to undergo abnormal cleavage in the cytoplasm,

resulting in the translocation of the N-terminal fragment

into the nucleus (Wellington, Leavitt and Hayden, 2000).

These abnormally cleaved mutant proteins undergo ab-

normal conformation and form aggregates in the nucleus,

as well as deposits in cytoplasm and neurites in other

areas of the cell (DiFiglia et al., 1997; Jones, 1999;

Mangiarini et al., 1996; Ross, Dec 1997; Scherzinger

et al., 1997). Whether these aggregates are byproducts of

neurodegeneration or are an important component in the

pathogenic process is not known; prevention of the nu-

clear localization of mutant huntingtin aggregates does

inhibit neurodegeneration, suggesting that the altered

cleavage and subsequent nuclear translocation represent

key steps in the pathogenic cascade leading to neuronal

dysfunction and cell death (Saudou et al., 1998). Addi-

tionally, the expression of the N-terminal fragment alone

can reproduce the pathology and phenotype in HD trans-

genic mice (Davies et al., 1997; Mangiarini et al., 1996;

Cooper et al., 1998).

Many cellular abnormalities have been identified that

may contribute to HD pathogenesis, including transcrip-

tional dysregulation (Cha, 2000; Nucifora et al., 2001;

Zucker et al., 2005), activation of caspases and cell death

pathways, interference with axonal transport, alterations of

vesicle recycling, decreased proteasomal function and

altered autophagic protein digestion (Ross, 2004; Ross and

Poirier, 2004). Altered energy metabolism and mitochon-

drial dysfunction may contribute to the pathogenesis of HD

andmay be amenable to experimental treatment (Koroshetz

et al., 1997; Beal, 1999).

Evidence for mitochondrial dysfunction and oxidative

stress in HD pathogenesis originated with the finding that

intracranial injections of the exogenous toxin, 3-nitropro-

pionic acid, in experimental animals causes selective

striatal lesions resulting from inhibition of complex 2 of

the mitochondrial electron transport chain (Bogdanov

et al., 1998; Beal et al., 1993). Abnormalities of mito-

chondrial function, especially loss of complex 2, have

been demonstrated in HD post-mortem brain (Gu et al.,

1996). Other evidence for bio-energetic dysfunction in-

clude increased lactate production in the cerebral cortex

and basal ganglia of patients with HD who have been

imaged using 1H NMR spectroscopy (Jenkins et al.,

1998), deficits of mitochondrial respiratory chain com-

plexes 2, 3 and 4 in post-mortem caudate nucleus, a

deficiency of complex 1 in circulating platelets of HD

patients (Gu et al., 1996; Browne et al., 1997; Tabrizi

et al., 1999), and a decrease in ATP to ADP ratios in HD

models, suggesting impaired mitochondrial ATP synthe-

sis (Seong et al., 2005).

Several mechanisms have been proposed by which

mutant huntingtin may interfere with mitochondrial func-

tion and energy metabolism. The N-terminus of hunting-

tin may directly target mitochondria and impair their

function (Panov et al., 2002). There may be actions of

huntingtin on glutamate receptors or on inositol trisphos-

pate receptors or other intracellular calcium channels

(Zeron et al., 2001; Zeron et al., 2004; Bezprozvanny

and Hayden, 2004).

Mutant huntingtin may also impair mitochondrial func-

tion indirectly via transcriptional interactions (Bae et al.,

2005). For example, mutant huntingtin may act via the

transcriptional co-activator PGC1a, which plays a role in
regulating mitochondrial biogenesis and activation (Cui

et al., 2006; Weydt et al., 2006; Ross and Thompson,

2006) In addition, 8-oxoguanosine DNA glycosylase

(OGG1), a DNA repair enzyme that is involved in repair-

ing DNA errors caused by oxidative stress, has been

shown to be elevated in several neurodegenerative dis-

eases where oxidative stress is believed to play a role

(Fukae et al., 2005). In turn, oxidative damage to DNA

promotes OGG1 activity, resulting in enhanced removal

of oxidized guanosine species such as 8-hydroxy-

20deoxyguanosine (8OH20dG). In serum of HD patients,

8OH20dG has been found elevated almost fourfold com-

pared with controls and may begin to elevate in pre-

manifest HD as signs and symptoms emerge (Hersch

et al., 2006).

EXPERIMENTAL THERAPEUTICS
AND CARE

Overview of Experimental Therapeutics

Experimental therapeutics in manifest HD can be broadly

viewed as symptomatic, neuroprotective and restorative

approaches. Strickly speaking, symptomatic therapies

improve the signs and symptoms of illness without

affecting underlying disease progression; therefore,

benefits are only temporary in the setting of progressive

neurodegeneration. Neuroprotection refers to interven-

tions aimed at producing enduring benefits by favorably

influencing underlying etiology or pathogenesis and

thereby forestalling onset of illness or clinical decline

(Shoulson, 1998). Restorative therapies promote re-growth

or repair of areas of neuronal injury or cell loss. Both

neuroprotective and restorative treatments exert disease-

modifying effects, which could be measured by slowing

clinical decline in manifest HD or forestalling onset of
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illness in pre-manifest HD (“secondary prevention”). The

reader is referred to a comprehensive, evidence-based

review of symptomatic and disease- modifying pharma-

cotherapies for HD, by Bonelli and Wenning (2006).

Symptomatic Therapies

Symptomatic therapies in HD have rarely been subjected to

rigorous evaluation, with most treatments based on case

reports or series and clinical experience. The first rigorous

therapeutic research in HD patients was reported by Fahn,

who conducted a crossover placebo-controlled study of

the anti-psychotic perphenazine in 17 patients and found

an appreciable improvement in chorea (Fahn, 1973).

Table 19.2 is an overview of recent controlled trials of

symptomatic treatments for HD. Most symptomatic treat-

ments in HD have focused on ameliorating chorea, and

there have been few controlled studies of symptomatic

treatments aimed at ameliorating the cognitive, affective

or behavioral disorders of HD.

Tetrabenazine, a selective pre-synaptic depleter of

vesicular-stored catecholamines, was evaluated by the HSG

in84 subjects randomized 2:1 to tetrabenazine orplacebo for

12weeks.Chorea scores asmeasuredby theUHDRSand the

clinical global impression of the blinded investigators were

improved by about 25% in tetrabenazine- vs placebo-treated

patients (Huntington Study Group, 2006). However, tetra-

benazine treatment was associated with a higher occurrence

of parkinsonian features and depression, both predictable

and recognizable consequences of catecholamine depletion.

Such adverse effects can bemanaged by reduction in dosage

or discontinuation of tetrabenazine.

Amantadine, an anti-viral agent and partial NMDA

antagonist, has shown mixed results in treating chorea in

randomized, controlled trials (Verhagen Metman et al.,

2002; O’Suilleabhain and Dewey, 2003). Riluzole, a drug

approved for use in amyotrophic lateral sclerosis that

retards pre-synaptic glutamate release, was shown to have

amild beneficial effect on chorea at dosages of 200mg/day;

however, its costs and potential to cause liver function test

abnormalities has limited its use (Huntington Study Group,

2003). A number of studies have suggested a beneficial

effect of so-called atypical anti-psychotics on chorea;

however, only clozapine has been subjected to rigorous

assessment, but with mixed results (van Vugt et al., 1997).

Levetiracetam showed benefit on chorea in an open-label

study vs untreated controls, but has yet to be subjected to

a randomized, double-blind placebo-controlled study

Table 19.2 Controlled clinical trials of symptomatic therapies in HD.

Indication Treatment Reference n Design Outcome Results

Chorea Tetrabenazine Huntington Study

Group, 2006

84 RCT parallel UHDRS Reduced Chorea

Levetiracetam De Tommaso et al.,

2005

22 Open label,

untreated

controls

UHDRS Reduced Chorea

Amantadine O’Suilleabhain and

Dewey, 2003

24 RCT double-

blind cross-

over

Video Rating Chorea

unchanged,

Subjective

improvement

Amantadine Verhagen Metman

et al., 2002

24 RCT double-

blind cross-

over

UHDRS Reduced chorea

Riluzole Huntington Study

Group, 2003

41 RCT parallel UHDRS Reduced chorea

Clozapine van Vugt et al.,

1997

33 RCT parallel AIMS, UHDRS Mixed effect on

chorea

Cognitive

Function

Donepezil Cubo et al., 2006 30 RCT parallel AD Assessment

Scale, UHDRS

No benefit

Rivastigmine De Tommaso et al.,

2004

21 Open label,

RCT,

untreated

controls

MMSE, TFC Trend towards

improved

MMSE in

treated

Behavioral Fluoxetine Como et al., 1997 30 RCT, Parallel TFC UHDRS No benefit
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(De Tommaso et al., 2005). There are no controlled trials

evaluating treatment of the akinetic-rigid variant of HD

with dopaminergic therapy, whether physical and occupa-

tional therapy helps motoric impairment in HD or whether

speech therapy improves dysarthria, intelligibility or

dysphagia.

Acetylcholinesterase inhibitors have been evaluated in

cognitive dysfunction in HD with mixed results. Done-

pezil was shown to be ineffective in addressing cognitive

impairment in HD patients who were randomized to

donepezil 10mg/day or placebo and followed for 12

weeks (Cubo et al., 2006). Rivastigmine has shown a

suggestion of benefit in an open-label study (De Tom-

maso et al., 2004; De Tommaso et al., 2007). Dimebon is

a novel anti-histamine that has shown a beneficial effect

in experimental models of Alzheimer’s disease (Lermon-

tova et al., 2000) and is currently being evaluated for

cognitive impairment in HD by the HSG under the

sponsorship of Medivation, Inc. (ClinicalTrials.gov Iden-

tifier NCT00497159)

Anti-depressants have not been systematically evaluated

in depressed HD patients, but both traditional tricyclic and

SSRI anti-depressants are widely considered to improve

affect. How long the presumed benefits last has not been

examined. A randomized placebo-controlled trial of fluox-

etine in 30 non-depressed HD patients who were followed

for four months did not show any benefit on functional,

neurological or cognitive batteries, but did suggest a slight

improvement in agitation (Como et al., 1997).

Neuroprotective

Neuroprotective experimental therapeutics aim to influ-

ence either proximal and/or distal targets in the pathogenic

cascade in order to prevent or slow the neurodegenerative

process (Hersch andRosas, 2002). Proximal targets include

targeting the transcription, translation, abnormal folding

and aggregation of mutant huntingtin, as well as the altered

protein--protein interactions, caspase-mediated cleavage

and resulting toxic intermediates, transcriptional dysregu-

lation and neurotrophin depletion. These potential proxi-

mal targets may be amenable to experimental intervention

in the near future. Distal therapeutic targets include final

pathways common to neurodegenative conditions such as

excitotoxic and oxidative injury, inflammation and apopto-

sis. Although less specific and seemingly far from the root

cause, experimental therapeutics targeting distal pathways

in the pathogenesis of HD may be important in slowing

disease progression, even after a cascade of molecular

insults have already occurred.

To date, no trials that have demonstrated a slowing of

clinical progression inmanifest HD (Table 19.3). Themulti-

center trial evaluating co-enzyme Q10 and remacemide in

HD illustrates a determined effort to target distal pathoge-

netic mechanisms in HD (Huntington Study Group, 2001).

Co-enzyme Q10 is an anti-oxidant and co-factor involved

in mitochondrial electron transfer, and remacemide is a

non-competitive NMDA receptor antagonist. Employing

a randomized, double-blind, placebo-controlled, parallel

Table 19.3 Controlled clinical trials of putative neuroprotective therapies in manifest HD.

Treatment Reference n Design Outcome Results

Creatine Hersch et al., 2006 64 RCT, parallel Safety and

tolerability

Safe and

Tolerable

Creatine Verbessem et al., 2003 41 RCT, parallel UHDRS No benefit

Ethyl EPA Puri et al., 2005 135 RCT parallel UHDRS Total

Motor Score 4

No benefit in ITT

analysis

Minocycline Huntington Study

Group, 2004

60 RCT parallel Safety and

Tolerability

Safe and

tolerable

CoQ10/

Remacemide

Huntington Study

Group, 2001

347 RCT, 2� 2

factorial

TFC Trend towards

slowing with

CoQ

Lamotrigine Kremer et al., 1999 64 RCT, parallel TFC No benefit

OPC 14 117 Huntington Study

Group, 1998

64 RCT, parallel Safety and

Tolerability

Safe and

Tolerable

Idebenone Ranen et al., 1996b 100 RCT, Parallel HD-ADL

QNE No benefit

Alpha

Tocopherol

Peyser et al., 1995 73 RCT, parallel QNE No benefit in ITT

analysis

Baclofen Shoulson et al., 1989b 60 RCT, parallel TFC No benefit
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group 2� 2 factorial design, HSG investigators in the US

and Canada at 23 sites enrolled and evaluated 347 subjects

with early HD for a minimum of 30 months. Research

participants were randomized to one of four treatment

groups: co-enzyme Q10 600mg daily, remacemide 600mg

daily, the combination of both active treatments or placebo.

Total functional capacity (TFC) was the pre-specified

primary outcome. Remacemide did not slow clinical de-

cline; although, a modest anti-choreic effect was observed.

Individuals treated with co-enzyme Q10 showed about a

13% slowing in functional decline compared with indivi-

duals not receiving co-enzyme Q10 (p¼ 0.15), as well as a

benefit on other functional measures. Co-enzyme Q10

600mg/day was not associated with adverse events of any

clinical consequence. Although not statistically significant,

these findings are encouraging and represent the first neu-

roprotective trial to suggest a possible beneficial effect in

HD. Studies in early Parkinson’ disease patients evaluating

dosages of co-enzymeQ10up to 1200mg/day have signaled

slowing of clinical decline (Shults et al., 2002). Co-enzyme

Q10 up to 2400mg/day has been shown to be well tolerated

in HD patients. A long-term placebo-controlled study of

co-enzymeQ10 2400mg/day in early HD patients will soon

begin enrolling.

Other experimental compounds are currently in clinical

trials. Minocycline, a caspase inhibitor and second-gen-

eration tetracycline antibiotic, exerts a variety of anti-

apoptotic, anti-oxidant and anti-excitotoxic properties

that may be of potential neuroprotective benefit in HD

(Chen et al., 2000; Yrjanheikki et al., 1999). Minocycline

has been shown to be effective at delaying mortality in

mouse models of HD (Chen et al., 2000) and is safe

and well tolerated in dosages up to 200mg/day in HD

(Huntington Study Group, 2004). Studies are currently

underway to investigate the efficacy of minocycline in

subjects with early HD (ClinicalTrials.gov Identifier

NCT00277355).

Like co-enzyme Q10, creatine is a nutritional supple-

ment that exerts anti-oxidative effects. Creatine increases

brain phosphocreatine, which diffuses through the cyto-

plasm and buffers energy metabolism by maintaining

cellular ATP levels (Hemmer and Wallimann, 1993). Cre-

atine may have neuroprotective effects in a variety of

disease processes where altered bioenergetic metabolism

plays a pathogenic role. Evidence from animal models

suggests a neuroprotective effect of creatine (Ferrante

et al., 2000; Matthews et al., 1998). Creatine has been

shown to be safe and well tolerated and to reduce serum

measures of oxidative DNA injury in HD patients (Hersch

et al., 2006). Although earlier studies have not shown a

benefit of creatine 5 g/day on HD progression, the study

was small (n¼ 41) and higher dosages of creatine seem to

be well tolerated and may be more effective (Verbessem

et al., 2003). Large longitudinal studies of creatine in

manifest HD to evaluate efficacy are planned and will soon

be underway.

Ethyl EPA is an unsaturated fatty acid that targets

caspase and mitochondrial function. Ethyl EPA did not

show a beneficial response on UHDRS measures of motor

function after one year in subjects randomized to ethyl EPA

or placebo in the intention-to-treat analysis; although, a

post hoc analysis suggested benefit on hyperkinetic motor

performance in a sub-group of research participants (Puri

et al., 2005). A larger placebo-controlled study of ethyl

EPA showed no benefit over six months, although some

benefits were detected during the second six-month open-

label phase among participants whowere assigned to active

ethyl EPA during the initial six-month double-blind phase

(Dorsey and Huntington Study Group, 2007). Similarly a-
tocopherol, a potent anti-oxidant, showed no benefit in

slowing HD progression; however, post hoc analysis sug-

gested a potential benefit in individuals with less severe

disease (Peyser et al., 1995).

A new therapeutic target involves the potential role of

histone de-acetylase (HDAC) inhibitors to favorably influ-

ence transcriptional dysregulation in HD. HDAC inhibitors

have been shown to be powerful tools in arresting and even

reversing polyglutamine-dependent neurodegeneration in

Drosophila (Steffan et al., 2001). HDAC inhibitors have

also been used for the treatment of some types of cancer

(Butler et al., 2000; Warrell et al., 1998). Preliminary data

suggests that these agents may not be as well tolerated in

HD (Hogarth, Lovrecic and Krainc, 2007), but a recently

completed study of phenylbutyrate in HD indicates a

sufficient level of safety and tolerability to consider further

trials of these compounds (Hersch, 2007).

The failure to date of putative neuroprotective agents in

HD may be due to the relatively late initiation of treatment

after irreversible pathogenic processes have developed.

Ideally, neuroprotective therapy would be initiated prior

to the onset of symptoms, while neuropathologic mechan-

isms are potentially more reversible (Gomez-Tortosa et al.,

2001). No studies have yet evaluated potential neuropro-

tective agents in the growing population of pre-manifest

HD though studies of co-enzyme Q10 are planned in this

population. Two large prospective observational studies are

well underway in an attempt to identify sensitive and

specific early precursors of HD onset and correlative

biomarkers These studies will inform about the feasibility

and most efficient methodology for preventive disease-

modifying trials in pre-manifest HD.

The Prospective Huntington At Risk Observational

Study (PHAROS) enrolled 1001 clinically unaffected

adults at risk for HD who have chosen not to undergo

predictive DNA testing (HSG, 2006). Employing a de-

identified procedure to protect the confidentiality of their

genetic status, PHAROS research participants have con-

sented to be followed in a multi-year, double- blinded
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longitudinal study to examine the precursors of clinical

onset and the specificity of emerging phenotype to CAG

repeat length.

Neurobiological Predictors of HD (PREDICT-HD) is a

similarly large prospective observational study that focuses

on unaffected adultswho have chosen to undergo predictive

DNA testing and been informed that they have inherited the

HD gene. PREDICT-HD research participants have con-

sented to be followed prospectively and undergo extensive

cognitive assessments and standardized magnetic reso-

nance imaging (MRI) in order to better determine the

predictive value of quantitative clinical assessments and

emerging biomarkers with respect to the onset of HD

(Paulsen et al., 2006). The clinical and biological markers

of HD onset defined from these and other longitudinal

studies are expected to provide useful endpoints, experi-

ence and biomarkers for experimental therapeutic studies

aimed at postponing the early onset of HD.

Restorative

Restorative approaches to the treatment of HD have fo-

cused on transplantation of fetal tissue (Table 19.4). This

research has been prompted by results in animal models of

HDwhere transplanted striatal cells have been demonstrat-

ed to survive, differentiate, grow and reverse some motor

and behavioral abnormalities (Armstrong et al., 2000;

Nakao and Itakura, 2000; Borlongan et al., 1998).

Implantation of striatal fetal tissue allografts has been

considered relatively safe in HD patients participating in

preliminary, small, uncontrolled trials (Bachoud-Levi

et al., 2000a; Philpott et al., 1997; Hauser et al., 2001;

Rosser et al., 2002). Functional neuroimaging studies have

shown increasedmetabolic activity in some patients treated

with fetal tissue transplantations and long-term follow-up

suggests prolonged survival of these grafts, but not a

sustained clinical benefit (Bachoud-Levi et al., 2000b;

Bachoud-Levi et al., 2006; Keene et al., 2007). Small

improvements inmotor, cognitive and behavioral measures

were seen in some patients (Philpott et al., 1997; Hauser

et al., 2001; Bachoud-Levi et al., 2000). Motor deteriora-

tion and mood alterations have also occurred in some

patients (Bachoud-Levi et al., 2000a; Hauser et al.,

2001). The research experience remains preliminary and

has involved small numbers of patients without blinded

assessments or controlled interventions to adequately eval-

uate the safety and efficacy of transplanting fetal tissue.

Research guidelines for tissue transplantation in HD have

been developed for use in clinical research (Quinn et al.,

1996).

Initial attempts at gene transfer studies have focused on

the feasibility and safety of these procedures. Ciliary

neurotrophic factor (CNTF) has been shown to protect

striatal neurons in HD animal models (Emerich and Winn,

2004) and has been administered intraventricularly in HD

patients (Bloch et al., 2004). Perhaps, the most innovative

approach to restorative therapy has emerged from knowl-

edge about how growth factors, such as brain-derived

neurotrophic factor (BDNF), can coax peri-ventricular

stem cells to become neurons. This process is made more

efficient by overexpressing the Noggin gene that promotes

neuronal differentiation. By using intraventricular admin-

istration of adenovirus vectors to over-express BDNF and

Noggin, investigators have been successful in inducing

neurogenesis of medium-sized spiny neurons that have, in

turn, enhanced performance and survival inHD transgeneic

(R6/2) mice (Cho et al., 2007). Application of this research

to HD will depend on replication in other animal experi-

ments and the development of safe and effectivemethods of

vector administration in humans.

Table 19.4 Restorative trials in manifest HD.

Treatment Reference n Design Outcome Results

Fetal Neural

Transplants

Bachoud-Levi

et al., 2000

5 Open label, parallel

controls

Standardized

neurological, neuro-

psychological,

behavioral

assessments,

FDG18 PET

3 with improved

function, striatal

metabolic activity

Fetal Neural

Transplants

Hauser et al., 2001 7 Open label Feasibility and

safety

3 SDH, 1 death

Fetal Neural

Transplants

Rosser et al.,

2002

4 Open label Feasibility and

safety

Safe, AEs related to

immunotherapy

Intraventricular

CNTF gene therapy

Bloch et al.,

2004

6 Open label Feasibility and

safety

Safe and feasible
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Clinical Care

Predictive and Pre-Natal Testing

With the discovery of the gene, it was presumed that adults

at risk for inheriting the gene would opt for pre-symptom-

atic DNA testing. However, since HD genetic testing has

become available, less than 10% of individuals who are at

immediate risk (50:50) forHDhave chosen to be tested, and

only about 500 predictive DNA tests are performed in the

US annually (Nance et al., 1999). Similar low rates of

testing have been observed in central Europe (Laccone

et al., 1999). Reasons for deciding not to be tested include

an increased risk to offspring if the test were positive, lack

of effective treatment, potential loss of health and life

insurance, costs of testing and inability to “undo” the test

results (Quaid and Morris, 1993). Fears about testing are

understandable. The relief from a negative result is offset

by the grim reality of a positive one. The impact of the

results may affect entire families and reach far beyond the

individual tested (Hayes, 1992).

The impact of genetic testing for HD has been evaluated.

While Wiggins et al. (Wiggins et al., 1992) did not find a

negative psychological impact of predictive testing, others

(Tibben et al., 1993a) have found negative psychosocial

impacts in both those who received positive and negative

test results. Of particular interest are the studies that suggest

a significant proportion of individuals who undergo pre-

dictive genetic testing may fear or experience genetic

discrimination, especially if they are refused employment

or insurance based merely on genetic risk (Alper et al.,

1994; Low, King and Wilkie, 1998; Billings et al., 1992;

Lapham, Kozma and Weiss, 1996).

Pre-natal testing involves either a direct or exclusion

testing. Direct testing involves detection of the actual CAG

expansion and is themost accurate. In exclusion testing, the

at-risk grandparent allele is excluded using linkage analy-

sis, leaving the at-risk parent unaware of their gene status,

therefore remaining nominally at 50% risk. The implication

is that a fetus at high risk will be terminated. Controversy

exists regarding the ethics of pre-natal screening for HD as

individuals live 30 to 50 years prior to the onset of disease,

however, most agree it should remain a personal decision

(Post, 1992). Experiences with pre-natal testing are vari-

able; though studies from Europe, Canada and Australia

suggest it is uncommon (Simpson et al., 2002; Creighton

et al., 2003; Tassicker et al., 2006). In the European

experience, 305 individuals underwent pre-natal testing

between 1993 and 1998 (Simpson et al., 2002). One

hundred thirty-one (43%) of tests were high risk for the

mutation, with eight of these pregnancies continuing. These

children will grow up knowing their genetic status without

being involved in the decision-making. The ramification

of such certainty on these individuals is unknown. Pre-

implantation genetic diagnosis for HD is an alternative to

pre-natal testing that may not carry the same ethical di-

lemmas (Braude et al., 1998).

Clearly the decision to undergo predictive or pre-natal

testing in HD is an exceedingly personal and complex

consideration for individuals, families and caregivers.

There is probably nomore personal and important dilemma

than that facing individuals at nominal 50:50 risk for HD,

who may choose the irreversible decision to learn of their

HD gene carrier status or the emotional burden of under-

going pre-natal testing. Considerable effort and time must

be invested in the education, counseling and ongoing care

of these individuals at risk for HD. It is essential that

individuals undergo skilled genetic and psychological

counseling prior to and after the administration of the test

(Tibben et al., 1993b; Quaid et al., 1989). Finally, the

decision to test must be evaluated within the context of the

family because of the far-reaching implications of HD gene

test results.

Motor Features

The focus of therapy for motor abnormalities in HD has

traditionally been on the control of chorea, which may be

disabling for some patients and largely of cosmetic concern

for others. The functional impact of chorea also varies from

time to time in the same patient. As HD progresses, there is

a natural tendancy for chorea to diminish in intensity and

for dystonia to emerge and predominate (Feigin et al.,

1995). These considerations and the risk of adverse effects

make for a cautious approach in deciding to begin and

continuing to monitor anti-choreic treatment. Blocking

post-synaptic dopaminergic receptors using typical anti-

psychotics, such as haloperidol, have been the mainstay of

treatment for chorea. However the impact of these medica-

tions on mood, spontaneity, swallowing, speech, voluntary

movements and gait may impair function out of proportion

to any improvement in chorea (Shoulson, 1981) At present,

it seems prudent to reserve anti-choreic treatment for those

individuals with prominent chorea that interferes with

functions, activities of daily living, gait and balance, or

results in social isolation.

Amantadine appears to be well tolerated and may be a

useful agent for disabling chorea in HD (VerhagenMetman

et al., 2002). Tetrabenazine, which depletes dopamine

storage in pre-synaptic vesicles, is an effective agent for

reducing the intensity of chorea, but carries the risks of

inducing or exacerbating parkinsonism and depression.

These adverse effects are recognizable and favorably

responsive to reduction or discontinuation of tetrabenazine

dosage (Huntington Study Group, 2006; Jankovic and

Beach, 1997; Jankovic, 1982). Close monitoring of

patients on tetrabenazine (which is now available in the

United States as well as in Europe and Canada) is required.

Despite their wide usage, there are few controlled studies of
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anti-psychotic drugs as anti-choreic agents for HD (Bonelli

and Wenning, 2006). Typical or atypical anti-psychotics

may be considered as anti-choreic treatments, particularly

in individuals with co-morbid psychosis, agitation or

irritability.

Some patients with an akinetic-rigid or parkinsonian

variant of HD may benefit from dopaminergic therapy

(Racette and Perlmutter, 1998; Reuter et al., 2000; Jongen,

Renier and Gabreels, 1980). A carbidopa/levodopa prepa-

ration started at 25/100mg daily and increased gradually

and as tolerated over several weeks may improve mobility.

Co-existing dystonia may intensify, even if chorea remains

stable on dopaminergic treatment. There is some evidence

to support the use of amantadine in HD patients with the

parkinsonian variant of HD (Magnet, Bonelli and Kapf-

hammer, 2004), Dystonia is difficult to treat, but focal

disabling or painful dystonias may be treated judiciously

with skeletal muscle relaxants, benzodiazepines and botu-

linum toxin injections.

Physical therapy, occupational and speech therapy may

be useful in HD patients, but there are no systematic studies

that address long-term benefits.

Cognitive Impairment

Treatments for cognitive dysfunction are largely ineffec-

tive (Peyser et al., 1995; Fernandez et al., 2000; Murman

et al., 1997; Shoulson et al., 1978). Acetylcholinesterase

inhibitors, for example donepezil, may be considered in

patients with memory disturbances. The lowest possible

dose should be initiated and titrated slowly.

Behavioral Features

Depression and suicide are common in HD and are an

important source of morbidity and mortality (Mendez,

1994). Factors associated with suicide in HD are unknown

(Paulsen et al., 2005); however, impulsivity, the fear of

abandonment, social isolation and the availability of harm-

ful agents, as well as depression likely contribute to the

increased risk of suicide attempts and suicide among those

who carry the HD gene. Treatment of depressed HD

patients with selective serotonin re-uptake inhibitors

(SSRIs) appears to be safe and effective (Patel, Tariot and

Asnis, 1996); although, there are no controlled trials to

better inform clinicians. SSRIs may suppress chorea and

reduce aggression in HD (Como et al., 1997; Fava, 1997).

Dosage should be started low and increased as necessary

over a several-month period of observation. There are no

comparatiuve studies of SSRIs in HD. If a patient fails to

respond or does not tolerate one SSRI it may help to switch

to another agent. Sertraline, starting at 25mg/day, may be

useful for depression associated with apathy and somno-

lence. The dosage should be increased gradually and the

patient followed closely for signs of agitation. Paroxetine,

starting at 10mg once daily, or, alternatively, given in the

evening if sedation arises, may be useful for patients with

depression and insomnia. The mixed serotonergic and

noradrenergic reuptake inhibitor, venlafaxine, may also be

useful; however, gastrointestinal side effects may limit its

use. More traditional tricyclic anti-depressants can also be

effective in treating depression in HD (Caine and Shoulson,

1983; Shoulson, 1981; Moldawsky, 1984). The major

limitations with this class are anti-cholinergic side effects.

Mirtazapine may also useful for insomnia associated with

depression (Bonelli, 2003).

SSRIs may be effective in treating other psychiatric and

behavioral disturbances in HD, including chronic anxiety,

obsessive-compulsive symptoms, irritability and agitation,

especially in the setting of depression (Como et al., 1997;

Fava, 1997; Ranen et al., 1996a; Patzold and Brune, 2002;

De Marchi, Daniele and Ragone, 2001). For patients with

obsessive rumination and sleep disturbances, clomipra-

mine 25mg at bedtime may help (Chacko, Corbin and

Harper, 2000). Benzodiazepines such as alprazolam may

also be useful for the treatment of acute or situational

anxiety, or episodic aggressiveness.

Irritability and aggression are common features of the

HD and often take the form of poor control of temper or a

reduced threshold for the development of anger. Patients

mayoverreact to trivial issues andmay be verbally and even

physically abusive. In assessing aggression and irritability,

secondary causes such as paranoia, depression and anxiety

should be sought and treated appropriately (Guttman et al.,

2002; Rosenblatt et al., 2002). In addition to SSRIs and as-

needed benzodiazepines, the anti-convulsant valproic acid

may be useful in treating both aggression and irritability

(Grove, Quintanilla and DeVaney, 2000; Kavoussi and

Coccaro, 1998). Extended release preparations of valproate

allowing twice-daily dosing may enhance compliance.

Liver function tests and valproate levels should be moni-

tored, but there is no clear correlation with drug levels, and

and improvement may occur at “sub-therapeutic” levels.

Propranolol has been reported to reduce aggression in HD

associated with frustration (Stewart, 1993).

Psychosis in the form of delusions, paranoia and even

frank hallucinations may occur in 10 to 15% of patients.

Atypical anti-psychotics including clozapine, quetiapine

and olanzapine seem to exert the fewest neuroleptic side

effects.More traditional neuroleptics are associatedwith an

increased risk of tardive dyskinesia, the propensity to

impair swallowing and gait, and exacerbate dystonia in

HD (van Vugt, van Hilten and Roos, 1996; Jankovic, 1995;

Schott et al., 1989). Clozapine can be useful in treating

psychosis and may improve chorea also (Bonuccelli et al.,

1994; Sajatovic et al., 1991). Its use is limited by the

necessity for weekly blood monitoring and the rare risk

of bone marrow suppression. As with anti-depressants,
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anti-psychotic treatment should be initiated at low dosage,

adjusted gradually, and closely monitored.

Apathy is a common manifestation of HD, but the

treatment of apathy has not been systematically evaluated.

The removal of medications, such as typical anti-psycho-

tics, may improve apathy. Activating medications, such as

methylphenidate ormodafanil have not been systematically

evaluated in HD.

Participation in Research

In the coming years, many new experimental treatments

will be examined in clinical trials involving individuals

with pre-manifest HD, as well as patients with manifest

HD. The opportunity for research participants and their

families to be involved in clinical trials of experimental

compounds is key for advancing scientific knowledge and

facilitating the development of safe and effective treat-

ments. So far, the HD community has been remarkably

willing to participate in clinical research involving multi-

year observational studies and interventional trials. In

addition to ongoing therapeutic trials in manifest HD and

planned trials in pre-manifest HD, the Huntington Study

Group (www.huntington-study-group.org), through the

sponsorship of the High Q Foundation (New York, NY),

is enrolling consenting HD patients and their family mem-

bers in the COHORT observational study, (see www.hun-

tingtonproject.org and www.clinicaltrials.gov), that aims

prospectively to develop biological markers of HD gene

expression and disease progression, improve understanding

of genotype--phenotype relationships, and identify genetic

factors thatmaymodify the onset and course ofHD.Among

families affected by HD, eligible COHORT research par-

ticipants include individuals with manifest HD, individuals

who have chosen to undergo predictive DNA testing and

been found to carry the HD gene (pre-manifest HD) or not,

at-risk individuals who have chosen not to be tested, and

spouses of individuals with manifest or pre-manifest HD.

SUMMARY

The powerful and singular effect of the HD gene mutation,

the associated dose--response effects of the expanded CAG

repeats, improved understanding of the pathogenesis of HD

and the resulting identification of therapeutic targets, the

utility of testing rational agents in animalmodels of HD and

signals emerging from the multi-center co-enzyme Q10

trial (Huntington Study Group, 2001) are accelerating the

pace of therapeutic development in HD and spawningmore

clinical research and trials. In the long term, understanding

the complex mechanisms that occur in the pathogenic

process of HDwill lead to the development of more precise

and effective therapeuticweapons to delay the onset or slow

the progression of the disease. It is anticipated that safe and

effective treatments will be developed in the coming years

to combat the manifold morbidity that is caused by HD.

There is an unmet need for symptomatic treatments as well

as disease-modifying therapies for both manifest and pre-

manifest HD. A rational, comprehensive and scientific

approach, where fundamental and clinical research inform

each other, remains the cornerstone of therapeutics aimed at

relieving the burden and improving the quality of life for

patients and families affected by HD.
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Kokmen, E., Özekmeki, S., Beard, M., O’Brien, P.C. and Kurland,
L. (1994) Incidence and prevalence of Huntington’s disease in
Olmsted County. Minnesota (1950 through 1989). Archives of
Neurology, 51, 696--698.

Koroshetz, W.J., Jenkins, B.G., Rosen, B.R. and Beal, M.F. (1997)
Energy metabolism defects in Huntington’s disease and effects
of coenzyme Q10. Annals of Neurology, 42, 160--165.

Kremer, B., Clark, C.M., Almqvist, E.W. et al. (1999) Influence
of lamotrigine on progression of early Huntington’s disease.
A randomized clinical trial. Neurology, 53, 1000--1011.

Laccone, F., Engel, U., Holinski-Feder, E. et al. (1999) DNA
analysis of Huntington’s disease. Five years of experience in
Germany, Austria and Switzerland. Neurology, 53, 801--806.

Landwehrmeyer, G.B., McNeil, S.M., Dure, L.S. et al. (Feb 1995)
Huntington’s disease gene: regional and cellular expression in
brain of normal and affected individuals. Annals of Neurology,
37, 218--230.

Langbehn, D.R. and Paulsen, J.S. The Huntington Study Group
(May 15 2007) Predictors of diagnosis in Huntington’s disease.
Neurology, 68, 1710--1717.

Lanska,D.J., Lavine, L., Lanska,M.J. andSchoenberg, B.S. (1988)
Huntington’s disease mortality in the United States. Neurology,
38, 769--772.

Lapham, E.V., Kozma, C. and Weiss, J.O. (1996) Genetic dis-
crimination: perspectives of consumers. Science, 274, 621--624.

Lawrence, A.D., Sahakian, B., Hodges, J.R., Rosser, A.E.,
Lange, K.W. and Robbins, T.W. (1996) Executive and mne-
monic functions in early Huntington’s disease. Brain, 119,
1633--1645.

Lawrence, A.D., Weeks, R.A., Brooks, D.J. et al. (1998a) The
relationship between striatal dopamine receptor binding and
cognitive performance in Huntington’s disease. Brain, 121,
1343--1355.

Lawrence,A.D.,Hodges, J.R., Rosser,A.E. et al. (1998b)Evidence
for specific cognitive deficits in preclinical Huntington’s dis-
ease. Brain, 121, 1329--1341.

Leopold, N. and Kagel, M. (1985) Dysphagia in Huntington’s
disease. Archives of Neurology, 42, 57--60.

Leopold, N.A. and Podolsky, S. (1975) Exaggerated growth hor-
mone response to arginine infusion in Huntington’s disease. The
Journal of Clinical Endocrinology and Metabolism, 41,
160--163 Abstract.

Lermontova, N.N., Lukoyanov, N.V., Serkova, T.P., Lukoyanova,
E.A. and Bachurin, S.O. (2000) Dimebon improves learning in
animals with experimental Alzheimer’s disease. Bulletin of
Experimental Biology and Medicine, 129, 544--546.

Levy, M.L., Cummings, J.L., Fairbanks, L.A. et al. (1998) Apathy
is not depression. Journal of Neuropsychiatry and Clinical
Neurosciences, 10, 314--319.

31119: HUNTINGTON’S DISEASE



Louis, E.D., Lee, P., Quinn, L. and Marder, K. (1999) Dystonia in
Huntington’s disease: Prevalence and clinical characteristics.
Movement Disorders, 14, 95--101.

Low, L., King, S. and Wilkie, T. (1998) Genetic discrimination in
life insurance: empirical evidence from a cross sectional survey
of genetic support groups in theUnitedKingdom.BMJ (Clinical
research ed), 317, 1632--1635.

Magnet, M.K., Bonelli, R.M. and Kapfhammer, H.P. (Jul 1 2004)
Amantadine in the Akinetic-Rigid Variant of Huntington’s
Disease. Annals of Pharmacotherapy, 38, 1194--1196.

Mangiarini, L., Sathasivam, K., Seller, M. et al. (1996) Exon 1 of
the HD gene with an expanded CAG repeat is sufficient to cause
a progressive neurological phenotype in transgenic mice. Cell,
87, 493--506.

Marder, K. (2007)Huntington StudyGroupPHAROS Investigators.
Cross-sectional assessment of diet in individuals at risk for
Huntington’s disease (PHAROS).Neurology,68,A230.Abstract.

Matthews, R.T., Yang, L., Jenkins, B.G. et al. (1998) Neuropro-
tective effects of creatine and cyclocreatine in animal models of
Huntington’sdisease.TheJournalofNeuroscience,18,156--163.

Mayberg, H.S., Starkstein, S.E., Peyser, C.E., Brandt, J., Dannals,
R.F. and Folstein, S.E. (1992) Paralimbic frontal lobe hypome-
tabolism in depression associated with Huntington’s disease.
Neurology, 42, 1791--1797.

McCusker, E.,Richards, F., Sillence,D.,Wilson,M. andTrent,R.J.
(Jan 2000) Huntington’s disease: neurological assessment of
potential gene carriers presenting for predictive DNA testing.
Journal of Clinical Neuroscience, 7, 38--41.

Mendez, M.F. (1994) Huntington’s disease: update and review of
neuropsychiatric aspects. International Journal of Psychiatry in
Medicine, 24, 189--208.

Mitchell, I.J., Cooper,A.J. andGriffiths,M.R. (1999)The selective
vulnerability of striatopallidal neurons. Progress in Neurobiol-
ogy, 59, 691--719.

Moldawsky, R.J. (1984) Effect of amoxapine on speech in a patient
with Huntington’s disease. American Journal of Psychiatry,
141, 150.

Morris, M. (1995) Dementia and cognitive changes in
Huntington’s disease, in Behavioral Neurology of Movement
Disorders (eds W.J. Weiner and A.E. Lang), Raven Press,
New York, pp. 187--200.

Murman,D.L., Giordani, B.,Mellow,A.M. et al. (1997)Cognitive,
behavioral, andmotor effects of theNMDAantagonist ketamine
in Huntington’s disease. Neurology, 49, 153--161.

Nakao, N. and Itakura, T. (2000) Fetal tissue transplants in animal
models of Huntington’s disease: the effects on damaged neuro-
nal circuitry and behavioral deficits. Progress in Neurobiology,
61, 313--338.

Nance, M. (1997) Genetic testing of children at risk for
Huntington’s disease. Neurology, 49, 1048--1053.

Nance, M.A. and Myers, R.H. The US Huntington’s Disease
Genetic Testing Group (1999) Trends in predictive and prenatal
testing for Huntington’s disease 1993--1999. American Journal
of Human Genetics, 65, A406.

Nasir, J., Floresco, S.B., O’Kusky, J.R. et al. (Jun 2 1995) Targeted
disruption of the Huntington’s disease gene results in embryonic
lethality and behavioral and morphological changes in hetero-
zygotes. Cell, 81, 811--823.

Nucifora, F.C., Sasaki, M., Peters, M.F. et al. (2001) Interference
by huntingtin and atrophin-1 with CBP-mediated transcription
leading to cellular toxicity. Science, 291, 2423--2428.

O’Suilleabhain, P. and Dewey, R.B. Jr (Jul 1 2003) A Randomized
Trial of Amantadine in Huntington’s Disease. Archives of
Neurology, 60, 996--998.

Oepen, G., Clarenbach, P. and Thoden, U. (1981) Distrubance of
eye movements in Huntington’s chorea. Archiv fur Psychiatrie
und Nervenkrankheiten, 229, 205--213.

Oliva, D., Carella, F., Savoiardo, M. et al. (1993) Clinical and
magnetic resource features of the classic and akinetic-rigid
variants of Huntington’s disease. Archives of Neurology, 50,
17--19.

Panov,A.V.,Gutekunst, C.A., Leavitt, B.R. et al. (Aug 2002) Early
mitochondrial calcium defects in Huntington’s disease are a
direct effect of polyglutamines. Nature Neuroscience, 5,
731--736.

Patel, S.V., Tariot, P.N. and Asnis, J. (1996) L-Deprenyl augmen-
tation of fluoxetine in a patient with Huntington’s disease.
Annals of Clinical Psychiatry, 8, 23--26.

Patzold, T. andBrune,M. (2002)Obsessive compulsive disorder in
huntington disease: a case of isolated obsessions successfully
treated with sertraline. Neuropsychiatry Neuropsychology and
Behavioral Neurology, 15, 216--219.

Paulsen, J.S., Zhao, H., Stout, J.C. et al. (2001) Clinical markers of
early disease in persons near onset of Huntington’s disease.
Neurology, 57, 658--662.

Paulsen, J.S., Hoth, K.F., Nehl, C. and Stierman, L. (2005) Critical
periods of suicide risk in Huntington’s disease. The American
Journal of Psychiatry, 162, 725--731.

Paulsen, J.S., Hayden, M., Stout, J.C. et al. (2006) Preparing for
preventive clinical trials: The Predict-HD study. Archives of
Neurology, 63, 890.

Paulson, G.W. (1979) Diagnosis of Huntington’s disease, in
Huntington’s Disease (eds T.N. Chase, N.S. Wexler and
A. Barbeau), Raven Press, New York, pp. 177--184.

Penney, J.B., Young, A.B., Shoulson, I. et al. (1990) Huntington’s
disease in Venezuela: 7 years of follow up on symptomatic and
asymptomatic individuals. Movement Disorders, 5, 93--99.

Perry, T.L., Hansen, S. and Kloster, M. (1973) Huntingtion’s
chorea. Deficiency of gamma-aminobutyric acid in brain.
New England Journal of Medicine, 288, 337--342.

Petersen, A. and Bjorkqvist, M. (Aug 21 2006) Hypothalamic-
endocrine aspects in Huntington’s disease. The European Jour-
nal of Neuroscience, 24, 961--967.

Peyser, C.E., Folstein, M., Chase, G.A. et al. (1995) Trial of
d-alpha-tocopherol in Huntington’s disease. The American
Journal of Psychiatry, 152, 1771--1775.

Philpott, L.M., Kopyov, O.V., Lee, A.J. et al. (1997) Neuropsy-
chological functioning following fetal striatal transplantation in
Huntington’s chorea: three case presentations. Cell Transplan-
tation, 6, 203--212.

Pillon, B., Dubois, B., Ploska, A. and Agid, Y. (1991) Severity
and specificity of cognitive impairment in Alzheimer’s,
Huntington’s, and Parkinson’s diseases and progressive supra-
nuclear palsy. Neurology, 41, 634--643.

Podolsky, S. and Leopold, N.A. (1977) Abnormal glucose toler-
ance and arginine tolerance tests in Huntington’s disease.
Gerontology, 23, 55--63, Abstract.

Podolsky, S., Leopold, N.A. and Sax, D.S. (1972) Increased
frequency of diabetes mellitus in patients with Huntington’s
chorea. Lancet, 1, 1356--1358, Abstract.

Post, S.G. (1992) Huntington’s disease: prenatal screening for late
onset disease. Journal of Medical Ethics, 18, 75--78.

Pratley, R.E., Salbe, A.D., Ravussin, E. and Caviness, J.N. (2000)
Higher sedentary energy expenditure in patients with
Huntington’s disease. Annals of Neurology, 47, 64--70.

Puri, B.K., Leavitt, B.R., Hayden, M.R. et al. (Jul 26 2005) Ethyl-
EPA in Huntington’s disease: A double-blind, randomized,
placebo-controlled trial. Neurology, 65, 286--292.

312 CHOREA, TICS AND OTHER MOVEMENT DISORDERS



Quaid, K.A. and Morris, M. (1993) Reluctance to undergo predic-
tive testing: the case of Huntington’s disease. American Journal
of Medical Genetics, 45, 41--45.

Quaid, K.A., Brandt, J., Faden, R.R. and Folstein, S.E. (1989)
Knowledge attitude, and the decision to be tested for
Huntington’s disease. Clinical Genetics, 36, 431--438.

CAPIT-HD committee, Quinn, N., Brown, R. et al. (1996) Core
assessment program for intracerebral transplantation in
Huntington’s disease (CAPIT-HD).Movement Disorder Socie-
ty, 11, 143--150.

Racette, B.A. and Perlmutter, J.S. (1998) Levodopa responsive
parkinsonism in an adult with Huntington’s disease. Journal of
Neurology, Neurosurgery, and Psychiatry, 65, 577--579.

Ranen, N.G., Lipsey, J.R., Treisman, G. and Ross, C.A. (1996a)
Sertraline in the treatment of severe aggressiveness in
Huntington’s disease. Journal of Neuropsychiatry and Clinical
Neurosciences, 8, 338--340.

Ranen, N.G., Peyser, C.E., Coyle, J.T. et al. (1996b) A controlled
trail of idebenone in Huntington’s disease. Movement Disor-
ders, 11, 549--554.

Rasmussen, A., Macias, R., Yescas, P., Ochoa, A., Davila, G. and
Alonso, E. (2000) Huntington’s disease in children: Genotype-
Phenotype correlation. Neuropediatrics, 31, 190--194.

Reiner, A., Albin, R.L., D’Amato, C., Penney, J.B. and Young, A.
B. (1988) Differential loss of striatal projection neurons in
Huntington’s disease. Proceedings of the National Academy of
Sciences of the United States of America, 85, 5733--5737.

Reuter, I., Hu, M.T., Andrews, T.C., Brooks, D.J., Clough, C. and
Chaudhuri, K.R. (2000) Late onset levodopa responsive
Huntington’s disease with minimal chorea masquerading as
Parkinson plus syndrome. Journal of Neurology Neurosurgery
& Psychiatry, 68, 238--241.

Ribai, P.,Nguyen,K.,Hahn-Barma,V. et al. (2006)Psychiatric and
cognitive difficulties as indicators of juvenile Huntington’s
disease onset in 29patients.Archives ofNeurology,64, 813--819.

Richfield, E.K., Maguire-Zeiss, K.A., Vonkemank, H.E. and
Voorn, P. (1995) Preferential loss of preproenkephalin versus
preprotachykinin neurons from the striatum of Huntington’s
disease patients. Annals of Neurology, 38, 852--861.

Roizin, L., Stellar, S., Willson, N.,Whittier, J. and Liu, J.C. (1974)
Electron microscope and enzyme studies in cerebral biopsies of
Huntington’s chorea. Transactions of the American Neurologi-
cal Association, 99, 240--243.

Roos, R.A., Vegter-Van der Vlis,M., Hermans, J. et al. (1991) Age
at onset in Huntington’s disease: Effect of line of inheritance
of patient’s sex. Medizinische Genetik: Mitteilungsblatt des
Berufsverbandes Medizinische Genetik eV, 28, 515--519.

Rosenberg,N.K., Sorenson, S.A. andChristensen,A.L. (Aug1995)
Neuropsychological characteristics of Huntington’s disease
carriers: a double blind study. Journal of Medical Genetics,
32, 600--604.

Rosenblatt, A., Anderson, K., Goumeniouk, D. et al. (2002)
Clinical management of aggression and frontal syndromes in
Huntington’s disease. In: Bedard M.A., Agid Y., Chouinard S.,
Fahn S., Korczyn A. and Lesperance P. (eds.), Mental and
Behavioral Dysfunction in Movement Disorders, Totowa, NJ:
Humana Press.

Ross, C.A. (Dec 1997) Intranuclear Neuronal Inclusions: A
Common Pathogenic Mechanism for Glutamine-Repeat Neuro-
degenerative Diseases? Neuron, 19, 1147--1150.

Ross, C.A. (Jul 9 2004) Huntington’s Disease: New Paths to
Pathogenesis. Cell, 118, 4--7.

Ross, C.A. and Poirier, M.A. (2004) Protein aggregation and
neurodegenerative disease. Nature Medicine, 10, S10--S14,
Abstract.

Ross, C.A. and Thompson, L.M. (Nov 2006) Transcription meets
metabolism in neurodegeneration. Nature Medicine, 12,
1239--1241.

Rosser, A.E., Barker, R.A., Harrower, T. et al. (Dec 1 2002)
Unilateral transplantation of human primary fetal tissue in four
patients with Huntington’s disease: NEST-UK safety report
ISRCTN no 36485475. Journal of Neurology, Neurosurgery,
and Psychiatry, 73, 678--685.

Rothlind, J.C., Brandt, J., Zee, D., Codori, A.M. and Folstein, S.
(Aug 1993) Unimpaired verbal memory and oculomotor control
in asymptomatic adultswith the geneticmarker forHuntington’s
disease. Archives of Neurology, 50, 799--802.

Saft, C., Andrich, J., Meisel, N.M., Przuntek, H. and Muller, T.
(2006) Assessment of simple movements reflects impairment in
Huntington’s disease. Movement Disorders, 21, 1208--1212.

Sajatovic, M., Verbanac, P., Ramirez, L.F. and Meltzer, H.Y.
(1991) Clozapine treatment of psychiatric symptoms resistant
to neuroleptic treatment in patients with Huntington’s chorea.
Neurology, 41, 156.

Sapp, E., Ge, P., Aizawa, H. et al. (1995) Evidence for a preferen-
tial loss of enkephalin immunoreactivity in the external globus
pallidus in low gradeHuntington’s disease using high resolution
image analysis. Neuroscience, 64, 397--404.

Sapp, E., Schwarz, C., Chase, K. et al. (1997) Huntingtin localiza-
tion in brains of normal and Huntington’s disease patients.
Annals of Neurology, 42, 604--612.

Saudou, F., Finkbeiner, S., Devys, D. and Greenberg, M.E. (1998)
Huntingtin acts in the nucleus to induce apoptosis but death does
not correlate with the formation of intranuclear inclusions. Cell,
95, 55--66.

Scherzinger, E., Lurz, R., Turmaine, M. et al. (Aug 8 1997)
Huntingtin-encoded polyglutamine expansions form amyloid-
like protein aggregates in vitro and in vivo. Cell, 90,
549--558.

Schoenfeld, M., Myers, R.H., Cupples, L.A., Berkman, B., Sax, D.
S. and Clark, E. (1984) Increased rate of suicide among patients
with Huntington’s disease. Journal of Neurology, Neurosur-
gery, and Psychiatry, 47, 1283--1287.

Schott, K., Ried, S., Stevens, I. and Dichgans, J. (1989) Neuro-
leptically induced dystonia in Huntington’s disease: a case
report. European Neurology, 29, 39--40.

Seong, I.S., Ivanova, E., Lee, J.M. et al. (Oct 1 2005) HD CAG
repeat implicates a dominant property of huntingtin in mito-
chondrial energy metabolism. Human Molecular Genetics, 14,
2871--2880.

Shelton, P.A. and Knopman, D.S. (1991) Ideomotor apraxia in
Huntington’s disease. Archives of Neurology, 48, 35--41.

Shiwach, R.S. and Norbury, C.G. (Oct 1994) A controlled psychi-
atric study of individuals at risk forHuntington’s disease.British
Journal of Psychiatry, 165, 500--505.

Shoulson, I. (1981) Huntington’s disease: Functional capacities in
patient’s treated with neuroleptic and antidepressant drugs.
Neurology, 31, 1333--1335.

Shoulson, I. (1998) DATATOP: a decade of neuroprotective
inquiry. Parkinson Study Group. Deprenyl and tocopherol anti-
oxidative therapy of parkinsonism. Annals of Neurology, 44,
S160--S166.

Shoulson, I., Goldblatt, D., Charlton, M. and Joynt, R.J. (1978)
Huntington’s disease: treatment with muscimol; a GABA-
mimetic drug. Annals of Neurology, 4, 279--284.

Shoulson, I., Kurlan, R. and Rubin, A. (1989a) Assessment of
functional capacity in neurodegenerative movement disorders:
Huntington’s disease as a prototype, in Quantification of Neu-
rologic Deficit (ed. T.L. Munsat) Butterworths, Boston,
pp. 285--306.

31319: HUNTINGTON’S DISEASE



Shoulson, I., Odoroff, C., Oakes, D. et al. (1989b) A controlled
clinical trial of baclofen as protective therapy in early
Huntington’s disease. Annals of Neurology, 25, 252--259.

Shults, C.W., Oakes, D., Kieburtz, K. et al. (2002) Effects of
coenzyme Q10 in early Parkinson’ disease: evidence of
slowing of the functional decline. Archives of Neurology,
59, 1541--1550.

Siemers, E., Foroud, T., Bill, D.J. et al. (Jun 1996) Motor changes
in presymptomatic Huntington’s disease gene carriers. Archives
of Neurology, 53, 487--492.

Siesling, S., Vegter-van der Vlis, M. and Roos, R.A.C. (Jul 1997)
Juvenile Huntington’s disease in the Netherlands. Pediatric
Neurology, 17, 37--43.

Siesling, S., van Vugt, J.P., Zwinderman, A.H., Kieburtz, K. and
Roos, R.A. (1998) Unified Huntington’s Disease Rating Scale:
A follow up. Movement Disorders, 13, 915--919.

Simpson, S.A., Zoeteweij, M.W., Nys, K. et al. (2002) Prenatal
testing for Huntington’s disease: a European collaborative
study. European Journal of Human Genetics, 10, 689--693.

Snowden, J.S., Craufurd, D., Thompson, J. and Neary, D. (2002)
Psychomotor executive and memory function in preclinical
Huntington’s disease. Journal of Clinical and Experimental
NeuroPsychology, 24, 133--145.

Sotrel, A., Paskevich, P.A., Kiely, D.K., Bird, E.D., Williams,
R.S. and Myers, R.H. (1991) Morphometric analysis of the
prefrontal cortex in Huntington’s disease. Neurology, 41,
1117--1123.

Squitieri, F., Berardelli, A., Nargi, E. et al. (2000) Atypical
movement disorders in the early stages of Huntington’s disease:
clinical and genetic analysis. Clinical Genetics, 58, 50--56.

Squitieri, F., Pustorino, G., Cannella, M. et al. (2003) Highly
disabling cerebellar presentation in Huntington’s disease. Eu-
ropean Journal of Neurology, 10, 443--444.

Steffan, J.S., Bodai, L., Pallos, J. et al. (2001) Histone deacetylase
inhibitors arrest polyglutamine-dependent neurodegeneration in
Drosophila. Nature, 413, 739--743.

Stewart, J.T. (1993) Huntington’s disease and propanolol. Ameri-
can Journal of Psychiatry, 150, 166--167.

Strauss, M.E. and Brandt, J. (Aug 1990) Are there neuropsycho-
logic manifestations of the gene for Huntington’s disease in
asymptomatic, at-risk individuals? Archives of Neurology, 47,
905--908.

Tabrizi, S.J., Cleeter, M.W.J., Xuereb, J., Taanman, J.W., Cooper,
J.M. and Schapira, A.H. (1999) Biochemical abnormalities and
excitotoxicity in Huntington’s disease brain. Annals of Neuro-
logy, 45, 25--32.

Tan, E., Jankovic, J. andOndo,W. (2000)Bruxism inHuntington’s
disease. Movement Disorders, 15, 171--173.

Tanner, C.M. and Goldman, S.M. (1994) Epidemiology of move-
ment disorders. Current Opinion in Neurology, 7, 340--345
Abstract.

Tassicker, R.J., Marshall, P.K., Liebeck, T.A., Keville, M.A.,
Singaram, B.M. and Richards, F.H. (2006) Predictive pre-natal
testing for Huntington’s Disease in Australia: results and chal-
lenges encountered during a 10-year period [1994--2003]. Clin-
ical Genetics, 70, 480--489.

Telenius, H., Kremer, B., Goldberg, Y.P. et al. (Apr 1994) Somatic
and gonadal mosaicism of the Huntington’s disease gene CAG
repeat in brain and sperm. Nature Genetics, 6, 409--414.

Tian, J.R., Zee,D., Lasker,A.G. andFolstein, S. (1991)Saccades in
Huntington’s disease: Predictive tracking and interaction be-
tween release of fixation and initiation of saccades. Neurology,
41, 875--881.

Tibben,A., Frets, P., van deKamp, J. et al. (1993a)On attitudes and
appreciation 6 months after predictive DNA testing for

Huntington’s disease in the Dutch program. American Journal
of Medical Genetics, 48, 103--111.

Tibben, A., Duivenvoorden, H., Vegter-Van der Vlis, M. et al.
(1993b) Presymptomatic DNA testing for Huntington’s disease:
Identifying the need for psychological intervention. American
Journal of Medical Genetics, 48, 137--144.

van Dijk, G., Van der Velde, E.A., Roos, R.A. and Bruyn, G.
(1986) Juvenile Huntington’s disease. Human Genetics, 73,
235--239.

van Vugt, J.P., vanHilten, B.J. and Roos, R.A. (1996) Hypokinesia
in Huntington’s disease. Movement Disorders, 11, 384--388.

vanVugt, J.P.P., Siesling, S., Vergeer,M., Van derVelde, E.A. and
Roos, R.A.C. (Jul 1 1997) Clozapine versus placebo in
Huntington’s disease: a double blind randomised comparative
study. Journal of Neurology, Neurosurgery, and Psychiatry, 63,
35--39.

Verbessem, P., Lemiere, J., Eijnde, B.O. et al. (Oct 14 2003)
Creatine supplementation in Huntington’s disease: A placebo-
controlled pilot trial. Neurology, 61, 925--930.

Verhagen Metman, L., Morris, M.J., Farmer, C. et al. (Sep 10
2002) Huntington’s disease: A randomized, controlled trial
using the NMDA-antagonist amantadine. Neurology, 59,
694--699.

Vonsattel, J.P., Myers, R.H., Stevens, T.J., Ferrante, R.J., Bird, E.
D. and Richardson, E.P. Jr, (1985) Neuropathological classifi-
cation of Huntington’s disease. Journal of Neuropathology and
Experimental Neurology, 44, 559--577.

Warrell, R.P., He, L., Richon, V., Calleja, E. and Pandolfi, P.P.
(1998) Therapeutic targeting of transcription in acute pro-
myelocytic leukemia by use of an inhibitor of histone
deacetylase. Journal of the National Cancer Institute, 90,
1621--1625.

Watkins, L., Rogers, R.D., Lawrence, A.D., Sahakian, B., Rosser,
A. and Robbins, T.W. (2000) Impaired planning but intact
decision making in early Huntington’s disease: implications for
specific fronto-striatal pathology. Neuropsychologia, 38,
1112--1125.

Wellington, C.L., Leavitt, B.R. and Hayden, M.R. (2000)
Huntington’s disease: new insights on the role of huntingtin
cleavage. Journal of Transmission supp, 58, 1--17.

Wexler, N.S. (1979) Perceptual-motor, cognitive, and emotional
characteristics of persons at risk for Huntington’s disease, in
Huntington’s Disease (eds T.N. Chase, N.S. Wexler and A.
Barbeau), Raven Press, New York, pp. 257--271.

TheU.S.-Venezuela Collaborative Research Project,Wexler, N.S.
and Lorimer, J. et al., (Mar 9 2004) Venezuelan kindreds reveal
that genetic and environmental factors modulate Huntington’s
disease age of onset. PNAS, 101, 3498--3503.

Weydt, P., Pineda, V.V., Torrence, A.E. et al. (Nov 2006) Thermo-
regulatory and metabolic defects in Huntington’s disease trans-
genic mice implicate PGC-1[alpha] in Huntington’s disease
neurodegeneration. Cell Metabolism, 4, 349--362.

Wiggins, S., Whyte, P., Huggins, M. et al. (1992) The psychologi-
cal consequences of predicitve testing for Huntington’s disease.
New England Journal of Medicine, 327, 1401--1405.

Wilson, R.S. and Garron, D.C., (1979) Cognitive affective aspects
of Huntington’s disease, in Huntington’s Disease (eds T.N.
Chase, N.S. Wexler and A. Barbeau), Raven Press, New York,
pp. 193--201.

Young, A.B., Shoulson, I., Penney, J.B. et al. (1986) Huntington’s
disease in Venezuela: neurologic features and functional
decline. Neurology, 36, 244--249.

Yrjanheikki, J., Tikka, T., Keinanen, R., Goldsteins, G., Chan, P.H.
and Koistinaho, J. (1999) A tetracycline derivative, minocy-
cline, reduces inflammation and protects against focal cerebral

314 CHOREA, TICS AND OTHER MOVEMENT DISORDERS



ischemia with a wide therapeutic window. Proceedings of the
National Academy of Sciences of the United States of America,
96, 13496--13500.

Zeron, M.M., Chen, N., Moshaver, A. et al. (Jan 2001) Mutant
Huntingtin Enhances Excitotoxic Cell Death. Molecular and
Cellular Neuroscience, 17, 41--53.

Zeron, M.M., Fernandes, H.B., Krebs, C. et al. (Mar 2004)
Potentiation of NMDA receptor-mediated excitotoxicity linked

with intrinsic apoptotic pathway in YAC transgenic mouse
model of Huntington’s disease.Molecular and Cellular Neuro-
science, 25, 469--479.

Zucker, B., Luthi-Carter, R., Kama, J.A. et al. (Jan 15 2005)
Transcriptional dysregulation in striatal projection- and inter-
neurons in a mouse model of Huntington’s disease: neuronal
selectivity and potential neuroprotective role of HAP1. Human
Molecular Genetics, 14, 179--189.

31519: HUNTINGTON’S DISEASE





20

Chorea
Francisco Cardoso

Neurology Service, Internal Medicine Department, The Federal University of Minas Gerais Medical School,

Belo Horizonte, MG, Brazil

INTRODUCTION

Chorea, derived from the Latin choreus meaning “dance,”

describes a syndrome characterized by brief, abrupt invol-

untary movements resulting from a continuous flow of

random muscle contractions. The pattern of movement

may sometimes appear playful, conveying a feeling of

restlessness to the observer. When choreic movements are

more severe, assuming a flinging, sometimes violent, char-

acter, they are called ballism (Cardoso et al., 2006).

Regardless of its etiology, chorea has the same features.

The differential diagnosis of choreic syndromes thus relies

not so much on differences in the phenomenology of the

hyperkinesia but the presence of accompanying findings.

First noted in the Middle Ages, the most common illness

was perhaps the post-infectious chorea now known as

Sydenham chorea (SC). Although the latter was first clearly

described by Thomas Sydenham in 1686, the casual rela-

tionship of this form of chorea with streptococcal infection

was only firmly established in the middle of the twentieth

century (Taranta and Stollerman, 1956). There were also

outbreaks of “dancing mania,” a psychiatric condition

coinciding with epidemics of the plague in Central Europe

(Goetz, Chmura and Lanska, 2001). In the nineteenth

century the concise report by George Huntington on af-

fected families in the state of New York led to a clear

recognition of hereditary chorea, which would be later,

named after him (Huntington, 1872). The bookOn Chorea

andChoreiformAffectations, published in 1894 byWilliam

Osler, is a landmark in the study of choreas because of

the establishment of distinct clinical differences between

SC and Huntington disease (HD) (Goetz, 2000). Currently

there is the acknowledgment of the existence of a

large number of hereditary and non-hereditary causes of

chorea. Table 20.1 lists themost important causes of chorea.

The aim of this chapter is to provide an overview of

classification, clinical manifestations and pathophysiology,

as well as the management of the most important causes of

chorea.

CLINICAL PRESENTATION
AND PREVALENCE

This section contains a discussion of the clinical features of

the most frequent causes of chorea. Although there are no

community-based studies available regarding the preva-

lence and incidence of choreas as a whole, there is infor-

mation regarding the situation in tertiary care centers.

According to a recent study from Pennsylvania, SC

accounts for almost 100% of acute cases of chorea seen

in children (Zomorrodi and Wald, 2006). In contrast, the

situation is quite distinct in adult patients. Although no data

are available, it is most likely that levodopa-induced chorea

in Parkinson’s disease patients is themost common cause of

chorea seen by neurologists. This issue, however, is dis-

cussed in other chapters of this book. HD is the most

frequent cause of genetic chorea with reported prevalence

rates in North America and Europe ranging from 3 to 7 per

100 000 (Cardoso et al., 2006). The other genetic conditions

causing chorea (Table 20.2) are quite rare. One study of

consecutive patients with non-genetic forms of chorea seen

at a tertiary hospital found that stroke accounted for 50% of

all cases, drug abuse was identified in one-third of the

patients, while the remaining patients had chorea related to

AIDS and other infections, as well as metabolic problems

(Piccolo et al., 2003).

Genetic Causes of Chorea

HD is an illness transmitted in an autosomal-dominant

manner, typically characterized by a movement disorder,

including chorea, cognitive decline and behavioral

changes. Carriers of the mutated HD gene typically first
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develop symptoms in the mid-thirties to mid-forties, but

age of onset for HD ranges from early childhood to the

seventies and eighties. Childhood- and juvenile-onset of

HD, before the age of 20, is known as Westphal variant.

Although chorea is the prototypical movement disorder in

HD and usually present with middle-age or elderly onset,

the motor impairment in HD can be quite heterogeneous,

including eye movement abnormalities, parkinsonian fea-

tures and dystonia (particularly in juvenile HD or advanced

disease), myoclonus, tics, ataxia, dysarthria and dysphagia,

as well as spasticity with hyper-reflexia and extensor

plantar responses (Leigh et al., 1983; Carella et al.,

1993; Jankovic and Ashizawa, 1995; Reuter et al., 2000;

Tan, Jankovic and Ondo, 2000). Behavioral and cognitive

impairment is universal in HD and may occasionally ante-

date motor manifestations. Depression is present in up to

40% of patients and responsible for increased suicide rates

in HD. The spectrum of behavioral abnormalities in HD is

broad and includes anxiety or panic attacks, obsessive

compulsive symptoms, manic features, psychosis, irritabil-

ity and aggressive behavior, and sexual disinhibition, as

well as apathy (Caine and Shoulson, 1983; Mendez, 1994;

Schoenfeld et al., 1984; Shiwach, 1994; Rosenblatt and

Leroi, 2000; Rosenblatt et al., 2003; Guttman et al., 2003).

Patients with HD invariably develop dementia with a

subcortical pattern whose clinical features include brady-

phrenia, decreased verbal fluency and a frontal dysexecu-

tive syndrome (Lawrence et al., 1996; Kirkwood et al.,

2001; Ho et al., 2003). HD is relentlessly progressive with

death occurring 15--20 years after symptom onset, with

particularly rapid progression in the juvenile Westphal

variant. End-stage HD patients are typically rigid and

akinetic, demented and mute. Immobility and dysphagia

often lead to aspiration pneumonia, themost common cause

of death in this illness (Lanska et al., 1988; Sorensen and

Fenger, 1992; Marshall, 2004). Further details of HD are

provided in Chapter 19 of this book.

Up to 7% of patients with otherwise typical features of

HD do not have the Huntington gene mutation (Andrew

et al., 1994; Stevanin et al., 2002). Such HD-like disorders

are genetically heterogeneous and include some autosomal

dominant heredoataxias, Huntington’s disease-like 2

(HDL2), neuroacanthocytosis and benign hereditary chorea

(BHC) (Breedveld et al., 2002; Stevanin et al., 2002;

Margolis and Ross, 2003; Bauer et al., 2004). HDL2 caused

by mutations in the gene encoding junctophilin-3 bears

striking resemblance to HD. Although generally rare, the

prevalence of HDL2 seems to be higher among individuals

of African ancestry, and is similarly as common as HD in

black South Africans. From a clinical point of view, the

diagnosis of HDL2 should be strongly considered in in-

dividuals of African descendent with an autosomal domi-

nant HD-like disorder. (Walker et al., 2003;Margolis et al.,

2004) The core neuroacanthocytosis syndromes include

autosomal recessive chorea-acanthocytosis (ChAc) and the

X-linked McLeod syndrome (MLS), although rarely,

HDL2 and pantothenate-kinase-associated neurodegenera-

tion (PKAN) can also cause this syndrome (Danek et al.,

2005; Walker et al., 2007). Other rare genetic causes of

chorea are listed in Table 20.2 (Laplanche et al., 1999;

Moore et al., 2001). Recently the incidence of BHC has

Table 20.1 Etiological classification of Chorea.

Genetic Choreas (See Table 20.2 for details)

Non-Genetic Choreas

Vascular Choreas

- Vascular chorea in stroke (hemichorea-hemiballism)

- Post-pump chorea

Autoimmune Choreas

- Sydenham chorea and variants (chorea gravidarum

and oral contraceptive-induced chorea)

- Systemic lupus erythematosus

- Anti-phospholipid antibody syndrome

- Post-infections/post-vaccinial encephalitis

Infectious Chorea

- HIV encephalopathy

- Toxoplasmosis

- Cysticercosis

- Diphtheria

- Bacterial endocarditis

- Neurosyphilis

- Scarlet fever

- Viral encephalitis (Mumps, Measles, Varicella,

Japanese encephalitis, West Nile River encephalitis)

Chorea related to Metabolic/Toxic Encephalopathies

- Hyperglycaemia

- Acute intermittent porphyria

- Hypo/hypernatremia

- Hypocalcemia

- Hyperthyroidism

- Hypoparathyroidism

- Hepatic/renal failure

- Carbon monoxide

- Manganese

- Mercury

- Organophosphate poisoning

Drug-induced choreas (See Table 20.3)

Miscellaneous

- Neoplasms (CNS lymphoma, metastatic brain

tumors)

- Multiple sclerosis

- Extrapontine myelinolysis

- Subdural haematoma
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been growing . Patients with this condition, an autosomal

dominant illness, have a mutation in the TITF-1 gene,

which codes for a transcription factor essential for the

organogenesis of the lung, thyroid, and basal ganglia

(Kleiner-Fisman et al., 2003). In fact, the clinical picture

of these patients is characterized by a variable combination

of chorea, mental retardation, congenital hypothyroidism

and chronic lung disease, hence the term Brain-Thyroid-

Lung syndrome, proposed for this disease (Willemsen

et al., 2005; Devos et al., 2006).

Vascular Choreas

Aside levodopa-induced chorea in Parkinson’s disease,

cerebro-vascular disease is the most common cause of

non-genetic chorea (Piccolo et al., 2003). Nevertheless,

chorea is an unusual complication of acute vascular lesion,

seen in less than 1% of patients with acute stroke (Cardoso

et al., 2006). Vascular hemichorea or hemiballism, is

usually related to ischemic or hemorrhagic lesion of the

basal ganglia and adjacent white matter in the region of the

middle or the posterior cerebral artery. The majority of

patients with hemichorea-hemiballism have diabetes

mellitus. The association of hyperglycemia in type II

diabetes, micro-hemorrhage in the pallidum, seen on

MRI scans, and chorea has been particularly described

among Asians (Lai et al., 2004). The natural history of

hemiballism-hemichorea usually includes spontaneous

remission.

An uncommon cause of vascular chorea is Moyamoya

disease, an intracranial vasculopathy that presents with

ischemic lesion or, less commonly, hemorrhagic stroke of

the basal ganglia (Gonzalez-Alegre et al., 2003). Another

rare form of vascular chorea is “post-pump chorea”----a

complication of extracorporeal circulation. The pathogen-

esis of this movement disorder is believed to be related to

vascular insult of the basal ganglia during the surgical

procedure. The natural history of post-pump chorea is

benign, with spontaneous remission inmost cases (Thobois

et al., 2004).

Sydenham Chorea (SC)

SC is the most common form of autoimmune chorea. The

usual age at onset of SC chorea is 8--9 years, but there are

reports on patients who developed chorea during the third

decade of life. In most series, there is a female preponder-

ance (Cardoso, Silva and Mota, 1997). Typically, patients

develop this disease 4--8 weeks after an episode of group A

b-hemolytic streptococcal pharyngitis. The chorea spreads

rapidly and becomes generalized, but 20% of patients

remain with hemichorea (Nausieda et al., 1980; Cardoso,

Silva and Mota, 1997). Patients display motor impersis-

tence, particularly noticeable during tongue protrusion and

ocular fixation. The muscle tone is usually decreased; in

severe and rare cases (1.5% of all patients seen at the

Movement Disorders Clinic of the Federal University of

Minas Gerais, Brazil) this is so pronounced that the patient

may become bedridden (chorea paralytica).

Patients often display other neurologic and non-

neurologic symptoms and signs. There are reports of

common occurrence of tics in SC (Mercadante et al.,

1997). In a cohort of 120 SC patients followed up at the

Movement Disorders Clinic of the Federal University of

MinasGerais, we have identified complex tics in fewer than

4% of subjects. There is evidence that many patients with

active chorea have hypometric saccades, and a few of them

also show oculogyric crisis. Dysarthria, as well as reduction

of verbal fluency are common. In a case-control study of

patients, we described a pattern of decreased verbal fluency

that reflected reduced phonetic, but not semantic, output

(Cunningham et al., 2006). Studying adults with SC, we

have extended this finding, showing that many functions

dependent on the prefrontal area are impaired in these

patients. The conclusion of this study is that SC should

be included among the causes of dysexecutive syndrome

(Cardoso et al., 2005).

Attention has also been drawn to behavioral abnor-

malities in SC. Swedo and colleagues found obsessive-

compulsive behavior in 5 out of 13 SC patients, 3 of whom

met criteria for obsessive-compulsive disorder, whereas

no patient in the rheumatic-fever group presented with

obsessive-compulsive behavior (Swedo et al., 1988).

Recently, Maia and colleagues investigated behavioral

abnormalities in 50 healthy subjects, 50 patients with

rheumatic fever without chorea and 56 patients with SC

(Maia et al., 2005). The authors found that obsessive-

compulsive behavior, obsessive-compulsive disorder, and

attention deficit and hyperactivity disorder were more

frequent in the SC group (19%, 23.2%, 30.4%) than in the

healthy controls (11%, 4%, 8%) or in the patients with

rheumatic fever without chorea (14%, 6%, 8%). In this

study, the authors demonstrated that obsessive-compulsive

behavior displays little degree of interference in the per-

formance of the activities of daily living. Another study

compared the phenomenology of obsessions and compul-

sions of patients with SC with subjects diagnosed with tic

disorders (Asbahr et al., 2005). The authors demonstrated

that the symptoms observed among the SC patients were

different from those reported by patients with tic disorders,

but were similar to those previously noted among samples

of pediatric patients with primary obsessive-compulsive

disorder. A recent investigation comparing healthy controls

with patients with rheumatic fever showed that obsessive-

compulsive behavior is more commonly seen in patients

with SC with relatives who also have obsessions and

compulsions (Hounie et al., 2007). This finding suggests

a role for genetic predisposition to the development of
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behavioral problems in SC. We recently reported that,

although rarely, SC may induce psychosis during the acute

phase of the illness (Teixeira, Maia and Cardoso, 2007).

Finally, it must be kept in mind that SC is a major

manifestation of rheumatic fever. In SC, 60--80% of pa-

tients display cardiac involvement, particularly mitral

valve dysfunction, whereas the association with arthritis

is less common, seen in 30% of patients; however, in

approximately 20% of patients, chorea is the sole finding

(Cardoso, Silva and Mota, 1997). A prospective follow-up

of patientswith SCwith andwithout cardiac involvement in

the first episode of chorea suggests that the heart remains

spared in those without lesion at the onset of the rheumatic

fever (Panamonta et al., 2007). The current diagnostic

criteria of SC are a modification of the Jones criteria:

chorea with acute or sub-acute onset and lack of clinical

and laboratory evidence of an alternative cause are manda-

tory findings. The diagnosis is further supported by the

presence of additional major or minor manifestations of

rheumatic fever (Guidelines for diagnosis of rheumatic

fever, Jones criteria, 1992; Cardoso, Silva and Mota,

1997, Cardoso et al., 1999). Recently, the first validated

scale to rate SCwas published, the Universidade Federal de

Minas Gerais SydenhamChorea Rating Scale. It comprises

27 items, and each is scored from 0 (no symptom or sign)

to 4 (severe disability or finding) (Teixeira, Maia and

Cardoso, 2005a).

Other Autoimmune Choreas

Other immunologic causes of chorea are systemic lupus

erythematosus (SLE), primary anti-phospholipid antibody

syndrome (PAPS), vasculitis and paraneoplastic syn-

dromes. Despite SLE or PAPS being described as the

prototypes of autoimmune choreas (Quinn and Schrag,

1998), several reports show that chorea is seen in no more

than 1--2% of large series of patients with these conditions

(Asherson and Cervera, 2003; Sanna et al., 2003). Auto-

immune chorea has rarely been reported in the context of

paraneoplastic syndromes associated with anti-Hu and/or

anti-CRMP5 antibodies in rare patientswith small-cell lung

carcinoma (Kinirons et al., 2003; Dorban et al., 2004).

Infectious Choreas

Human immunodeficiency virus (HIV) and its complica-

tions has been the most commonly reported infectious

cause of chorea. In one series of 42 consecutive patients

with non-genetic chorea, for instance, AIDS was found to

be the cause in 12% of the subjects (Piccolo et al.,

2003). Other infections related to chorea are new variant

Creutzfeldt--Jakob disease and tuberculosis (Kalita et al.,

2003; McKee and Talbot, 2003).

Drug-Induced Choreas

Probably these are the most commonly encountered types

of chorea in neurological practice and in the community

(Wenning et al., 2005). Certain drugs seem to require pre-

existing basal ganglia dysfunction to induce chorea, where-

as others appear to be more universally choreogenic. An

example of the former is levodopa (Fahn, 2000), which only

induces chorea in patients with idiopathic PD or other

parkinsonian disorders. Levodopa-induced chorea devel-

ops in more than 40% of PD patients depending on age, and

duration and dose of levodopa treatment (Schrag and

Quinn, 2000). This issue is tackled in other chapters of

this book. On the other hand, dopamine antagonists are

capable of inducing dyskinesias without pre-existing basal

ganglia abnormality. However, chorea as part of tardive

dyskinesia is a rare finding: in a consecutive study of 100

patientswith this condition, none of themwas found to have

chorea (Stacy, Cardoso and Jankovic, 1993). The bucco-

linguomasticatory syndrome with repetitive movements of

tongue twisting and protusion, lip smacking and chewing

movements, so typical of neuroleptic-induced tardive dys-

kinesia in the elderly, is better defined as stereotypy.

Furthermore, a variety of other agents have been associated

with chorea in retrospective studies or anecdotal case

reports (Table 20.3). These include both trycyclic anti-

depressants and SSRIs (Miller and Jankovic, 1990;

Bharucha and Sethi, 1996; Fox, Ebeid and Vincenti,

1997). Phenytoin may also induce involuntary movements

including orofacial chorea, particularly when other anti-

epileptic drugs are administered (Harrison, Lyons and

Landow, 1993). There are occasional reports of chorea

induced by other anti-epileptic drugs, such as carbamaze-

pine (Bimpong-Buta and Froescher, 1982) and, more

recently, lamotrigine (Zaatreh et al., 2001). Chronic expo-

sure to amphetamines and other stimulants may induce

orofacial dyskinesias and choreic movements of the trunk

and extremities (Stork and Cantor, 1997; Morgan, Winter

and Wooten, 2004).

Pathophysiology

Etiologically diverse types of chorea like HD, levodopa-

induced chorea in PD or hemichorea following lesions of

the STN could all be explained by deficient GPi inhibitory

input to the motor thalamus resulting in excessive thala-

mocortical motor facilitation. However, there are also

inconsistencies between the model and clinical evidence,

including the abolition of drug-induced chorea in PD

through ablation of theGPi (pallidotomy)which, according

to the model, should lead to increased excitatory thalamo-

cortical drive and thus worsening of chorea. Current views

therefore maintain that more complex changes in the

temporal and spatial firing pattern of the GPi underlie
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hyperkinetic movement disorders such as chorea (Obeso

et al., 2002; Mink, 2003; Moro et al., 2004).

Taranta and Stollerman established the casual relation-

ship between infection with group A b-hemolytic strepto-

cocci and occurrence of SC (Taranta andStollerman, 1956).

Based on the assumption of molecular mimicry between

streptococcal and central nervous system antigens, it has

been proposed that the bacterial infection in genetically

predisposed subjects leads to formation of cross-reactive

antibodies that disrupt the basal ganglia function. Several

studies have demonstrated the presence of such circulating

antibodies in 50--90% of patients with SC (Husby et al.,

1976; Church et al., 2002). A specific epitope of strepto-

coccal M proteins that cross-reacts with basal ganglia has

been identified (Bronze and Dale, 1993). In a study of

patients seen at the Movement Disorders Clinic of the

Federal University of Minas Gerais, we found that all

patients with active SC have anti-basal ganglia antibodies

demonstrated by ELISA andWestern Blot. In subjects with

persistent SC (duration of disease greater than two years,

despite best medical treatment) the positivity was about

60% (Church et al., 2002). It must be emphasized that the

biological value of the anti-basal ganglia antibodies re-

mains controversial (Cardoso, 2005). Our finding that there

is a linear correlation between the increase of intracellular

calcium levels in PC12 cells and anti-basal ganglia anti-

body titer in the serum from SC chorea patients suggests

that these antibodies have a pathogenic value (Teixeira

et al., 2005b). Because of the difficulties with themolecular

mimicry hypothesis in accounting for the pathogenesis of

SC, there have been recent studies suggesting a role of

immune cellular mechanisms in this condition. (Teixeira

et al., 2004) Some authors have suggested that streptococ-

cal infection induces vasculitis of medium-sized vessels,

leading to neuronal dysfunction. Such vascular lesions

could be produced by anti-phospholipid antibodies. Cur-

rently, the weight of evidence suggests that the pathogene-

sis of SC is related to circulating cross-reactive antibodies.

Vascular chorea is usually the result of necrotic ischemic

lesion of the basal ganglia. However, in contrast to classical

textbook concepts of hemiballism, the majority of patients

with this type of chorea have lesions outside the subthala-

mus (Ghika-Schmid et al., 1997). In HIV-positive patients,

chorea is the result of either the direct action of the virus or

other mechanisms, such as opportunistic infections (toxo-

plasmosis, syphilis and others) which directly damage the

basal ganglia, or drugs which interfere with dopaminergic

transmission (Cardoso, 2002). The underlying pathophysi-

ology of tardive chorea remains to be determined, but itmay

include post-synaptic dopamine hypersensitivity or striatal

neuroplastic changes (Poewe, Lees and Stern, 1986; Quinn

and Schrag, 1998; Margolese et al., 2005). Details of the

pathogenesis of HD are provided in Chapter 19.

MANAGEMENT

With the possible exception of HD, there have been very

few controlled studies of treatment of different types of

chorea. In each of the items of this section, first a review of

controlled clinical trials, followed by open studies, will be

given and, finally, practical recommendations by the au-

thor. Table 20.4 contains general principles for the man-

agement of chorea. One principle that generally guides the

choice of anti-choreic agents is their ability to powerfully

block D2 receptors. With the exception of amantadine (see

below), all drugs effective in providing symptomatic im-

provement of chorea have high affinity towards this family

of dopamine receptors. This explains why atypical agents,

such as quetiapine and clozapine, often used to treat

psychosis in patients with movement disorders are usually

ineffective in controlling chorea.

Table 20.3 Drug-induced choreas.

Dopamine receptor blocking agents

- Phenothiazines

- Butyrophenones

- Benzamides

Antiparkinsonian drugs

- L-Dopa

- DA-agonists

- Anti-cholinergics

Antiepileptic drugs

- Phenytoin

- Carbamazepine

- Valproate

Stimulants

- Amphetamines

- Pemoline

- Cocaine

- Theophylline

Caþ 2-channel blockers

- Cinnarizine

- Flunarizine

- Verapamil

Others

- Lithium

- Baclofen

- Digoxin

- Tricyclic anti-depressants

- Cyclosporine

- Steroids
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Genetic Choreas

Bonelli and Wenning (2006) recently performed a system-

atic review of therapeutic trials of HD from 1965 through

2005. They identified 218 publications on pharmacological

interventions in HD since 1965. Among them were 20

level-I (randomized clinical trials), 55 level-II (non-

randomized, controlled clinical studies) and 54 level-III

trials (open-label investigations). They concluded that

haloperidol, fluphenazine and olanzapine are “possibly

useful” for the treatment of chorea. Other agents, such as

amantadine, riluzole and tetrabenazine were considered

“investigational” for this purpose. L-dopa and pramipexole

were also considered “possibly useful” for themanagement

of rigidity; amitryptiline and mirtazapine, for depression;

risperidone for psychosis; and olanzapine, haloperidol, and

buspirone for behavioral symptoms. Co-enzyme Q10, min-

ocycline, and unsaturated fatty acids were regarded as

“investigational” for possible neuroprotection. Since this

publication, a multi-center, placebo-controlled study dem-

onstrated that tetrabenazine is useful in the management of

chorea related to HD despite the high dropout rate and

frequency of serious adverse events (especially depression)

(Huntington Study Group, 2006). Chapter 19 contains

further details of the management of HD.

There are no controlled studies of treatment of other

genetic causes of chorea. Overall, the principles discussed

relating to HD also apply to these conditions. There are,

however, peculiarities in some cases. A substantial propor-

tion of patients with chorea-acanthocytosis present with a

self-mutilating tongue-biting dystonia. This dyskinesia can

be quite disabling, preventing these patients from eating

properly, as well as resulting in severe injuries. In the

author’s experience, botulinum toxin injections of the

genioglossus muscle can provide substantial and lasting

relief. Another clinical feature common in this condition is

seizure disorder, requiring use of anti-epileptic drugs. The

kinesigenic paroxysmal dyskinesias are quite sensitive to

low doses of anti-epileptic drugs whereas non-kinesigenic

dyskinesia (Mount--Reback syndrome) responds to benzo-

diazepines (Demirkiran and Jankovic, 1995; Bruno et al.,

2007). Finally, there is one report suggesting that levodopa

can be effective in the treatment of BHC (Asmus et al.,

2005).

Sydenham Chorea

With one exception, discussed below, there are no con-

trolled studies of symptomatic treatment of SC. The first

choice of the author is valproic acidwith an initial dosage of

250mg per day that is increased over a two-week period to

250mg three times a day. If the response is not satisfactory,

dosage can be increased gradually to 1500mg per day. As

this drug has a rather slow onset of action, one should wait

two weeks before concluding that a dosage regimen is

ineffective. There is evidence from open-label studies that

carbamazepine (15mg/kg per day) is as affective as val-

proic acid (20mg/kg per day to 25mg/kg per day) to induce

remission of chorea (Genel et al., 2002).

If the patient fails to respond to this medication, the

next option is to prescribe neuroleptics. Risperidone, a

Table 20.4 Management of chorea----general
principles.

Step 1:

Treat underlying condition

T Drug-induced chorea

Remove/modify offending drug (See also Chapter 10)

T Infectious chorea

HART for HIV encephalopathy

Sulfadiazin, pyrimethamin, and so on for CNS

toxoplasmosis

T Metabolic chorea

Correct underlying abnormality (See Table 20.1)

T Autoimmune chorea

LES: Immunosuppressionwithmethylprednisolone (1 g/

day for adults or 25mg/kg in children/kg/day i.v. for

five days) followed by 1mg/kg per day of prednisone.

In refractory cases other agents such as

cyclophosphamide or azathioprin may be necessary.

PAPS: Anti-coagulation with warfarin.

Sydenham chorea: See Table 20.5

Step 2:

Introduce symptomatic anti-choreic drug therapy.

Risperidone (initial dosage of 1mg/d which can be

increased up to 6mg/day or intolerable adverse

effects, such as acute dystonic reaction, parkinsonism,

sedation occur)

Other options are olanzapine, initial daily dosage of 2,5mg;

haloperidol, starting at 1mg a day; or pimozide, initial

dose of 2mg. Olanzapine is relatively well tolerated

although less effective than risperidone. Haloperidol

and olanzapine are at least as effective as risperidone,

but less well tolerated due to the potential of induction

of extrapyramidal side-effects and, in the case of

pimozide, cardiac block in children. Amantadine

(300mg daily) or tetrabenazine (25--100mg a day)

may have a role in the management of chorea

associated to HD. Options more rarely used as anti-

choreic agents are fluphenazine, sulpiride or tiapride.

Step 3:

Consider surgery (posteroventral pallidotomy or GPi

stimulation) in severe refractory cases with disabling

chorea).
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moderately potent dopamine D2 receptor blocker, is usu-

ally effective in controlling the hyperkinesias. The usual

initial regimen is 1mg a day. If, two weeks later, the chorea

is still troublesome, the dosage is increased to twice a day.

Neuroleptics are the first choice of treatment in the rare

patients who present with chorea paralytica. Dopamine D2

receptor blockers must be used with great caution in

patients with SC. There is evidence that, in comparison

with other conditions, such as Tourette syndrome, patients

with SC have a higher risk of development of drug-induced

parkinsonism and dystonia (Teixeira et al., 2003). There are

no published guidelines concerning the discontinuation of

anti-choreic agents. The author’s policy is to attempt a

gradual decrease of the dosage (25% reduction every two

weeks) after the patient has remained free of chorea for at

least one month. Finally, the most important measure in the

treatment of patients with SC is secondary prophylaxis. The

World Health Organization recommends penicillin or, if

there is allergy, sulfa drugs up to age 21 years. If the

onset occurs after this age, the recommendation is to

maintain prophylaxis indefinitely (Cardoso et al., 2006).

Physicians practicing in areas of theworldwhere rheumatic

fever is not an important public health problem tend to

maintain the prophylaxis for shorter periods of time (one

year or even less).

Some controversy exists as to the role of immuno-

suppression in the management of SC. Despite mention

of the effectiveness of prednisone in suppressing chorea,

this drug is generally only used when there is associated

severe carditis. There are few reports describing the

usefulness of plasma exchange or intravenous immuno-

globulin in SC. Because of the efficacy of other thera-

peutic agents described in the previous paragraph,

potential complications and the high cost of the latter

treatment modalities, these options are not usually

recommended. In the author’s practice, intravenous

methylprednisolone is reserved for patients with persis-

tent disabling chorea refractory to anti-choreic agents.

We have reported that 25mg/kg per day in children and

1 g/day in adults of methylprednisolone for five days

followed by 1mg/kg per day of prednisone is an effec-

tive and well-tolerated treatment for patients with SC

refractory to conventional treatment with anti-choreic

drugs and penicillin (Cardoso et al., 2003; Teixeira,

Maia and Cardoso, 2005c; Barash, Margalith and

Matitiau, 2005). Finally, a recent double-blind study

showed that oral prednisone (initial dosage of 1mg/

kg/day, gradually decreased depending on the clinical

response) is faster than placebo in inducing remission of

chorea (Paz, Silva and Marques-Dias, 2006). However,

at the end of the follow-up there was no difference in

the severity of the chorea or the rate of recurrence

between the two groups. Table 20.5 summarizes the

management of SC.

Other Choreas

Spontaneous remission is the rule in vascular choreas.

Treatment with anti-choreic drugs, such as neuroleptics or

dopamine depletors, however, is often necessary in the

acute phase when patients present with hemichorea-

hemiballism. A few patients with vascular chorea may

remain with persistent movement disorders. In this circum-

stance, they can be effectively treated with stereotactic

surgery, such as thalamotomy or posteroventral pallidotomy

(Cardoso et al., 1995; Cubo et al., 2000; Choi et al., 2003;

Krauss et al., 2003; Moro et al., 2004). Of note, surgery,

pallidotomy and GPi DBS have been reported as effective

in treating chorea associated with other causes, such as

HD and cerebral palsy (Cubo et al., 2000; Krauss et al.,

2003; Moro et al., 2004).

Chorea associated with SLE or PAPS has been treated

with immunosuppressive measures, especially i.v. methyl-

prednisolone following a dosage regimen as described for

SC. As it is accepted that neurological complications,

including chorea, in PAPS are related to ischemic events,

anti-platelet agents and even anti-coagulants are often

prescribed to treat chorea in this condition (Levine and

Brey, 1996). These recommendations are, however, based

on reports of open-label studies involving small numbers of

patients, as well as the clinical experience of physicians

(Cardoso et al., 2006).

Table 20.5 Management of Sydenham chorea.

1. Symptomatic anti-choreic therapy

Step 1: Valproic acid (start with 250mg/day, increase

to 750--1500/day as needed) (carbamazepine

15mg/kg per day might be equally effective)

Step 2: Risperidone (1mg/d to 2mg/day)

(Other options are haloperidol, starting at 1mg a

day, or pimozide, initial dose of 2mg, although are

less well tolerated due to the potential of induction

of extrapyramidal side effects and, in the case of the

latter, cardiac block in children)

Step 3: For patients refractary to anti-choreic therapies

5 d of i.v. methylprednisolone (1 g/day for adults

or 25mg/kg in children/kg/day is followed by

1mg/kg per day per o.s. until chorea resolveswhen

dosage is tapered down)

2. Prophylaxis of streptococcus infection

Penicillin benzathin (1 200 000U IM every 21 d for at

6 mo or, if in areas where rheumatic fever is

endemic, until age 18 yr). If there is allergy to

penicillin, sulfadiazine is an option (500mg every

6 h per o.s. for the same duration as described

above for penicillin)
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Levodopa-induced chorea in PD aside, the most impor-

tant measure in the management of chorea related to drugs

is the withdrawal of the offending agent. As described

above, although chorea as part of tardive dyskinesia is a rare

phenomenon, itsmanagement is an important clinical issue.

Guidelines suggested are: (i) immediate discontinuation of

the anti-dopaminergic agent thought to cause the dyskine-

sia; (ii) patients with psychiatric ailments often require

pharmacological treatment with neuroleptics, which pre-

vents them from being taken off these drugs. In this case,

agents thought to be safe are quetiapine and clozapine.

Drugs such as risperidone and olanzapine, despite being

considered “atypical neuroleptics,” have a sufficient potent

D2 blocking action to render them not suitable for use in

patients with tardive dyskinesia. There is not enough

information available on the safety in terms of the extrapy-

ramidal side effects of newer agents such as ziprasidone and

aripripazole. Preliminay data, however, suggest that they

also have a pharmacological profile unsafe for the man-

agement of this clinical problem (Friedman et al., 2006);

(iii) In cases where a drug is required to treat disabling

neuroleptic-related chorea, the choice is tetrabenazine

(Kenney, Hunter and Jankovic, 2007). This dopamine-

depleting agent is not widely available and may induce

worrisome side effects, such as depression, sedation, or-

thostatic hypotension and parkinsonism.

In other situations, such as choreas related to infections

and metabolic/endocrine dysfunction, the most important

therapeutic measure is the correction of the underlying

cause. Symptomatic treatment of the movement disorder

may be required in some instances (e.g., hemiballism due to

opportunistic infection with lesion of the subthalamus in

AIDS). In these cases, the drugs of choice are neuroleptics

(Cardoso, 2002).
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Treatment of Tics and Tourette Syndrome
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INTRODUCTION TO TIC DISORDERS

Tourette syndrome (TS) is named after Georges Gilles de la

Tourette, who, in 1885, described a series of nine patients

with the diagnosis of tic convulsif (Gilles de la Tourette,

1885). Initially felt to be a rare, psychological disorder,

Tourette syndrome is now viewed as a common disorder

with a prevalence of 1--10/1000 children and a genetic and

biochemical basis. This syndrome represents one end of the

spectrum of tic disorders, which includes the much more

common transient tic disorder, chronic motor and vocal tic

disorders and Tourettisms.

Tics, the hallmark component, are sudden, stereotypic,

repetitive, rapid, involuntary movements or phonations.

Correctdiagnosis isbasedoncarefulhistoryandobservation,

either directly or by video taped recording. Tics can be

divided into simple and complex behaviors. Simple motor

tics are brief, sudden, meaningless movements that include

eye blinking, shoulder shrugging andhead turning.Complex

motor tics are longer in duration, involve a variety ofmuscle

groups and can appear to be purposeful. Examples of com-

plex motor tics are touching, facial or truncal contortions,

brushing hair back or dystonic movements. Simple phonic

tics include throat clearing, grunting, barking or sniffing,

whereascomplexvocalizations include theuseofwords, that

is, echolalia, palilalia and coprolalia. It is important to note

that coprolalia occurs in only 10%of patients. Tics canoccur

at any time throughout the day, but are generally not present

in sleep and are less prominent during periods of concentra-

tion. Patients often report that tics are more severe in times

of stress, anxiety, fatigue or following periods of intense

activity. Tics tend to have a waxing and waning course with

initial tics being replaced or added to others. Older patients

often describe a premonitoryurgeprior toperforming the tic.

This urge may be suppressed for a period of time, but is then

relieved by performance of the tic behavior.

Tics usually appear in the first decade of life, with a peak

onset at approximately six to seven years of age. They tend

to be most severe the between 7 and 12 years of age, after

which there is a decline in tic severity (Leckman et al.,

1998). One follow-up study of 58 teenagers and young

adults, age 15 to 25 years, found that by self-report, tics

almost disappeared in 26%, diminished substantially in

46%, were stable in 14% and were increased in 14%

(Erenberg, Cruse and Rothner, 1987). Nevertheless, other

studies show that 50% of adults with a history of tics in

childhood who report tic freedom as adults, had tics on

direct observation (Pappert et al., 2003).

Tic disorders are classified based on the types of tics

present, aswell as the duration of symptoms and are broadly

separated into transient and chronic tic disorders:

* Transient Tic Disorders. Transient tic disorders are

either motor or vocal tics or both, occurring for less

than twelve months. This is the most common and least

severe category.
* Chronic Tic Disorders. Chronic tic disorders are char-

acterized by tics for greater than 12months. The tics are

either solely motor, both motor and vocal, or, less

commonly, only vocal in nature.

TOURETTE SYNDROME

Formal diagnostic criteria, established by the Tourette Syn-

drome Classification Study Group, include the following:

1. Onset prior to age 21;

2. Multiple motor and at least one vocal tic must be

present at some time, though not necessarily con-

currently;

3. Waxing andwaning coursewith progressive evolution;

4. Presence of tics for greater than 12 months;
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5. Absence of precipitating illness (e.g., encephalitis,

stroke or degenerative disease) or association with

potential tic-inducing medication;

6. Observation by a knowledgeable individual.

The incidence of TS or other tic disorders is significantly

elevated in family members suggesting a genetic basis for

this syndrome. Support for a genetic basis is provided by

twin studies, which show an 86% concordance rate for

chronic tic disorders in monozygotic twins compared with

20% indizygotic twins (Price et al., 1985;Hyde et al., 1992).

However, neither a clear mode of inheritance nor a specific

genetic linkage has been identified.

Associated Problems

Psychiatric co-morbidities are very common in TS, affect-

ing more than half of all children and adolescents (Gaze,

Kepley and Walkup, 2006). Often these associated condi-

tions are more impairing than the tics themselves. A

comprehensive evaluation for tics should include a thor-

ough assessment for the following co-morbidities.

* Attention Deficit Hyperactivity Disorder. Attention

deficit hyperactivity disorder (ADHD) is common in

children and adolescents with TS. It is reported to affect

50--70% of patients (Comings and Comings, 1985,

1987).Whether there is a common genetic link between

TS and ADHD remains controversial. This disorder

generally presents at age 4--5 and often precedes the

onset of tics. In children with tics, the addition of

ADHD symptoms is associated with increased psycho-

social problems, academic difficulties, disruptive be-

havior and functional impairment (Carter et al., 2000;

Spencer et al., 2001; Stephens and Sandor, 1999;

Sukhodolsky et al., 2003).
* Obsessive-Compulsive Disorder. Obsessive-compulsive

behaviors are also common in individuals with TS. In

some patients it may be difficult to separate complex tics

from compulsions. The incidence of obsessive-

compulsive behaviors in TS is reported to be 20--89%
(Grad et al., 1987; Robertson, 1995). Symptoms gener-

allymanifest several years after the onset of tics, often in

adolescence.
* AffectiveDisorders: Anxiety andDepression. Increased

rates of both anxiety disorder and depression have been

reported in patients with TS. The prevalence of depres-

sion has ranged from 13 to 76% in different studies.

Some investigators believe depression positively cor-

relates with earlier onset and longer duration of tics,

whereas others find no correlations between depression

and the number of tics.
* Episodic Outbursts and Self-Injurious Behavior. Epi-

sodic outbursts or rage attacks are also observed in

individuals with TS. In a study comparing childrenwith

TS, 37 with co-morbid rage attacks and 31 without this

symptom, children with rage attacks were more likely

to have ADHD, obsessive-compulsive disorder and

oppositional defiant disorder (Budman et al., 2003).

Self-injurious behavior is also common in TS. One

study of 300 patients with TS found that 27% had mild

or moderate and 4% had severe self-injurious behavior

(Mathews et al., 2004).
* Academic Difficulties. In a study of 200 children with

TS, 36% had learning problems, including learning

disabilities (22%), poor grades (18%), repeated grade

level (12%) and assignment to full-time (8%) or part-

time (12%) special education classes (Erenberg, Cruse

and Rothner, 1986). Individuals with TS typically have

normal intellectual functioning, although there may be

executive dysfunction, discrepancies between perfor-

mance and verbal IQ, impairments of visual perceptual

achievement, or a decrease in visual-motor skills.

NEUROBIOLOGICAL BASIS FOR TICS

There is convincing evidence that cortico-striato-thalamo-

cortical (C-S-T-C) circuits are involved in the pathogenesis

of TS and its associated neuropsychiatric problems. Nev-

ertheless, the precise location and the nature of the abnor-

mality remain topics of active debatewithin the field.Many

investigators have focused on the striatal component of this

circuit, likely influenced by the association between basal

ganglia dysfunction and other movement disorders (Singer

et al., 1993; Peterson et al., 2003). However, evidence is

building for a primary cortical dysfunction in TS.

Of direct relevance to pharmacotherapy is the presence

of a wide variety of synaptic neurotransmitter systems

within the C-S-T-C circuits, that is, dopaminergic, gluta-

minergic, GABAergic, serotoninergic, noradrenergic and

opioid systems. Although, in theory, each individual neu-

rotransmitter could have a pathophysiological role, recog-

nizing the interdigitation between systems, it is possible

that imbalances within several systems contribute to the

pathobiology of TS. As described in the treatment section,

pharmacotherapy for tics has, to date, focused on dopami-

nergic, adrenereric and GABAergic modulating drugs. In

order to provide a background for understanding the ratio-

nale behind the use of thesemedications and possible newer

therapeutic approaches, we will briefly discuss the role of

each transmitter within the C-S-T-C circuit and some

evidence supporting its role in TS.

Dopamine

Excitatory D1 dopamine receptors are expressed predomi-

nantly on medium-sized spiny neurons in the striatum as

part of the direct pathway (striatum to globus pallidus
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interna and substantia nigra pars reticulata), whereas

inhibitory D2 receptors are found on striatal medium-sized

spiny neurons within the indirect pathway (striatum to

globus pallidus externa). Activation of the D1 receptors is

excitatory to themovement-releasing direct pathway,while

activation of D2 receptors inhibits the indirect pathway,

which functions to inhibit movement. Thus, activation of

D1 and D2 receptors leads to disinhibition of the excitatory

glutamatergic neurons in the thalamus, which in turn results

in greater excitation to cortical motor areas. In addition to

the dopaminergic input from the substantia nigra pars

compacta to the striatum, the ventral tegmental area also

provides dopaminergic innervation to pyramidal neurons

and interneurons in the frontal cortex. The direct innerva-

tion of glutamatergic corticostriatal pyramidal neurons

enhances their excitatory output, whereas interneurons

have the opposite effect. Dopamine proposals have includ-

ed supersensitive post-synaptic dopamine receptors (Wolf

et al., 1996; Wong et al., 1997), dopamine hyperinnerva-

tion (Albin et al., 2003) and a pre-synaptic dopamine

abnormality (Ernst et al., 1999); however, recent evidence

favors enhanced phasic dopamine release (Singer and

Minzer, 2003).

Glutamate

Glutamate is the primary excitatory neurotransmitter of

corticostriatal neurons, subthalamic nucleus output neu-

rons, thalamostriatal and thalamocortical projections. Sig-

nificant interactions exist between the dopaminergic and

glutamatergic systems that may have therapeutic relevance

(de Bartolomeis, Fiore and Iasevoli, 2005). For example, it

has been suggested that the beneficial effects of haloperidol

in schizophrenia are associated with its inhibition of pre-

synaptic dopaminergic inputs on corticostriatal glutama-

tergic afferent terminals. Reduced levels of glutamate were

detected in four post-mortem TS samples in the globus

pallidus interna and externa and the substantia nigra pars

reticulata (Anderson et al., 1992). Based, in part, on this

close relationship, preliminary studies are in progress using

therapies directed at glutamate rather than dopaminergic

agents, the latter noted to be associatedwith significant side

effects.

GABA

The inhibitory neurotransmitter GABA is the primary

output of both the direct and indirect striatum to thalamic

circuits. There are two hypotheses for the role of GABA in

TS. A decrease in striatal GABAergic projections in both

the direct and indirect pathway would cause decreased

inhibition of excitatory thalamocortical neurons resulting

in increased glutamatergic cortical excitation. A second

hypothesis proposes an impairment of cortical inhibition of

thalamocortical afferent signals secondary to reduced

activity of GABAergic interneurons. One recent study

showed marked alterations in the number and density of

GABAergic neurons in the basal ganglia structures of TS

patients (Kalanithi et al., 2005).

Norepinephrine

a-2 Adrenergic receptors are present in the locus ceruleus.
Binding at these sites reduces norepinephrine release and

turnover. In addition, there are post-synaptic a-2 receptors
in the prefrontal cortexwhich have been shown tomodulate

dopamine release (Ventura, Morrone and Puglisi-Allegra,

2007). Norepinephrine has been implicated in TS, based

upon the beneficial effects of treatment with a-adrenergic
agonists including clonidine andguanfacine (TheTourette’s

Syndrome Study Group, 2002).

Serotonin

Although some investigators have suggested a direct role for

serotonin in tic disorders, most treatment with serotonin-

related medications is reserved for co-morbid conditions,

for example, obsessive-compulsive disorder, anxiety,

episodic outbursts and depression. Serotonin levels can

down-regulate dopamine release.

GENERAL PRINCIPLES OF TREATMENT

Although approaches to the assessment and treatment of

individuals with TS may vary, there are several important

steps (see Table 21.1). All patients with tics should be

evaluated to assure the proper diagnosis and to eliminate the

possibility that tics are secondary to another medical con-

dition. Direct personal interview of the patient and parent

and the use of standardized parent/teacher questionnaires

are helpful in identifying the presence of co-morbid psy-

chopathology and academic difficulties. Further, it is

Table 21.1 General principles of treatment.

(1) Document tics, assure proper diagnosis

(2) Assess for co-morbid psychopathology and academic

problems

(3) Identify degree of impairment and extent of distress for

tics and each co-morbid condition. Often best discussed

separately

(4) Educate the patient and family

(5) Establish consensus about need for treatment

(6) Discuss available therapy and treatment goals

(7) Emphasize a comprehensive multi-disciplinary

approach and your continued availability
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essential to clarify the level of adaptive functioning, degree

of impairment, and extent of distress associatedwith tics, as

well as each co-morbid condition. Hence, the physician

must determine, based on functional impairment, whether it

is the patient’s tics, or associated problems that require

initial attention. In general, we find that discussion of tic

symptoms and co-morbid diagnoses (e.g., ADHD, OCD,

behavioral and learning problems) as separate entities

enables the family, as well as other health care workers,

to focus more accurately on individual needs.

The physician should educate the patient and family

about the characteristics of the disorder. More specifically,

that tics wax and wane, have periodic fluctuations, are

variable and frequently improve in the teenage/early adult-

hood years. It should be emphasized that tics are involun-

tary and often exacerbated during periods of anticipation,

anxiety, excitement and fatigue. It should be explained that

tics are caused by biological factors (genetic with environ-

mental influences) and although exacerbated by stress, are

not due emotional etiologies. The effect of environmental

factors should be clarified. For example, although acute

infections may be associated with increased tics, a preced-

ing b-hemolytic streptococcal infection and/or a diagnosis

of PANDAS (pediatric autoimmune neuropsychological

disorder associated with streptococcal infections), as an

etiology for TS, is controversial.

Treatment goals should be carefully reviewed and the

goal of symptomatic therapy defined. For example, the aim

of tic-suppressing pharmacotherapy is to reduce tics to a

level where they no longer cause a significant psychosocial

disturbance, not complete suppression of all motor and

phonic tic activity. Lastly, treatment of a child with TS

requires a chronic commitment and at times a comprehen-

sive multi-disciplinary approach.

TREATMENT OF TICS

Treatment for tics is available and generally effective.

Nevertheless, recognizing the frequency of medication-

related side effects, specific criteria should be fulfilled

prior to the initiation of pharmacotherapy (see Table 21.2).

Decisions regarding treatment of tics or TS need to be

individualized to each patient (see Table 21.3). In addition

to the documentation of tics, the physician must assess the

severity of the tics, as well as the emotional and psychoso-

cial impact of the tics. For many families, education

regarding the diagnosis, natural history, outcome and treat-

ment options obviates or at least delays the need formedical

treatment.

Non-Pharmacological Treatment

Although pharmacotherapy is usually considered first-line

therapy, recognizing the possibility of medication side

effects, some parents and patients prefer alternative psy-

chosocial treatments. A variety of behavioral approaches

have been used, although most have not been adequately

investigated. If utilized, the treating physician must recog-

nize that these therapies do not negate ongoing educational

and supportive care.

1. Contingency Management: This approach maintains

that tics have the potential to be modified by the

contingencies that surround them, for example, posi-

tive reinforcement (praise, rewards) for the reduction

Table 21.3 Points for consideration prior to tic
treatment.

(1) Most patients with Tourette syndrome have few

difficulties secondary to their tics.

(2) The majority of cases are mild and less than 40%

require tic-suppressing medication.

(3) Parents are often more concerned about tics than the

affected child.

(4) Tics have a waxing and waning course.

(5) Most patients improve during teenage to young

adulthood years.

(6) Treatment is symptomatic, not curative.

(7) Studies have suggested the presence of a placebo

response.

(8) Other co-morbid conditions will influence the clinical

course.

(9) All tic-suppressing medications have associated side

effects.

(10) Few drugs have received adequate evaluation as

tic-suppressing agents.

Table 21.2 Possible indications for tic therapy.

(1) Psychosocial impairment: psychosocial difficulties

include the loss of self-esteem, comments from peers,

excessive worries about tics, failure to participate in

family, social or after-school activities.

(2) Functional impairment: rarely tics may interfere with

physical skills such as penmanship, reading,

concentration and so on.

(3) Classroom disruption: usually due to vocal tics.

(4) Musculoskeletal discomfort: repetitive movements can

lead to muscle strain/soreness or bone dislocation.

(5) Persistence of impairing tic symptoms: tics have a

waxing and waning course and a proposed fractal

pattern. Hence, decisions to treat should be based on the

presence and persistence of significantly impairing tics.
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of tics or punishment (electric shock, time out) for tic

recurrence. In general, contingency management has

not been recommended based on the following con-

cerns: limited number of studies, evaluations obtained

only as components of additional approaches, benefits

that have not been persistent and concerns that exist

regarding the ethics of punishment (Peterson, 2007)

2. Massed Practice: Massed practice is the purposeful

repetition of tics for a specified time period. This

method is generally not recommended.

3. Relaxation Training: Since tics are exacerbated by

stress, several approaches have been used to promote

relaxation, including biofeedback, breathing exercises,

muscle relaxation, maintaining postures and autogenic

training. Relaxation training may be beneficial for

individual patients, but values failed to reach signifi-

cance and were short-lived (Bergin et al., 1998).

4. Self-Monitoring: This behavioral approach is based on

the systematic observation and recording of tic activi-

ties. Generally recommended as part of a standard

treatment program.

5. Habit Reversal: Habit reversal training (HRT) is the

most extensively researched technique and consists of

training the individual to become aware of his/her tics

(response description and detection, premonitory

urges, self-monitoring, situation awareness) and per-

forming a physically competing response to prevent or

interrupt their occurrence (competing response train-

ing, contingency management). Six randomized, con-

trolled trials of HRT have been conducted since 1980,

all ofwhich reported improved tic control (Himle et al.,

2006). The three most recent trials, using the standard-

ized Yale Global Tic Severity Scale (YGTSS) as the

primary outcome measure, found significantly lower

YGTSS scores with HRT, the effects of which per-

sisted at follow-up (Wilhelm et al., 2003; Verdellen

et al., 2004;Deckersback et al., 2006). These results are

encouraging and support HRT as a potential therapy for

individuals with refractory tics or those patients who

prefer to defer pharmacologic therapy.

Pharmacologic Treatment

Once the decision to use tic-suppressing medication has

been reached, we recommend a staged approach aimed at

using the medications with the least side effects first and

progressing to second-tier medications, if necessary (see

Figure 21.1 and Tables 21.4 and 21.5). Our first-tier

medications are designated as such, not based on efficacy,

but rather on the lack of long-term side effects (i.e. tardive

dyskinesia). If these medications are ineffective or tics are

very severe, second-tier medications may be needed. A

Treatment of Tics

Education

Consider behavioral approaches

Confirm requirement for therapy

Clonidine
Guanfacine

Baclofen
Topiramate

Levetiracetam
Clonazepam

1st Tier Deep Brain Stimulation

Dopamine agonists
Tetrabenazine
Botulinum toxin

Sulpiride and tiapride

Other

Pimozide
Fluphenazine
Risperidone
Aripiprazole
Olanzapine
Haloperidol
Ziprasidone
Quetiapine

2nd Tier

Pharmacotherapy

Figure 21.1 Tiered approach to pharmacologic treatment of tics.
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wide range of medications have been used for the treatment

of tics, however, only pimozide and haloperidol are

approved by the United States Food and Drug Administra-

tion for the treatment of TS. Other medications, including

tiapride and sulpride, are not available in the United States,

but have been used with some success in Europe (discussed

below). Hence, it should be apparent that most medications

have not had efficacy documented in adequate double-blind

trials, and only a limited number have been evaluated in

direct comparison protocols. Further, in studies showing

drug superiority to placebo, the percent improvement of tics

ranged from only 30 to 65% (Scahill et al., 2006). Inves-

tigators have attempted to classify medications based on

short-term safety and efficacy, but results typically repre-

sent the extent of evaluation and not necessarily the relative

degree of improvement.

A major point, often forgotten, is that the goal of

treatment is not to suppress tics completely, but to eliminate

the specific indication for initiating treatment, that is,

psychological or physical problems. In general, medica-

tions should be started at the lowest dose and gradually

increased as necessary.Monotherapy should be usedwhen-

ever possible. After several months of successful treatment,

it is appropriate to consider a gradual taper of medication.

This is generally scheduled during a less stressful period,

for example over summer vacation.

Table 21.5 Second-tier medications.

Drug Starting dose Dosage range Personal experience

Pimozide 0.5--1mg QHS 2--8mg divided BID Good efficacy, need ECG for

QT prolongation

Fluphenazine 1mg QHS 2--5mg/day Comparable to haloperidol,

personally favored, fewer

side-effects

Risperidone 0.5mg QHS 1--4mg/day Favored if co-morbid

psychiatric issues

Aripiprazole 2.5--5mg QHS for adults 10--20mg/day Some evidence for efficacy

Olanzapine 2.5mg QHS 5--10mg/day QD or BID Concerns for weight gain and

endocrine issues

Haloperidol 0.5mg daily 1--5mg/day QD or BID Efficacious but frequent side-

effects

Ziprasidone 5mg QHS 10--40mg/day Need ECG for QT

prolongation

Quetiapine 25mg daily 75--500mg/day Least effective

Table 21.4 First-tier medications.

Drug Starting dose Dosage range Personal experience

Clonidine 0.05mg daily 0.1--0.4mg/day divided BID Especially with co-morbid

ADHD, must be tapered

Guanfacine 0.5mg daily 1.5--3mg/day divided BID Possibly less sedating than

clonidine

Levetiracetam 250mg daily 1--2 g/day divided BID Conflicting evidence for

efficacy

Topiramate 15mg daily 50--200mg/day Some evidence for efficacy

Baclofen 10mg daily 60mg/day Not first line

Clonazepam 0.5mg daily 0.5--4mg/day divided BID/TID Reserved for patients with

significant anxiety
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First-Tier Medications (see Table 21.4)

Clonidine

Clonidine is an a-2 adrenergic receptor agonist that pri-

marily activates pre-synaptic autoreceptors in the locus

ceruleus and reduces norepinephrine release and turnover.

Despite its frequent use, there is a paucity of evidence for

the use of clonidine in TS or other tic disorders. There are

two small studies evaluating the use of clonidine in a

placebo-controlled fashion. The first found no difference

between clonidine and placebo (Goetz et al., 1987), while

the second showed improvement in both clonidine and

placebo with a greater response in those patients treated

with clonidine (Leckman et al., 1991). A third trial, also a

blinded, placebo-controlled study, showed a significant

decrease in tic severity for clonidine vs placebo (The

Tourette’s Syndrome Study Group, 2002). Clonidine is

often used as the first agent and is particularly useful for

patients with co-morbid ADHD (The Tourette’s Syndrome

Study Group, 2002).

The starting dose is 0.05mg daily. If tolerated, the dose

may be increased to 0.05mg twice daily with subsequent

increases every week to a total daily dose of 0.1 to 0.4mg.

Since the drug has a short half-life, some investigators

suggest a more frequent dosage schedule for tics. Clearly,

when used for treatment of co-morbid ADHD, it should be

given four times daily. Side effects include sedation, irrita-

bility, dizziness, dry mouth, headache and sleep distur-

bance. The sedating effects are usually self-limited. A

transdermal patch is also available, but not recommended

because of local skin irritation and the fact that patchesmay

fall off. Clonidine should be gradually tapered to avoid

rebound hypertension and tic exacerbation.

Guanfacine

Guanfacine is a longer acting a-2 adrenergic receptor

agonist and one that is thought to be more selective for

receptors in the prefrontal cortex. There have been two

placebo-controlled trials of guanfacine in children with tic

disorders and TS. One study showed a statistically signifi-

cant improvement in tics compared to placebo (Scahill

et al., 2001). Although the second study showed a 30%

decrease in the total tic score for guanfacine compared with

11% reduction with placebo, this difference did not reach

significance (Cummings et al., 2002). Similar to clonidine,

guanfacine has also been used successfully in patients with

co-morbid ADHD (Scahill et al., 2001).

The initial dose is 0.5mg once daily and may be in-

creased to a total daily dose of 1.5 to 3mg divided twice

daily. The side-effect profile is similar to that of

clonidine, with sedation and headache being the most

common, though generally guanfacine is less sedating than

clonidine.

Levetiracetam

Levetiracetam is a broad-spectrum anti-epileptic agent that

has been used effectively for a variety of seizure types in the

pediatric population. Although its precise mechanism of

action remains unclear, studies have suggested that it binds

to SV2a, a synaptic vesicle protein found in neurons, and

has an atypical GABAergic effect by enhancing chloride

ion influx at the GABAA receptor complex (Poulain and

Margineanu, 2002; Rigo et al., 2002). An open-label

clinical trial has suggested that levetiracetam may be a

useful treatment for tics. All 60 children and adolescents

treated with levetiracetam in doses of 1 to 2 g/day showed

significant clinical improvements in their vocal and motor

tics (Awaad, Michon and Minarik, 2005). In a four-year

follow-up of that open-label study, levetiracetam remained

100% effective for tic-suppression and 70% of patients

showed improvement in behavior and school performance

(Awaad andMinarik, 2005). Despite these reports, a recent

double-blind, placebo-controlled trial in 20 children

showed no difference between levetiracetam and placebo

in the treatment of tics (Smith-Hicks et al., 2007). Although

the evidence for levetiracetam is conficting, it is included in

our first tier, given the absence of long-term side effects.

Patients are usually started on 10 to 15mg/kg/day divided

twice daily and increased on a weekly basis to a total dose of

30 to 40mg/kg/day. Side effects are usually limited,with the

most prominent being mood changes.

Topiramate

Topiramate, a newer anti-epilepticmedication also used for

headache prophylaxis, has been reported to have some

benefit for tic control. One of the proposed mechanisms

is as a GABAA receptor agonist, potentiating the activity of

the inhibitory neurotransmitter. Topiramate is also hypoth-

esized to inhibit the kainate sub-type of the glutamate

receptor. One open-label study of two patients suggested

a potential benefit (Abuzzahab and Brown, 2001). As with

levetiracetam, topiramate is included in the first tier,

given its lack of long-term side effects. The effective adult

dose in this report of two patients was between 50 and

200mg per day.

Topiramate dosing may be started as low as 15mg per

day and is increased as necessary. Side effects include

weight loss, nephrolithiasis, metabolic acidosis, memory

impairment, difficulty with concentration, paresthesias and

angle-closure glaucoma. The presence of obesitymay be an

indication for a trial of topiramate prior to the use of

neuroleptics.

Baclofen

Baclofen is a GABAB receptor agonist used in the treat-

ment of spasticity. Its binding reduces the release of the
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excitatory neurotransmitters glutamine and aspartate. It has

been used in the treatment of other disorders including

spasticity, dystonia and chorea in Huntington’s disease.

There are two open-label studies and one small placebo-

controlled crossover study. Shapiro et al. evaluated baclo-

fen in a small number of patients and demonstrated no

benefit (Shapiro et al., 1988), whereas Awaad reported a

beneficial effect in 95% of children (Awaad, 1999). In the

only double-blind placebo-controlled crossover study, bac-

lofen (20mg three times daily) showed statistically signifi-

cant improvements in total scores based on established

rating scales (Leckman et al., 1989; Singer et al., 2001).

However, further analysis showed that the benefit was

associated with improvement in an overall impairment

score rather than a reduction in motor or vocal tics.

Baclofen is initiated at 10mg three times daily and

increased every 3--7 days to a maximum total daily dose

of 60mg. Side effects are generally mild and include

gastrointestinal upset, somnolence, weakness, dizziness

and headache.

Clonazepam

Clonazepam is a benzodiazepine, which acts as a GABAA

receptor agonist, a-2 adrenergic receptor agonist and

up-regulates 5-HT1 binding sites. There are no placebo-

controlled trials to date; however, small open-label trials

have shown some benefit for tic control (Gonce and

Barbeau, 1977; Steingard et al., 1994).One study suggested

that clonazepam is superior to clonidine (Drtilkova et al.,

1994). Clonazepam is probably best reserved for those

patients with significant co-morbid anxiety.

Clonazepam dosing is usually 0.5 to 4mg per day,

divided in two or three doses. Side effects include sedation,

dizziness, short-term memory problems and disinhibition.

Side effects may be particularly limiting in children. As

with other benzodiazepines, this medication should be

weaned to avoid withdrawal symptoms.

Second-Tier Medications (see Table 21.5)

If an individual fails initial therapy or presents with severe

tics, medications in the second-tier category (classical neu-

roleptic or atypical neuroleptic category) should be initiated.

Medications in this category may be more beneficial than

first-tier treatments, but side effects often limit their useful-

ness. Classical neuroleptics (pimozide, fluphenazine, halo-

peridol, trifluoperazine) are D2 dopamine receptor

antagonists. These drugs act to block dopaminergic input

from the substantia nigra to the basal ganglia and from the

ventral tegmentum to the frontal cortex. They are the most

effective at suppressing tics (70--80%) but havemore severe

side effects, which limit their usefulness. Atypical neuro-

leptics (risperidone, olanzapine, ziprasidone, quetiapine)

have a greater affinity for 5HT2 receptors than for D2

receptors. At least some of the difference in efficacy of

between the different atypical neuroleptics is likely related

to their relative potency of dopamine blockade.

Adverse effects with anti-psychotics may occur even

with low doses and include sedation, parkinsonism, acute

dystonic reactions, bradykinesia, akathisia, tardive and

withdrawal dyskinesias, cognitive blunting, depression,

aggression, “fog states,” weight gain, prolonged cardiac

conduction times (QTc), endocrine dysfunction, and poor

school performance, with or without school phobia. Neu-

rological side effects occur with use of atypical neurolep-

tics, but possibly less frequently than seen with some

typical neuroleptics. Recent studies have emphasized the

incidence of weight gain and insulin resistance with all

atypical anti-psychotics.

Pimozide

Pimozide, a diphenylbutylpiperidine derivative, is a D2

receptor antagonist which also blocks calcium channels.

Two studies have shown pimozide to be superior to placebo

(Shapiro et al., 1989; Sallee et al., 1997) for tic suppression.

Double-blind, placebo-controlled trials of pimozide vs

haloperidol have shown mixed results, with one trial show-

ing equal efficacy (Ross and Moldofsky, 1978), one show-

ing haloperidol slightly more effective than pimozide

(Shapiro et al., 1989) and the third showing pimozide to

be superior to haloperidol (Sallee et al., 1997). In addition,

pimozide has been generally associated with fewer side

effects including sedation (Ross andMoldofsky, 1978) and

extrapyramidal symptoms (Sallee et al., 1997).

Initial dosing is at 0.5 to 1mg daily at bedtime. This may

be gradually increased on a weekly basis in 1mg incre-

ments to a dose of 2 to 8mg divided twice daily. A baseline

electrocardiogram should be obtained prior to initiating

therapy with pimozide as it has been associated with QT

prolongation. The QTc interval should not exceed 0.47 s in

children, 0.52 s in adults or demonstrate a more than 25%

increase from the patient’s baseline value. Additionally, the

use of macrolide antibiotics, azole anti-fungals and prote-

ase inhibitors should be avoided, as concurrent administra-

tion of these medications may increase pimozide levels, as

well as increase QT prolongation.

Fluphenazine

Fluphenazine, a traditional neuroleptic, acts as both aD1 and

D2 receptor antagonist. Small studies have shown fluphen-

azine to be effective in tic control and associated with fewer

side effects compared with haloperidol (Singer, Gammon

and Quaskey, 1986; Goetz, Tanner and Klawans, 1984).

Dosing should begin at 1mg daily at bedtime andmay be

increased by 1mg per day everyweek to a goal daily dose of

2 to 5mg. The two studies above also showed fewer side

effects with fluphenazine when compared with haloperidol
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(Singer, Gammon and Quaskey, 1986; Goetz, Tanner and

Klawans, 1984).

Risperidone

Risperidone is an atypical neuroleptic that acts as a 5-HT2

receptor antagonist at low doses and a D2 antagonist

at higher doses. It also has moderate to high affinity for

a1-adrenergic, D3, D4 and H1-histamine receptors. It was

the first atypical anti-psychotic approved by the FDA for

the first-line treatment of schizophrenia, and the most

widely evaluated for tic-suppression. It has been shown to

be superior to placebo in two randomized, double-blind,

placebo-controlled trials for tics (Scahill et al., 2003; Dion

et al., 2002). It was equally effective to pimozide in one

randomized, double-blind crossover study (Bruggeman

et al., 2001) and superior in another (Gilbert et al., 2004).

Risperidone is usually started at 0.5mg given once daily

at night. The dose may be titrated as needed to a total daily

dose of 1 to 4mg divided twice daily (Scahill et al., 2003).

Side effects have included sedation, increased appetite and

weight gain, acute social phobia, increased prolactin levels,

depression and dysphoria.

Aripiprazole

Aripiprazole is a novel partial dopamine (D2) and 5-HT1A

receptor agonist. Case reports and open-label studies have

supported its efficacy in treating tics (Kastrup et al., 2005;

Davies et al., 2006; Yoo, Kim and Kim, 2006). To date,

there have been no published blinded, placebo-controlled

trials of aripiprazole.

The starting dose in adults is 2.5 to 5mg daily with a goal

dose of 10 to 20mg daily. In an open-label study in children

and adolescents with TS, the mean dose was 0.22mg/kg

(range 0.083 to 0.55mg/kg).

Olanzapine

Olanzapine is an atypical neuroleptic withmoderate to high

affinity for D2, D4, 5-HT2A, 5-HT2C and a-1 adrenergic

receptors, as well as D1 receptors. Two open-label trials

have shown improvement in tic scores (Stamenkovic et al.,

2000; Budman et al., 2001). A double-blind, crossover

study of olanzapine vs pimozide found that olanzapine was

superior to low-dose pimozide in producing tic reduction in

four patients with severe tics (Onofrj et al., 2000).

Olanzapine is started at 2.5mg once daily at bedtime and

increased as needed to a total daily dose of 5 to 10mg

divided once or twice daily. Weight gain, insulin resistance

and new-onset dyslipidemia may be problematic.

Haloperidol

Haloperidol, a butyrophenone, was the first traditional

neuroleptic shown to be effective for tic suppression.

Concerns regarding side effects have limited its use to

within the second-tier category of medications. Haloperi-

dol has been shown to be superior to both placebo and to

pimozide in one double-blind, placebo-controlled trial

(Shapiro et al., 1989).

The therapeutic tic effect with haloperidol is seen at low

doses (Singer et al., 1981) and the usual starting dose is

0.5mg daily. If needed, medication is increased by 0.25 to

0.5mg on a weekly basis to a goal dose of 1 to 5mg per day,

given either once or twice daily. As previously discussed, some

studies have shown a higher incidence of side effects with

haloperidol compared with alternative typical neuroleptics.

Ziprasidone

Ziprasidone, an atypical neuroleptic, antagonizes D2 and

5HT2 receptors, but also has widespread effects on other

neurotransmitter systems, for example, blocking effects on

norepinephrine and serotonin transporters, a-1 adrenergic

receptor antagonism, and moderate affinity for histamine

H1 receptors. It has been shown to be more effective than

placebo in suppressing tic symptoms in patients with TS

(Sallee et al., 2000).

Dosing should be started at 5mg in the evening and

increased gradually to 40mg daily in divided doses. A

baseline electrocardiogram should be obtained prior to

initiating therapy, as ziprasidone is also associated with

prolongation of the QT interval.

Quetiapine

Quetiapine is an atypical neuroleptic that antagonizes

5HT1A, 5HT2, D1, D2, histamine H1, a-1 and a-2 adren-
ergic receptors. To date, its use for tic suppression is based

on case reports. One open-label trial with 12 children and

adolescents with TS found a significant reduction in tic

scores with quetiapine (Mukaddes and Abali, 2003), as did

a retrospective review of 12 patients (Copur et al., 2007).

Quetiapine is initially dosed at 25mg daily and may be

increased as tolerated to relatively high doses of 200 to

500mg daily.

Other Medications

Pergolide

Pergolide is a mixed dopamine (D1/D2/D3) agonist used

primarily for the treatment of Parkinson’s disease. Its low-

dose use in TS is somewhat counterintuitive, given the

finding that the most effective treatments for tic-suppres-

sion are dopamine antagonists (neuroleptics). Its hypothe-

sized mechanism of action is the reduction of dopamine

release secondary to stimulation of pre-synaptic dopamine

autoreceptors. There have been two double-blind placebo-

controlled trials of pergolide in TS, both of which showed
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significant improvement of total tic scores as compared to

placebo (Gilbert et al., 2000, 2003).

Despite reports of potential benefit, pergolide was vol-

untarily withdrawn from the US market in March 2007

secondary to its ergot-induced pleural, retroperitoneal, and

peri-cardial fibrosis, vasospasm and concerns of cardiac

valvular disease with long-term use.

Tetrabenazine

Tetrabenazine depletes pre-synaptic storage of catechola-

mines by blocking vesicular monoamine transporters and is

also a mild post-synaptic dopamine receptor antagonist. It

is used for the treatment of dyskinetic disorders, including

chorea in Huntington’s disease. There have been two open-

label studies of tetrabenazine for tics (Jankovic and Orman,

1988; Jankovic andBeach, 1997). The second demonstrated

a “marked improvement in abnormal movements” in 57%

of 47 patients with TS (Jankovic and Beach, 1997).

Dosing is started at 12.5mg daily and increased to 12.5 to

25mg twice daily in children and 25 to 100mg per day for

adults. Side effects include sedation, depression, parkin-

sonism, insomnia, anxiety, postural hypotension and

akathisia. Tetrabenazine is now available in the United

States as well as the rest of the world.

Botulinum toxin

Botulinum toxin, which blocks acetylcholine release at the

neuromuscular junction is generally reserved for specific

troublesome tics that are not treated by conventional med-

ications (Kwak, Hanna and Jankovic, 2000). One random-

ized, double-blind, controlled trial of botulinum toxin

injection for motor tics showed a 39% reduction in tic

frequency with treatment compared to placebo (Marras

et al., 2001). Benefits appeared in 3--4 days and lasted a

mean of 14 weeks.

Injection is given into the muscle group affected by the

motor tic or into the laryngeal folds for vocal tics. Treat-

ment is generally repeated every 3--9 months. Adverse

effects include soreness at the injection site, weakness of

the injected muscle and dysphasia or hypophonia for

laryngeal injections.

Sulpiride and Tiapride

Tiapride and sulpride are substituted benzamides and

selective D2 antagonists which appear to lack effects on

norepinephrine, acetylcholine, serotonin, histamine, or

GABA receptors. Neither is available in the United States,

but studies in Europe have shown improvement in tics. One

retrospective study of 63 patients with TS treated with

sulpiride showed beneficial effects in 59% (Robertson,

Schnieden and Lees, 1990). Tiapride is also commonly

used in Europe and is supported by a positive therapeutic

effect in a double-blind, placebo-controlled trial of 17

children (Eggers, Rothenberger and Berghaus, 1988).

Marijuana

d-9-Tetrahydrocannabinol (THC), the major psychoactive

substrate in marijuana, has been reported to be effective

in tic suppression. Initial interest in THC was based on

interview results of 17 patients with TS, 14 of whom

reported a reduction in tics with marijuana use (Muller-

Vahl et al., 1998). There has been one randomized, double-

blind, placebo-controlled study of THC, which showed a

significant difference (p< 0.05) or a trend toward a signifi-
cant difference (p< 0.10) in tics during the treatment period

(Muller-Vahl et al., 2003). THC is not available for clinical

use in the United States.

Surgical Approaches

Deep Brain Stimulation

For patients with severe tics refractory to medical man-

agement, surgical interventions affecting the proposed

cortico-striato-thalamo-cortical circuits involved in TS

have been attempted (Neimat, Patil and Lozano, 2006).

More recently, deep brain stimulation, a modern stereo-

tactic treatment used in other movement disorders has

been proposed as a potential therapy for tics. There have

been several recent reports of deep brain stimulation

surgery for TS. Targets have included intralaminar tha-

lamic nuclei (Vandewalle et al., 1999; Visser-Vandewalle

et al., 2003), globus pallidus interna (Diederich et al.,

2005; Shahed et al., 2007) and both globus pallidus

interna and thalamus (Houeto et al., 2005; Ackermans

et al., 2006). Although the number of cases is small, there

has been a reduction in tic frequency by 70 to 90% that

persisted over follow-up periods of 8 to 60 months.

Recommendations for the use of DBS in TS have been

published (Mink et al., 2006).

Potential Future Therapies

Based upon pathophysiological hypotheses involving

various neurotransmitter systems with cortico-striatal-

thalamo-cortical pathways, a variety of therapeutic options

have been proposed, some of which are currently being

evaluated in preliminary trials. For example, recognizing

that glutamate is the major excitatory transmitter in the

central nervous system and has major interactions with

dopaminergic systems, preliminary trials with glutamatergic-

modulating agents (agonists/antagonists) are in progress.

Non-ergot dopamine agonists, such as pramipexole, are

being studied, given the positive results with pergolide

and the fact that ergot-related side effects should not be
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present. Transcranial magnetic stimulation (TMS) is a

neurophysiologic technique that has been used to probe

neural inhibitory circuitry by applying varying frequen-

cies of stimulation to a given brain region. Results of TMS

used to suppress tics have been variable (Chae et al., 2004;

Orth et al., 2005), but response may be based on coil

placement and current flow (Mantovani et al., 2006).

TREATMENT OF CO-MORBIDITIES

Argumentativeness, disruptive behaviors, conduct pro-

blems, episodic outbursts (rage), anxiety and mood dis-

orders are relatively common in patients with TS. In many,

these difficulties are co-mingledwith tics, ADHDandOCD

and present a major challenge for the family and physician.

In complex cases, it is essential that the affected patient

receives the proper evaluation and care from a multi-

disciplinary team of specialists.

Attention Deficit Hyperactivity Disorder

Stimulant medications are considered to be the treatment of

choice for ADHD. Their use, however, in children with TS

or other tic disorders has been controversial. Concernswere

largely based on early reports, which suggested that stimu-

lant medications had the potential to provoke or intensify

tics and that this effect might persist despite medication

withdrawal (Barkley et al., 1990; Borcherding et al., 1990;

Pollack, Cohen and Friedhoff, 1977). More recently, the

Tourette’s Syndrome Study Group preformed a multi-

center, randomized, double-blind controlled clinical trial

of clonidine, methylphenidate, clonidine and methylpheni-

date in combination, and placebo in children with tics and

ADHD (The Tourette’s Syndrome Study Group, 2002).

Results showed that both clonidine and methylphenidate

were associated with significant improvement in ADHD

symptoms,with the greatest benefit for combined clonidine

and methylphenidate therapy. Data also showed that, com-

paredwith placebo, tic severitywas reduced in all treatment

groups, including those treated with methylphenidate

alone. When treatment groups were compared for

“worsening of tics,” the rates (20--26%) were no different

among the groups, including placebo. Hence, stimulants

did not exacerbate tics. Given the significant adverse

impact on quality of life and social/school functioning in

children with ADHD, we recommend treatment and do not

believe stimulants are contraindicated in children with tics.

Alternative medications for the treatment of ADHD in

children with tic disorders include the a-2 adrenergic

agonists clonidine and guanfacine, discussed above,

as well as atomoxetine, desipramine, and nortriptyline.

Atomoxetine, a selective norepinephrine reuptake inhibitor,

is used in doses of 1.0--1.5mg/kg/day, and given in two

divided doses. Common adverse effects of atomoxetine

include nausea, emesis, diminished appetite, and insomnia.

Several placebo-controlled studies have documented the

efficacy of the tricyclic anti-depressent desipramine in

children and adolescents with ADHD only and TS plus

ADHD (Singer et al., 1995; Biederman et al., 1995; Spencer

et al., 2002).

Obsessive-Compulsive Disorder

Selective serotonergic reuptake inhibitors (SSRIs) are first-

line therapy for obsessive-compulsive disorder and are

often used for disabling symptoms. Cognitive-behavioral

therapy and the tricyclic anti-depressant clomipramine are

also effective treatments for OCD. Empirical support for

treatment in children is best with clomipramine, fluoxetine,

sertraline and fluvoxamine. All medications should be

started in low doses and increased gradually. It is important

to note that a black box warning has been issued by the US

Food andDrugAdministration regarding increased suicidal

ideation and suicidality in children and adolescents for

SSRIs.

Affective Disorders: Anxiety and Depression

Increased rates of both anxiety disorder and depression

have been reported in patients with TS. An important

early step is to determine whether these symptoms are

derived from, or are independent of the tic disorder.

Safety of the individual should be established, especially

if the patient is suicidal. Cognitive behavioral therapy and

pharmacotherapy should be considered in conjunction

with consultation from professionals in psychology and

psychiatry.

Episodic Outbursts and Self-Injurious Behavior

Since it is unclear whether these problems are etiologically

related to TS or its other co-morbid conditions, a formal

psychiatric evaluation is often required. Some investigators

believe these behaviors may be related to obsessive-

compulsive disorder and suggest treatment with SSRIs and

cognitive behavioral therapy.

Academic Difficulties

A variety of factors, including severe tics, medication side

effects, co-morbid behavioral/psychiatric disorders

(ADHD, obsessive-compulsive behaviors and depression),

psychosocial problems, learning disabilities and executive

dysfunction can contribute to poor school performance. A

comprehensive neuropsychological assessment is often

beneficial in defining underlying issues and therapy should

be directed at the identified pathology.
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INTRODUCTION

Paroxysmal dyskinesias (PxD) are a group of rare move-

ment disorders characterized by their recurrent and episodic

nature, arising from a background of normal motor

activity and behavior. These abnormal movements can

manifest in the form of ballism, dystonia, chorea and

athetosis or a combination of these (Sethi, 2000). This

interesting sub-set of movement disorders has been further

classified into four types, based on the events which

precipitate the abnormal movements: (i) paroxysmal ki-

nesigenic dyskinesias (PKD): PxD precipitated by sudden

voluntary movements, (ii) paroxysmal non-kinesigenic

dyskinesias (PNKD) are the PxD which occur at rest, in

the absence of sudden movements, (iii) paroxysmal exer-

tion-induced dyskinesias (PED) occur in the setting of

prolonged exercise, instead of sudden movements and

(iv) paroxysmal hypogenic dyskinesias (PHD), which oc-

cur during sleep (however this remains a matter of contro-

versy). PxD can be sporadic, familial (autosomal dominant

inheritance) or secondary to other disorders such as multi-

ple sclerosis, stroke and so on. As far as PxD due to a

secondary etiology are concerned, one study reports an

identifiable cause of PxD in �22% patients (Blakeley and

Jankovic, 2002). Understandably, the age of onset of

secondary PxD is highly variable depending on the under-

lying etiology. The various causes of secondary PxD are

listed in Table 22.1. All probable secondary causes should

be ruled out before a diagnosis of primary PxD is made.

Early literature on PxD involved the use of specific

terminology such as paroxysmal choreoathetosis or parox-

ysmal dystonic choreoathetosis implying that in all attacks,

movements were easily characterized. However, because

of the brevity of the attacks, most often these are not

witnessed by the diagnosing physician. Also, the

movements may be very complex and variable and, as

such, not amenable to simple nomenclature. Hence, recent

reviews have stressed on the usage of the general term

“dyskinesias” for their description (Sethi, 2000; Demirkir-

an and Jankovic, 1995).

HISTORY OF PAROXYSMAL
DYSKINESIAS

From a historical perspective, these rare movement dis-

orders were initially reported as a type of epilepsy or

seizures. Spiller recognized paroxysmal movements and

called them striatal or subcortical epilepsy. In 1924, Ster-

ling described abnormal movements not precipitated by

action and then a year later short-lasting non-kinesigenic

attacks were described by Wimmer, but called striatal

epilepsy. It was not until 1940, when Mount and Reback

described a family with 28 members, that the term familial

paroxysmal choreoathetosis first appeared in the literature.

In this family, the proband had PxD induced, not by

movement, but by alcohol and coffee. The spells would

begin with an aura of a tight sensation around the neck and

abdomen followed by involuntary dystonic posturing of the

arms and legs, choreoathetotic movements and dysarthria

with preservation of consciousness (Mount and Reback,

1940). Kertesz (1967) reported a group of patients with

choreoathetosis precipitated by sudden movement and

coined the term paroxysmal kinesigenic choreoathetosis

(Kertesz, 1967). Lance (1977) reported attacks of intermedi-

ate duration in a family, precipitated by prolonged exercise,

which are now recognized as PED (Lance, 1977). In 1969,

Horner and Jackson described nine members of a family

under the label familial paroxysmal choreoathetosis. How-

ever, seven of these had only nocturnal attacks. It was not

until 1981 that the term nocturnal or hypnogenic dystonia

was introduced by Lugaresi and Cirignotta (Lugaresi and

Cirignotta, 1981) to describe this disease entity now known

as PHD. Further discussion of the history of PxD is beyond

the scope of this chapter; for a detailed review of the history

please refer to the review by Fahn (1994).
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PAROXYSMAL KINESIGENIC
DYSKINESIAS (PKD)

Clinical Features

PKD onset is typically during childhood, between 5 and 15

years of age, males being more commonly affected then

females, with ratios ranging from 2:1 to 4:1 (Sethi, 2002;

Lotze and Jankovic, 2003). The condition may be familial

or sporadic. Most commonly, the condition is inherited in

an autosomally dominant fashion, however there are some

reports of autosomal recessive inheritance as well (Good-

enough et al., 1978). The attacks are typically precipitated

by startle or a suddenmovement after a period of rest. There

is a refractory period after an attack during which sudden

movement may not provoke an attack. The abnormal

movements are usually unilateral, however they may pro-

ceed to become bilateral. Most patients have dystonia, but

some have a combination of chorea and dystonia and,

rarely, ballism. Extremities are more commonly involved,

as compared to the face, neck and trunk, although the

patient can have dysarthria secondary to the dystonia,

affecting the speech (Sethi, 2002; Lotze and Jankovic,

2003). Patients may have auras preceding the attacks. The

auras have been described as a crawling or tingling sensa-

tion, dizziness and paresthesias in the affected body part

(Lotze and Jankovic, 2003). The attacks are typically short

lived in duration ranging usually from seconds to five

minutes, and rarely as long as few hours (Demirkiran and

Jankovic, 1995). The frequency of attacks can range from

�100 per day to less than one per month and the neurologic

exam in between attacks is usually normal (Lotze and

Jankovic, 2003).

In a recent study, Bruno et al. evaluated 121 individuals

with idiopathic PKD from 73 families to establish strict

diagnostic criteria for the disorder. They found that �79%

of the affected individuals had similar clinical features

distinguishable from other diseases. Hence, they proposed

the following clinical criteria, based on their results (Bruno

et al., 2004b):

(1) Identifiable kinesigenic trigger for the attacks

(2) Short duration of attacks (<1 minute)

(3) No loss of consciousness or pain during the attack

(4) Exclusion of other organic diseases and normal neu-

rologic exam in between attacks

(5) Control of attacks with phenytoin or carbamazepine,

if tried

(6) Age at onset between 1 and 20 years, if no family

history of PKD.

In their study, nearly 100% of the familial PKD patients

satisfied the proposed criteria; however, some of the spo-

radic PKD patients did not.

There have also been cases of PKD associated with

interictal myoclonus. De Grandis et al. reported a

10-year-old boy with PKD along with interictal myoclonus

and dystonia, who did not respond to carbamazepine

(DeGrandis et al., 2007). Two other patients with PKD

have also been reported to have interictal myoclonus;

however, in this case, both the patients responded well to

carbamazepine (Cochen De Cock et al., 2006).

Genetics

Most cases of PKD are primary and probably of genetic

etiology. Several families with PKDhave been linked to the

pericentromic region of chromosome 16 (Swoboda et al.,

2000). PKD has shown to be associated or overlaps clini-

cally with other syndromes as well. A syndrome character-

ized by a combination of infantile convulsions and

paroxysmal choreoathetosis----ICCA syndrome----has also

been mapped to a 10 cM region around the centromere on

chromsosme 16 (Szepetowski et al., 1997). It appears that

there is a great degree of clinical overlap between the two

conditions, as some familieswith PKDhave had a history of

childhood convulsions as well. Another syndrome, RE-

PED-WCcharacterized by rolandic epilepsy, paroxysmal

exercise-induced dyskinesias and writer’s cramp has also

beenmapped to a 6 cM region on chromosome 16 (Guerrini

et al., 1999). In fact, ICCA syndrome entirely includes the

critical region involved in RE-PED-WC syndrome. A locus

for PKD (EKD1) has been mapped to 16p11.2-q12.1 in

eight Japanese families, and an 18 cM region on chromo-

some 16p11.2-q11.2 in an Afro-Caribbean family (Tomita

et al., 1999; Bennett, Roach and Bowcock, 2000). Interest-

ingly, RE-PED-WC, which also maps to the chromosome

Table 22.1 Paroxysmal dyskinesias----secondary causes.

Demyelinating disease----multiple sclerosis

Vascular causes----cerebral infarction, hemorrhage, moya-

moya disease and anti-phospholipid antibody syndrome.

Infectious causes----encephalitis, CMV, HIV

Myelopathy and/or radiculopathy

Basal ganglia calcification

Central and peripheral nervous system trauma

Neurodegenerative conditions----Huntington’s disease,

Parkinson’s disease, Progressive supranuclear palsy

Metabolic conditions----diabetes mellitus, hypothyroidism,

hypoparathyroidism, pseudohypoparathyroidism,

Wilson’s disease, mitochondrial cytopathies and

kernicterus.

CNS neoplasms

Migraine

Drugs----methylphenidate
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16p12-11.2 region, does not overlap with the PKD locali-

zations (Spacey et al., 2002). Valente et al. have identified a

unique PKD locus (EKD2) telomeric to the ICCA and

EKD1 loci, indicating a separate gene for the pure PKD

phenotype (Valente et al., 2000). An additional British

family has been identified, where the PKD locus in this

family did not map to the previously identified PKD loci on

chromosome 16, probably representing a new gene, EKD3

(Spacey et al., 2002). Thus, it seems that there is significant

clinical and genetic heterogeneity in PKD. Despite the

strong linkage of PKD to the chromosome 16p11-q21,

analysis of the 157 genes was unsuccessful at identifying

any mutations responsible for PKD in a recent study of

seven families with varying ethnic backgrounds (Kikuchi

et al., 2007). Since other paroxysmal neurologic conditions,

such as episodic ataxias and some epilepsies have been

linked tomutations in ion-channel genes, it may be possible

that some of the mutations in the critical region for PKD on

chromosome 16 may play a role in ion-channel function.

However, the function of mutated genes involved in PKD

has to be determined before these disorders can be labeled

as channelopathies (Margari et al., 2005).

Treatment of PKD

PKD is characterized by brief attacks of dystonia and

choreoathetosis precipitated by suddenmovement.Overall,

PKD responds well to anti-convulsants, which are the

mainstay of therapy. PKDhas a relatively benign prognosis,

as the attacks gradually diminish in adulthood. Carbamaze-

pine is the drug of choice (Schneider and Bhatia, 2007). In a

Taiwanese study, four out of seven patients with PKDwere

started on low-dose carbamazepine (1.5--2mg/kg/day).

All four patients became episode-free, without decline

in school performance, over a follow-up period of 14--30
months (Tsai et al., 2005). From past experience, other

anti-convulsants, such as barbiturates, oxcarbazepine and

phenytoin have also been proven to be efficacious

(Schneider and Bhatia, 2007). In adults, a low dose may

be effective in controlling the episodes. One study with

eight patients showed that topiramate at doses of 100--200
mg/day was effective in controlling the episodes of PKC

with minimal side effects. The patients were followed up

for a period ranging from eight months to two years

(Huang et al., 2005). In a case series of three children

with PKC fromGermany, lamotriginewas used to treat the

episodes. They found complete elimination of the epi-

sodes with doses between 4.5--5mg/kg/day (Uberall and

Wenzel, 2000). In general, treatment recommendations

have favored AEDs, which act on voltage-gated neuronal

ion channels (i.e., carbamazepine and phenytoin). Lamo-

trigine, which acts via a use-dependent blockade of

voltage-gated sodium channels, may have an important

place in the treatment of PKD, if proven to be effective,

based on future, controlled studies (Uberall and Wenzel,

2000). Not too many other options besides anti-convul-

sants exist for the treatment of PKD. One case report

showed that risperidonewas effective and could be used as

an alternative treatment for PKD (Karakurum, Karatas

and Yildirim, 2003). Other drugs that have been helpful

include anti-cholinergics, levodopa, flunarizine and tetra-

benazine (Lotze and Jankovic, 2003).

As far as secondary PKD is concerned, the response rate

is similar to primary PKD. Treatment of the underlying

condition causing PKD is helpful in reducing the attacks for

obvious reasons. PKD secondary to demyelinating lesions

responds favorably to treatment with acetozolamide (Sethi

et al., 1992) and benzodiazepines have been used with

success in treating PKD in HIV patients (Schneider and

Bhatia, 2007). Also Blakeley and Jankovic have reported

that injecting botulinum toxin into the agonist muscles was

effective in the treatment of secondary PKD with dystonia

(Blakeley and Jankovic, 2002).

PKD -- Salient Features Recapped:

- Usually of autosomal-dominant etiology, typical onset

during childhood (age range 5--15 yr). Frequency of

attacks gradually decreases in adulthood

-Attacks precipitated by startle or suddenmovements,most

common presentation involves dystonia in the

extremities

- Attacks are short lasting from seconds to minutes,

frequency: �100/day

- Locus for mutations related to PKD is near the peri-

centromic region of chromosome 16

- Carbamazepine is the drug of choice, but barbiturates and

phenytoin have also proven to be useful

- Lamotrigine and topamax have shown to be useful in a

small number of patients.

PAROXYSMAL NON-KINESIGENIC
DYSKINESIAS (PNKD)

Clinical Features

PNKD is typically inherited in an autosomal-dominant

manner with a high penetrance of 80% (Zorzi et al.,

2003). The attacks occur more frequently in males; how-

ever, it is not as consistently seen as in PKD. The attacks in

PNKD usually begin during childhood, with a mean age of

about eight years, but may start up until the early 20s.

Attacks occur at rest and may be precipitated by alcohol,

coffee, cola, tobacco, emotional excitement and fatigue

(Mount and Reback 1940). Typically, attacks begin with a

sensation of tightness or tugging, followed by involuntary
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movements of the mouth or one limb and may spread to

involve all the extremities including the face without any

loss of awareness (Lance, 1977). Some families have

predominantly dystonia, while others have predominantly

choreoathetosis (Mount and Reback, 1940). The frequency

of episodes may vary from two to three per day to two per

year, the episodes are long lasting, with a usual duration of

30 minutes to 3--4 hours (Fink et al., 1996) although some

may only last for seconds (Demirkiran and Jankovic, 1995).

Occurrence of attacks during rest, the lower frequency and

the longer duration of the episodes are key features that

distinguish PNKD from PKD. The attacks are usually

aborted by sleep. PNKD has been reported to occur con-

comitantly with familial ataxia, and in one family PNKD

was accompanied by myokymia (Sethi, 2000).

Genetics

Lee et al. reported mutations in the myofibrillogenesis

regulator 1 (MR-1) gene on the long arm of chromosome

2(2q32-36locus)causingPNKDin50individualsfromeight

families (Leeetal., 2004).Since then,mutations in theMR-1

gene have been identified in 10 unrelated PNKD kindred

(Spacey et al., 2006). Several reports have confirmed the

presenceof alanine-to-valine substitutions in theMR-1gene

being responsible for thePNKDphenotype (Lee et al., 2004;

Chenet al., 2005).Bioinformatic analysis has shown that the

MR-1 gene is homologous to the hydroxyacylglutathione

hydrolase (HAGH) gene. HAGH functions in a pathway to

detoxify methylglyoxal, a compound present in coffee and

alcoholicbeverages,whichmayexplainwhybothcoffeeand

alcohol reliably precipitate attacks in PNKD (Lee et al.,

2004). Alcohol and caffeine precipitated attacks in 98% of

patients with the MR-1 mutation (Bruno et al., 2007).

However, there may be some genetic heterogeneity in

PNKD, as Spacey et al. have described a Canadian PNKD

family with 14 members, who did not havemutations in the

MR-1 gene. Affected family members presented with epi-

sodes of dystonia primarily affecting hands and feet sym-

metrically, but alcohol, caffeine and excitement were not

obvious triggers in this family. Linkage analysis in this

pedigree identified a novel gene locus (PNKD-2) at chromo-

some 2q31, between markers D2S335 and D2S152. One of

the interesting genes in this locus is the glutamate decarbox-

ylase gene, which codes for glutamic acid decarboxylase.

Glutamate decarboxylase is expressed in the mammalian

brain and catalyzes the conversion of glutamic acid to

g-aminobutyric acid (GABA), which is the main inhibitory

neuropeptide in the basal ganglia (Spacey et al., 2006). In a

recent study, Bruno et al. conclude that patients with classic

PNKD phenotype, as described by Mount and Reback, are

more likely to haveMR-1mutationswhile the “PNKD-like”

kindredwithatypicalfeaturesmaynothaveMR-1mutations,

as someof themmayactually havePED(Brunoet al., 2007).

Treatment of PNKD

In PNKD, the paroxysms last longer and are not triggered

by movement, but by fatigue, stress, alcohol or caffeine.

Avoidance of the precipitating factors can be helpful.

Unlike PKD, PNKD does not respond to anti-convulsants,

and medical treatment is less rewarding (Dressler and

Benecke, 2005). However, anti-convulsants should be tried

in every case and an occasional patient may respond to

carbamazepine (Bhatia, 1999). Other drugs that have been

tried include clonazepam, haloperidol, alternate-day oxaz-

epam, and anti-cholinergics such as benztropine and tri-

hexyphenidylwithout consistent success (Sethi, 2000),

however, clonazepam may benefit one-third of patients

treated (Bhatia 1999). A recent case report showed that sub-

lingual lorazepam was successfully used to treat two chil-

dren with PNKD from a large kindred (Dooley and Brna,

2004). Deep brain stimulation (DBS) is also being explored

as a potential therapeutic option in the treatment of medi-

cally refractory PNKD. Loher et al. have assessed the effect

of chronic stimulation of the ventrointermediate (Vim)

thalamus for treatment of dystonic PNKD. Chronic stimu-

lation through a stereotactically implantedmonopolar elec-

trode in the left Vim resulted in a decrease of the frequency,

duration and intensity of the dystonic paroxysmal move-

ment disorder and the benefit of stimulationwasmaintained

over four years of follow-up (Loher et al., 2001). In another

case, stimulation of globus pallidus internus produced

immediate and sustained relief of PNKD, secondary to

rotator cuff tears (Yamada et al., 2006). Similar to PKD,

secondary PNKD may also improve with treatment of the

underlying etiology, as seen in the case of PNKD secondary

to celiac disease. The patient’s neurologic symptoms re-

solved upon the institution of a gluten-free diet (Hall,

Parsons and Benke, 2007). Another patient had a seven-

year history of episodes resembling PNKD, secondary to

idiopathic hyperparathyroidism. This patient was refractory

to valproate, but responded to levetiracetam (Alemdar et al.,

2007). In one study, six patients with HIV had PxD, 2/6

patients had PKD and 4/6 patients had PNKD. Benzo-

diazepines appeared to be of symptomatic benefit in 3/4

patients with PNKD (Mirsattari et al., 1999).

PNKD -- Salient Features Recapped:

- Usually autosomal-dominant pattern, typically begins in

childhood; mean age �8 yr

- Attacks occur at rest and are precipitated by alcohol,

tobacco, coffee, excitement and fatigue. Clinical

manifestations vary from dystonia to choreoathetosis

- Duration of attacks: 30min -- 3--4 h (longer than PKD),

frequency of attacks from 2 to 3/day to 2/year (less

frequent than PKD)
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- Most cases of classical PNKD due to Ala to Val

substitution or other mutations in the MR-1 gene on the

long arm of chromosome 2

- Patients with atypical PNKD may not have mutations in

the MR-1 gene

- Less amenable to treatment as compared to PKD,

however, anti-convulsants must be tried in every patient

- Benzodiazepines, anti-cholinergics and haloperidol have

been tried with inconsistent responses

- Anecdotal reports of efficacy of DBS in treating PNKD

are present in the literature, but larger studies are lacking.

PAROXYSMAL EXERCISE-INDUCED
DYSKINESIAS (PED)

Clinical Features

PED is a rare form of PxD, usually inherited in an autoso-

mal-dominant manner, although some sporadic cases have

been reported (Sethi, 2000; Bhatia et al., 1997). Male to

female predominance is in a ratio 2:3. Mean age of onset of

attacks is about five years, ranging from 2 to 30 years.

Classically, the attacks are brought on by prolonged exer-

cise, although passive movements, electrical nerve stimu-

lation and exposure to cold have also been reported to

precipitate attacks (Wali, 1992). Although the episodes can

be variable, in a review of 20 cases by Bhatia et al. dystonia

affecting the feetwas themost common presentation,with a

hemidystonic distribution being the next most common

(Bhatia, 1999). Also, exercise limited to a particular body

part may provoke dystonia in that body part alone (Plant

et al., 1984). The frequency of the attacks varies from one

per day to two per month and the usual duration is from

minutes to two hours. Attacks usually cease within 10

minutes of stopping the exercise (Nardocci et al., 1989).

PED has also been reported in combination with mi-

graines, different forms of epilepsy and dystonia. Kamm

et al. reported a German family with four affected mem-

bers, who exhibit the above mentioned conditions in vari-

able combinations (Kamm et al., 2007). DeGrandis et al.

have also reported a case of PED with the presence of

interictal myoclonus and dystonia; however, they did not

check for the e-sarcoglycan mutation in the patient to rule

out myoclonus dystonia (DeGrandis et al., 2007). Several

case reports have also suggested that PED can be the

presenting symptom in patients with young-onset or the

familial form of Parkinson’s disease (Bozi and Bhatia,

2003; Bruno et al., 2004b; Katzenschlager et al., 2002).

Genetics

PED is much less common compared to PKD and PNKD,

hence little genetic information is available regarding this

condition. In the study by Bruno et al. �68% patients

negative for MR-1 mutation may actually have had PED,

as their attacks of dyskinesias were provoked by exercise

(Bruno et al., 2007). Phenotypically variant forms of PED

have revealed significant heterogeneity; however, the un-

derlying genetic mutations remain currently unidentified.

Genetic studies in a family with PED andmigraines did not

show any linkage to the loci on chromosome 16 (PKD and

ICCA), chromosome 2 (PNKD) or chromosome 19p (fa-

milial hemiplegic migraine) (M€unchau et al., 2000). An-

other study in a family with typical exercise-induced

dystonia, different types of epilepsy (absence and primary

generalized seizures), developmental delay and migraine,

in variable combinations, also did not reveal linkage to loci

on chromosome 2 and 16 (Kamm et al., 2007).

Treatment of PED

These are attacks most commonly of dystonia precipitated

by prolonged exercise in addition to some other triggers.

Avoidance of prolonged exercise may help diminish the

frequency of attacks. Anti-convulsants, such as carbamaze-

pine have been usedwith limited success in the treatment of

PED. Levodopa has been reported to be efficacious in some

instances (McGrath and Dure, 2003). Benzodiazepines and

anti-cholinergic agents have not benefited most of the

patients treated with them. In one case report, Guimaraes

et al. described a 40-year-old woman, whose condition

worsened on treatment with acetazolamide, whereas gaba-

pentin greatly reduced the frequency and severity of the

attacks (Guimar~aes and Vale Santos, 2000). In cases of

medically refractory PED, Bhatia et al. have reported suc-

cessful amelioration of episodes of PED with unilateral

posteroventralmedial pallidotomyand the patient remained

attack free at the six-month follow-up (Bhatia,Marsden and

Thomas, 1998). In a case of secondary PED due to an

insulinoma, hypoglycemia precipitated the episodes, which

resolvedduringhyper-oreuglycemia.Removalof the tumor

abolished the attacks (Tan et al., 2002). Although dystonia

following trauma is common, aChinese individual hadPED

following a back injury after a motorcycle accident, which

had an excellent response to low-dose baclofen (Lim and

Wong,2003).Asmentionedearlier,PEDcanbeapresenting

symptom of young-onset Parkinson’s disease; in the two

patients reportedbyBoziandBhatia,bothpatients improved

after treatment of their Parkinson’s disease with benzhexol

and levodopa (Bozi and Bhatia, 2003).

PED -- Salient Features Recapped:

- Usually of an autosomal-dominant etiology with a mean

age of onset �5 yr (age range 2--30 yr)

- Attacks precipitated by prolonged exercise and exposure

to cold
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- Frequency of attacks: 1/day to 2/month; duration of

attacks: minutes to 2 h. Attacks usually cease within

10min of stopping exercise

- Exercise limited to one part of the body may provoke

dystonia in that body part alone

- Genetic mechanisms of the disease remain to be

elucidated

- Avoidance of prolonged exercise and other triggers is the

most effective method of preventing the attacks

- Carbamazepine and benzodiazepines have been used with

limited success; levodopa has been useful in a few cases

- A case report of successful treatment with unilateral

posteroventral medial pallidotomy is present in the

literature, but more studies are needed.

Miscellaneous Paroxysmal Movement Disorders

Besides the classic syndromes described by Demerkiran

and Jankovic, there are some other paroxysms with dysto-

nia, tremor and ataxia as their main features. These are

briefly mentioned in Table 22.2. For a more detailed

description, please refer to the review by Schneider and

Bhatia (Schneider and Bhatia, 2007). In addition, Pourfar

et al. have reported four cases of their own, with four other

cases that do not fit into the above mentioned categories.

They propose that, instead of the distinct categories as put

forth by Demerkiran and Jankovic, they represent a con-

tinuum with most cases presenting with predominant fea-

tures of one or the other (Pourfar et al., 2005).

Also, in recent years, significant advances have been

made in understanding the genetic etiology of these dis-

orders, if a clear genetically based etiology is found, it may

lead to a new genetically based re-classification of these

disorders.

PAROXYSMALHYPNOGENIC DYSKINESIA
(PHD): A FORM OF EPILEPSY?

In 1981, Lugaresi et al. reported five patientswith nocturnal

episodes characterized by intermittent attacks of dystonia,

chorea or ballism during non-REM sleep, in particular

stages 2 and 3. The attacks occured in clusters up to 20

times a night, each lasting about 30--60 seconds. The

involuntary movements could be localized to one limb,

involve all the extremities or the trunk aswell (Lugaresi and

Cirignotta, 1981). Patients could also have automatisms,

vocalizations and subsequent sleep disturbances. The dis-

order did not spontaneously improve over the years, how-

ever almost all patients responded to even low doses of

carbamazepine. The stereotypic pattern of movements,

short duration and response to anti-epileptics suggested an

epileptic etiology of the events; however, the absence of

ictal and interictal EEG abnormalities made it difficult to

classify it as epilepsy (Provini, Plazzi and Lugaresi, 2000).

Hence, the disorder was thought of as amovement disorder.

However, using zygomatic and sphenoidal electrodes Ti-

nuper et al. foundmesial frontal lobe origin of the attacks in

three patients (Tinuper et al., 1990). Also the phenotype of

the EEG negative patients was clinically indistinguishable

from the patients with frontal lobe onset of seizures,

suggesting that PHD may actually represent nocturnal

frontal lobe epilepsy (NFLE) (Hirsch et al., 1994). Video

polysomnography with EEG monitoring may be necessary

for the diagnosis of NFLE to detect the stereotypical

abnormal movements during the attacks (Provini, Plazzi

and Lugaresi, 2000).

However, clinically one encounters patients that have

both daytime and night-time attacks of paroxysmal dyski-

nesia and some are hard to classify using the current

classification schemes (Pourfar et al., 2005). In this setting

it is useful to remember that the first case of PHD was

described by Joynt and Greene in a patient who had

multiple sclerosis, and daytime attacks as well (Joynt and

Green, 1962). Horner and Jackson described a family with

PHD in which some members had daytime attacks (Horner

and Jackson, 1969). The presence of daytime attacks in

these earlier case reports makes it less likely that these

patients would have had NFLE. However, it is possible that

most patients with PHD represent a form of epilepsy, but

this will not be covered in detail in the context of this

chapter.
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A wide range of movement disorders cannot be classified

into the classical sub-categories of syndromes. According

to the body localization, these miscellaneous syndromes

can be divided into four groups: face, neck, trunk and

limb disorders. When available, an etiologic treatment

can be proposed in these disorders considering the benefit/

risk ratio, but the cause often remains undetermined. Due to

the small number of patients and the nosologic difficulties,

randomized, controlled therapeutic trials are lacking inmost

of these disorders. Symptomatic treatment strategy is there-

fore based mainly on open-labeled observations and

personal experience. Botulinum toxin is a safe and efficient

therapeutic option in facial disorders, including hemifacial

spasm, facial hemidystonia, tonic spasm and may be

occasionally used in geniospasm, bruxism, chronic myo-

kymia, myoclonic dystonia, or dystonic tics of the face.

Neck tongue syndrome and bobble-head doll syndrome are

important to identify as they may require additional inves-

tigations and can be improved with surgical treatment.

Treatment of movement disorders of the trunk including

spinal and propriospinal myoclonus, and belly dancing

are disappointing. However, treatment with benzodiaze-

pines or various anti-epileptic drugs, and in some cases

botulinum toxin injections, may result in partial improve-

ment in these conditions. Among limb movement

disorders, symptomatic treatment can be alternatively

proposed in the absence of possible etiologic treatment.

Painful legs and moving toes are often resistant to

analgesic treatment and may respond to epidural block

or epidural spinal cord stimulation. Stump dyskinesias

can be improved with baclofen, gabapentin or anti-

depressant treatment, whereas paroxysmal movement

disorders may respond to anti-epileptic drugs or benzo-

diazepines. Treatment of causalgia dystonia syndrome is

challenging and includes a combination of physiotherapy

and psychotherapy.

INTRODUCTION

Besides the various movement disorders that can be classi-

fied into one of the “classical” sub-categories of syndromes

(e.g., chorea, dystonia, myoclonus, etc. . . .), a myriad of

individual movement disorders is observed and requires

appropriate diagnosis and treatment. In order to avoid a

fastidious list of miscellaneous diseases and syndromes, a

proposed strategy is to consider these movements with

a double approach:

(1) According to the body localization (face/neck, upper

or lower limbs, trunk and stance)

(2) According to the provoking factor and/or the accom-

panying signs.

For each type of movement, a brief description and

differential diagnosis will be provided, then available

treatments and algorithms for management will be pro-

posed. In these disorders, a strong consistent body of

evidence for beneficial effects of the treatments, based

on randomized, controlled trials, is rarely available and

most of the results are based on open-labeled observa-

tions or expert opinion, clinical experience and personal

expertise.

FACIAL MOVEMENT DISORDERS
(TABLE 23.1)

Jerky Movements

The most frequent movement disorder is hemifacial

spasm, which is characterized by unilateral involuntary

contraction of muscles innervated by the facial nerve (see

Chapter 17 on cramps and spasms). The symptoms often

predominate around the eye (orbicularis oculi), with

syncinetic contractions of the jaw and lips. The platismus
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muscle is frequently involved with unaesthetic prominent

contractions of the muscle bundles. Most of the time, as

defined, hemifacial spasm is unilateral, but bilateral

spasms have been reported. In that case, the contractions

of both sides of the face are neither simultaneous nor

synchronous.

The theoretical differential diagnosis is blepharospasm.

In contrast to hemifacial spasm, muscle contractions are

bilateral, although sometimes slightly asymmetrical, and

contractions of peri-ocular muscles are synchronous and

may spread to the eyebrows, forehead, lower face (Meige

syndrome) and neck (craniocervical dystonia).

A more tricky differential diagnosis is “epilepsia par-

tialis continua” restricted to the face. Depending on the

somatotopic representation of the face on the primary

motor cortex, the clonic spasms may involve one side of

the face. Two clues are helpful in this differential diag-

nosis: (i) the clonic movements may be predominantly on

the lower part of the face or equally involve the upper and

lower face; (ii) clonic movements may spread to the

contralateral eyebrow or forehead muscles; this never

happens in case of primary or secondary (post-paralytic)

hemifacial spasm, and only syncinetic movements (blink)

can be observed.

Facial hemidystonia is more a theoretical than a real

differential diagnosis, as it is most of the time related to

secondary dystonia (e.g., secondary to a basal ganglia

lesion or stroke).

Tonic spasm of the lower face is sometimes more diffi-

cult to recognize, with forced closure of themouth or lateral

deviations of the jaw. Although the main cause may be

psychogenic (with modification or alteration with distrac-

tion maneuvers) one should be careful about brain stem

lesions (tumors or inflammatory lesions, such as inmultiple

sclerosis). In any case, brain MRI should be done.

Except in the case of epilepsia partialis continua, the

common features of these different movement disorders is

the occurrence of clonic or tonic spasms in a relatively

localized part of the face, with the involvement of easily

identifiable muscles.

Botulinum toxin (Costa et al., 2005) is effective and safe

for treating hemifacial spasm, as attested by extensive

literature (see Chapter 17) concordant with the results of

open-label studies (Costa et al., 2005). In contrast, there are

no specific data on the use of botulinum toxin in facial

hemidystonia or in tonic spasms of the lower face, but the

analogy with the beneficial effects in blepharospasm

and Meige syndrome allows the use of botulinum toxin

Table 23.1 Treatment approaches to facial movement disorders.

Syndrome Clinical features Causes Management

Hemifacial spasm Unilateral jerky movements of

muscles innervated by the

facial nerve (rarely bilateral).

Neurovascular contact Local botulinum toxin type A

Injections into orbicularis oculi

muscle (rarely, lower facial

muscles, in addition), see

Chapter 17

Facial myokymia Fine vermicular muscle

contractions localized

(e.g., chin, eyelid);

Brain stem tumor Local botulinum toxin type A

injections

multiplets (electrophysiology) Multiple sclerosis irradiations

(benign when limited to the

eyelid)

Low-dose carbamazepine

oxcarbazepine, gabapentin

Geniospasm Isolated chin tremor Idiopathic Local botulinum toxin type A

Autosomal dominant Into the chin muscle

Oculomasticatory

myorythmia

Slow, rhythmic tremor/

myoclonus of the face and

jaw pendular vergence

oscillations of the eyes

Whipple’s disease Treatments forWhipple’s disease

Bruxism Tooth grinding and tooth

clenching

Idiopathic (rarely, secondary to

radiotherapy, drug addicts)

Local botulinim toxin injections

into the masseter and

temporalis muscles

Hypertrophy of the masseter

and temporatis muscles
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injections in the range of the doses used for facial muscles

in those with focal dystonia (Balash and Giladi, 2004;

Naumann et al., 2006).

Myokymias are defined by continuous fine vibrating

muscle contractions (motor unit potential discharges). They

are often observed in post-paralytic facial syndrome, (fea-

turing muscle synkinesis, myokimia and involuntary rhyth-

mic contractions). In addition, patients with facial palsymay

exhibit, in the early stages, an increase in their spontaneous

blinking rate, as well as a sustained low-level contraction

of the muscles of the most paralyzed side, mimicking

controlateral facial spasm or even “blepharospasm-like”

muscle activity (Valls-Sole and Montero, 2003). Unlike

post-paralytic facial hemispasm (plusmyokymia), this early

manifestation does not require botulinum toxin injections

and is rapidly self-resolving.

In brief, the presence of myokymia, combined with the

electrophysiological detection ofmultiplets and neuromyo-

tonia suggests an increase of motor axonal membrane

excitability and/or peripheral denervation/re-inervation.

Among the various causes of focal myokymias (masse-

ter, mentalis, muscles, tongue) (Sedano et al., 2000), tumor

irradiation (Liu, Chen and Chang, 2007) or brainstem

tumors are the most frequent. Focal myokymia of the

superior oblique muscle are characterized by episodic

monocular oscillopsia. Low doses of cabamazepine, ox-

carbazepine or gabapentine have a partial beneficial effect

in 2/3 patients, whereas the effects of valproic acid are

rarely reported, but may be interesting in individual cases.

Chronic myokymia limited to the eyelid is a benign

condition, lasting from a few months up to 20 years and

is unilateral. Very seldom (1/15) this symptom progresses

to ipsilateral hemifacial spasm, but it does not progress to

other types of facial movement disorders. In a few cases,

botulinum toxin injections relieve discomfort and improve

the abnormal movement (Banik and Miller, 2004).

Rhythmic Movements

The frequency and the localization of rhythmic movements

are important clues for diagnosis and subsequent treatment.

As Chapter 11 specifically addresses the topic, only two

types of tremors will be briefly mentioned.

A fast, intermittent tremor localized on the chin is

characteristic of chin tremor or geniospasm (Devetag Cha-

laupka et al., 2006; Papapetropoulos and Singer, 2007). In

this benign condition, patients may present chin tremor

from infancy, with a benign evolution throughout life and

with intermittent fluctuations of the tremor. In most cases,

this condition does not require any treatment. Nevertheless,

some patients may be treated with low-dose botulinum

toxin injections for aesthetic reasons (Bakar et al., 1998;

Gordon, Cadera and Hinton, 1993). A slow, rhythmic

tremor of the face and jaw, with pendular vergence

oscillations of the eyes (oculomasticatory myorythmia) is

highlyevocativeofWhipple’sdisease(Schwartzetal.,1986).

Appropriate explorations (brain MRI, lumbar puncture,

Whipple’s PCR, intestinal biopsy, etc. . . .) should be

performed. Even in the absence of anatomic or biological

confirmations of the diagnosis, patients with oculomasti-

catory myoryhtmia should be treated presumptively for

Whipple’s disease with appropriate antibiotics (Hausser-

Hauw et al., 1988).

In some cases of Whipple disease, additional movement

disorders such as bruxism (Tison et al., 1992) or leg

myoclonus may be observed (Rajput and McHattie, 1997).

Rare cases of facial myoclonus may require specific

treatments:

* Myoclonus involving tongue, face, pharynx and some-

times legs has been described in infants with a neuro-

logical syndrome of infantile cobalamin (vitamin B12)

deficiency. When vitamin B12 is introduced there is

spontaneous improvement.
* Progressive continuous myoclonus of the face with

ipsilateral spastic hemiparesis (over a period of three

years) related to Rasmussen encephalitis has been

treated with injections of botulinum toxin in the zygo-

maticus muscle.
* Myoclonic dystonia of the face is a rare condition (when

isolated). A case of myoclonic dystonia has been de-

scribed in a patient with putaminal lesion related to

progressive multi-focal leucoencephalopathy. In this

case, botulinum toxin could have been proposed to the

patient as symptomatic relief.

Intermittent Tonic Contractions

Bruxismisdefinedbytoothgrindingandtoothclenchingwith

hypertrophy of the masseter and temporalis muscles and

imbalance between opening and closing muscles of the jaw

(Chikhani and Dichamp, 2003). Most frequently observed

during the night, this conditionmay generate severe pain and

lead to alterations in the temporomandibular joints, and tooth

destruction. Although bruxism is often a primary condition

(including oromandibular dystonia), it can be observed in

cases of peripheral lesions or more widespread brain alter-

ation (secondary tohead injury, radiotherapy (Lou,Pleninger

and Kurlan, 1995), Huntington’s disease (Nash et al., 2004),

amphetamine addiction (Tan and Jankovic, 2000). Although

no randomized trials of botulinum toxin have been

conducted in this condition, open-label studies confirm

the efficacy and innocuousness of local (masseter and

temporalis muscles) injections.

Sub-groups of patientswith bruxisms belong to the group

of patientswith orofacial dystonia (seeChapters 13 and 14).

Dystonic tics, in contrast to “usual” tics, are more often

slow, with temporarily sustained spasms. They may mimic
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blepharospasm or spasmodic torticollis (Jankovic and

Stone, 1991) (with twisting or pulling movements of the

neck). In patients with true Gilles de la Tourette syndrome,

theymay be difficult to distinguish from tardive dystonia or

tardive tics (Singh and Jankovic, 1988). Nevertheless,

voluntary control of the tics may be obtained for at least

one minute. Open-label studies report that botulinum toxin

injections in the muscle involved in the tonic spasms may

be efficacious, both for the involuntary movements and for

the premonitory sensory component associatedwith the tics

(Jankovic, 1994).

In contrast to dystonia, the treatment of dystonic ticsmay

require only a few injections, as ticsmay evolve and change

throughout time.

NECK AND TRUNK MOVEMENT
DISORDERS (TABLE 23.2)

Neck

Most of themovement disorders of the neck can be included

in the three main categories: dystonia (including dystonic

tremor and myoclonic dystonia, tardive dystonia), tremor

(mainly heat tremor as part of essential tremor) and tics;

they have been discussed in previous chapters.

Other types ofmovement disorders of the neck are part of

more widespread diseases. Among them, tremor can be

observed as part of Parkinson’s diseases, with a slow 6Hz

postural and rest head tremor, which may be partially

improved by anti-parkinsonian treatment (L-dopa). Slow,

2--4Hz, tremor is observed in lesions of the cerebellar

pathway, including severe multiple sclerosis, leucodystro-

phies, midbrain lesions or severe heat injury. In most of

these cases, there is no efficient pharmacological treatment

and botulinum toxin injections may be proposed to the

patient with only partial relief.

Three particularmovementsmay be important tomention

because of specific therapeutic and diagnostic implications:

* Neck tongue syndrome is defined by severe neck pain,

torticollis and tongue atrophy (O’Meara and Wise,

1995). This symptom may reveal atlantoaxial osteoar-

thritis (sometimes of tuberculosis origin), especially in

children. Treatment is related to the cause of the neck-

tongue syndrome.

In adults, the syndrome may be less spectacular,

without movement disorders and nuccal and occipital

pain with ipsilateral numbness of the tongue. This is

related to a compression of the second cervical root in

the atlantoaxial space on sharp rotation of the neck.

Recently, a familial form of neck tongue syndrome has

been described, without any lesion (Lewis, Frank and

Toor, 2003).
* Bobble-head doll syndrome is a movement disorder

present in childhood, characterized by stereotypical

head movements (up and down) at a frequency of 2 to

Table 23.2 Treatment approaches to neck and trunk movement disorders.

Syndrome Clinical features Causes Management

Bobble-head doll

syndrome (childhood)

Stereotypical head movements

(2--3Hz)
Third ventricle tumors with

hydrocephalus;

Surgical treatment of

the underlying lesion

Dandy--Walker malformations;

shunt dysfunctions

(hydrocephalus)

Head banging

(9 mo--10 yr old)

Rhythmic movements of

the neck, body rocking

Sleep onset Low-dose

benzodiazepines

Rarely persist during

adulthood

Sleep (stage II or REM sleep)

Spinal myoclonus Bilateral often symmetrical

synchronous trunk movements

(usually 3--5Hz)

Focal spinal cord lesions Benzodiazepines

Propriospinal myoclonus Axial jerks involve several

metameres. Predominantly in

lying position; specific EMG

propagation pattern

Most often no visible lesions Benzodiazepines

Rarely spinal cord lesions

Belly dancing Undulating abdominal

movements of the abdominal

muscles associated with pain

Recurrent abdominal surgery Transcutaneous

electrical nerve

stimulation (?)
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3Hz (Mussell et al., 1997; Goikhman et al., 1998). This

movement disorder is usually associated with lesions of

the third ventricle and ventricle dilatation (Tomasovic,

Nellhaus and Moe, 1975). Dandy--Walker malforma-

tion (de Brito Henriques et al., 2007), supra or intra-

sellar arachno€ıd cysts or third ventricular tumors with

hydrocephalus may present with this particular inter-

mittent movement disorder (differential diagnosis ste-

reotypy and tics). As bobble-head doll syndrome is a

surgically curable entity, patients require MR imaging

and neuroendocrinological explorations. Moreover, in

patients with hydrocephalus treated with a subduroper-

itoneal shunt, the occurrence of abnormal movements

may be symptomatic of shunt dysfunction (Ahn, Cho

and Wang, 1997).
* Head banging. Rhythmic movement disorders of the

neck may be observed as sleep-related disorders. They

include head banging and body rocking at sleep onset or

during the night (sleep stage II orREMsleep). These are

benign conditions. The average age of onset is nine

months and by the age of 10 years of age, themajority of

the subjects no longer present head banging. In some

normal adults, it may persist and become troublesome

to the bed partner (Mendez and Mirea, 1998). In such

cases, low dose benzodiazepines (0.5 to 2mg) may be

efficacious. Head banging and other various stereo-

types may be part of psychiatric manifestations (e.g., in

autistic or psychotic subjects) or self-injurious behavior

(e.g., in Lesch--Nyhan disease (Robey et al., 2003)

or in severe Gilles de la Tourette syndrome). In such

cases, sedative or anti-psychotic treatments may be

proposed.

Trunk

Trunk movement disorders can be separated in tonic-dys-

tonic postures and more mobile, rhythmic or arrhythmic

movement disorders.

In the first sub-group, dystonia of the trunk is the most

important feature (primary, related to tardive dystonia,

parkinsonism or camptocormia). The various problems are

detailed in the chapters on dystonia (Chapter 12 and

neuroleptic-induced movement disorders (Chapter 25).

In the second sub-group, spinal myoclonus and belly

dancing are the most frequent presentations.

Spinal Myoclonus

Spinalmyoclonusmay be limited to one or few segments of

the spinal cord and jerking is more commonly bilateral,

symmetrical and synchronous, although it may be unilat-

eral. The contraction rate is 3 to 5Hz (0.2--8Hz) and

occasionally the jerks are increased in the lying position

or with the legs flexed. In most of the cases, the myoclonus

may persist during sleep. Spinal myoclonus has been

described, with a wide variety of focal and diffuse lesion,

including (in a non-exhaustive list), spinal cord lesions,

myelites, viral infections and parainfection causes,

post-radiotherapy lesions, arteriovenous malformations,

syrinx, Hashimoto’s encephalopathy, interferon treatment,

vitamin B12 deficiency and so on. A variant of spinal

myoclonus, propriospinal myoclonus is characterized by

axial jerks that are non-rhythmic and involve several

metameres (flexion of the neck, trunk, proximal part of

legs and arms). Jerks are spontaneous or stimulus-induced

and EMG studies demonstrate that themyoclonus starts at a

thoracic level (most often) and propagates slowly, both

rostrally and caudally (see Chapter 24).

Treatments for spinal and propriospinal myoclonus are

mainly symptomatic: benzodiazepines (clonazepam) have

been reported to be partially efficient in various forms of

spinal myoclonus, either related to lesions or “primary”

forms. Itmay be of particular interest in cases that get worse

during light sleep or rest.

A large number of drugs (including tetrabenazine, tri-

hexyphenidyl, L-dopa, topiramate, piracetam (Ikeda et al.,

1996)) have been tested, but there are only a few reports of

beneficial effects. Botulinum toxin has been also proposed

as a treatment for localized myoclonus, but rarely. Overall,

few effects of medical treatments are known. In contrast, it

is worth knowing the iatrogenic causes of spinal and

propriospinal myoclonus, including intrathecal morphinic

agents and selective serotonin re-uptake inhibitors.

Intrathecal anaesthetics (diamorphine, fentanyl) may

lead to the emergence of myoclonic spasms, mainly affect-

ing the lower part of the body.Adaptation of dosesmayhelp

to control the occurrence of myoclonus in patients who are

treated via an implanted system for pain control. Systemic

tramadol may also be inplicated (one case) in spinal

myoclonus.

Serotonin syndrome developing after a treatment with

selective serotonin re-uptake inhibitors (SSRIs) may in-

duce confusion, agitation, headache, fever, hypertension

and myoclonus and the symptoms disappear after discon-

tinuation of the drug. Low doses of SSRIs may induce

spinal myoclonus in patients with pre-existing spinal

lesion.

Finally, propriospinal myoclonus related to Hashimoto’s

syndrome is worth knowing (Roze et al., 2007), as treat-

ment with steroids may improve the symptoms.

Belly Dancing

Focal uncontrolled abdominal movements, mimicking

a belly dancer, have been reported, mainly associated

with abdominal pain and a medical history of recurrent

abdominal surgery (see Chapter 17). More recently,

painless abdominal dyskinesia has been reported after
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an intramedullary tumor (Shamim and Hallett, 2007) or

centropontine mylinolysis (Roggendorf et al., 2007).

Although benzodiazepines, analgesic treatments and

botulinum toxin injections have been proposed to a few

patients, no marked improvement has been obtained. In

patients with severe pain, transcutaneous electrical nerve

stimulation is worth trying (Linazasoro et al., 2005).

LIMB MOVEMENT DISORDERS
(TABLE 23.3)

Movement disorders of the limbs are extensively covered in

the previous chapters and odd movement disorders are

either hyperkineticmovements (proximal or distal) or fixed

postures.

Hyperkinetic Movement Disorders

Most hyperkinetic movement disorders could be consid-

ered to be “induced” movement disorders and may be

related either to peripheral or central lesions or to various

types of trauma or surgery.

Peripherally Induced Movement Disorders

Painful Legs and Moving Toes

Painful legs andmoving toes consists of pain in the affected

limb(s) associated with spontaneous wriggling movements

of the toes (see Chapter 17). They may also occur in the

upper limbs (painful arms and moving fingers) (Spillane

et al., 1971). Although pain is the most disabling and

persisting part of the syndrome, painless legs and moving

toes have also been described (Walters et al., 1993).

In the vast majority of cases, the patients mainly com-

plain of pain and discomfort and rarely mention the move-

ments. Unfortunately most treatment modalities related to

pain have incomplete results and little effect on the moving

toes (Villarejo et al., 2004). Occasional success in treating

both pain and movement disorders has been obtained with

lumbar epidural block (Okuda et al., 1998), as a treatment

of pain, or with epidural spinal cord stimulation (Takahashi

et al., 2002; Raina, Piedimonte and Micheli, 2007).

Most often, these beneficial effects are reported in single

cases or small series (open-labeled). When movement

disorders are bothersome, local botulinum toxin injections

into the toes exterior and flexor muscles may be helpful

(Singer and Papapetropoulos, 2007).

Focal Myoclonus

Focal myoclonus of peripheral origin is a rare disorder and

may be considered as a differential diagnosis of painful leg

and moving toes. However, in peripheral myoclonus, jerks

are observed in themuscles corresponding to the territory of

the affected nerve or root. (e.g., traumatic or tumoral lesion

in the femoral nerve). In such cases, the movements are

improved after surgical treatment and liberation of the

femoral nerve (Shin et al., 2007).

Rippling Muscles

Ripplingmuscles (see Chapter 17) is a rare condition associ-

ated with caveolin-3 mutations (Kubisch et al., 2003). Asso-

ciated symptoms are muscle stiffness, exercise-induced

myalgia and cramp-like sensations. Rapid muscle contrac-

tions and “wavelets” (rippling muscles) are observed either

spontaneously or after muscle percussions (Kubisch et al.,

2003). To date, no specific treatment has been proposed.

However, rippling muscle syndrome can be revealed by

simvastatin and may be improved after discontinuation of

the treatment.

Peripheral factors have also been suggested in unusual

focal dyskinesia (shoulder movements). There are focal or

segmental movements with a slow, sinuous and semi-

rhythmic character with long-duration bursts (Caviness

et al., 1994). Pain is often present in the affected region

(with sometimes a past history of local and often benign

peripheral trauma). Local injections of botulinum toxin

may help to improve the muscle contractions and may

partially relieve the pain.

Stump Dyskinesias

Complex autonomous movements of the proximal extrem-

ity (stump) may develop after amputation (Kulisevsky,

Marti-Fabregas and Grau, 1992). These continuous move-

ments are often associated with pain and “phantom limb”

phenomena (see Chapter 17). Baclofen may be useful for

involuntary movements in post-amputation patients. In one

case, deep brain stimulation of the thalamus (Cm-pf)

improved both abnormal movements and pain (Krauss

et al., 2002). Occasionally, autonomous stump movements

have been improved by gabapentin (Mera et al., 2004) or

anti-depressant treatments.

Hyperkinetic Movement Disorders Related
to Central Lesions

Several types of hyperkinetic movement disorders have

been associated with spinal cord lesions or injury. In most

of the cases, sensory dysfunctions are present, although the

importance of sensory disturbances is not always sufficient

to explain the diversity of movement disorders.

Pseudo Athetosis

Pseudo athetosis has been describedwith spinal cord lesions,

syrinxorcervicaldischerniations. In the lattercase, improve-

ment of the movement disorders may be obtained after
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surgery. In line with this idea, cervical dystonia related to

spinal cord lesions may be improved after surgery (e.g.,

atlantoaxial subluxation).

Paroxysmal Movement Disorders

Paroxysmal movement disorders are rare in multiple scle-

rosis and may be related to spinal or brain demyelinating

plaques (Tranchant, Bhatia and Marsden, 1995). The trig-

gering factors may be sudden movement (paroxysmal

kinesigenic dyskinesia) or spontaneous appearance (chorea/

dystonia). A useful clue is the triggering of paroxysmal

phenomenon following prolonged hyperventilation.

Paroxysmal movements are often improved with low

doses of carbamazepine, gabapentin or benzodiazepines

(Viallet et al., 2001;Yetimalar, Gurgor and Basoglu, 2004).

Table 23.3 Treatment approaches to limb movement disorders.

Syndrome Clinical features Causes Management

Painful legs and

moving toes

Wriggling movements of the

toes þ pain and discomfort

Peripheral neuropathy See Chapter 17

Discal protrusion and

root compression

Transcutaneous electrical

nerve stimulation

(TENS);

epidural spinal cord

stimulation (rare);

botulinum toxin (rare)

Focal myoclonus of

peripheral origin

Jerks in the muscles corresponding

to the muscles related to the

affected nerve or root

Peripheral nerve lesions none

Rippling muscles Rapid muscle contractions

(“wavelets”) spontaneously or after

muscle percussion associated with

muscular stiffness and exercise.

Caveolin-3 mutations None

Induced myalgia

Unusual focal

dyskinesia (e.g.,

shoulder movements)

Slow sinuous semi rhythmic

movements with long duration

bursts on EMG. Often associated

with pain

Sometimes local trauma Botulinum toxin

Stump dyskinesias Autonomous movements of the strump. After amputations See Chapter 17

Often associated with pain or

“phantom limb”

Little treatment

Baclofen;

gabapentin;

Cm.pf deep brain

stimulation (1 case).

Paroxysmal movement

disorders

Paroxysmal Multiple sclerosis Carbamazepine

(low dose).

Kinesigenic dyskinesia� Gabapentin

Chorea/dystonia Benzodiazepine

Tonic spasms of the

limbs

Spontenaous or stimulus

induced tonic spasms (flexion or

extension or upper/lower limb)

Spinal cord lesions Phenyloin

(several seconds to minutes) þ pain Rarely lesions of internal

capsule or brainstem

Baclofen

Causalgia dystonia

syndrome

Fixed posture (dystonia) þ pain and

trophic changes (reflex sympathetic

dystrophy).

Peripheral injury

Psychogenic
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Tonic Spasms and Abnormal Postures

Painful, tonic/dystonic spasms of the limbs (either flexion

or extension postures) are rare. Spontaneous or stimulus-

induced tonic spasms are observed over several seconds or

minutes and are highly evocative of a spinal cord origin

(Cherrick and Ellenberg, 1986). They have been described

in various types of severe inflammatory lesions of the spinal

cord, including Sj€ogren’s disease (Taguchi et al., 2006;

Jabbari and Salardini, 1999) (attacks may occur up to 25

times/day). The painful spasms may respond to phenytoin

or to baclofen. Tonic spasms (also called “tonic seizures”)

maybe related to lesionsof the internal capsuleorof thebrain

stem (in relation to demyelinating disease or inflammatory

diseases, including post-infection myelitis). Occasional

improvements have been reported with carbamazepine or

valproate therapy (Libenson, Stafstrom andRosman, 1994).

Fixed postures of the limbsmay be observed in causalgia

dystonia syndrome (Bhatia, Bhatt and Marsden, 1993;

Schrag et al., 2004), and may be triggered by peripheral

injury. Various combinations have been reported and dys-

tonia may follow peripheral injury, may occur in isolation,

associated with other movement disorders such as tremor

or associated with other signs, from pain to vasomotor,

sudomotor and trophic changes up to a full-blown reflex

sympathetic dystrophy (RDS).

There is extensive literature on the role of trauma in the

development of these fixed postures.

Sympathetic blocks have been said to improve the

symptoms temporarily, but this cannot be considered as

a treatment. Sympathectomies are unhelpful and are not

recommended. Moreover, a wide range of medical treat-

ments, including botulinum toxin have been proposed with

little benefit (Bhatia, Bhatt and Marsden, 1993; Schrag

et al., 2004; Birklein et al., 2000).

Many patients fulfill the criteria for somatoform disor-

ders and in some cases they may be improved with a

combination of physiotherapy and psychotherapy (Schrag

et al., 2004). In a recent case, fixed dystonia was treated

with pallidal stimulation without any benefit and was

subsequently improved by motor cortex stimulation

(Romito et al., 2007), but this single observation has to

be confirmed (Espay et al., 2007).

CONCLUSION

For these rare movement disorders, in most of the cases

treatments were either related to the etiologic factor (espe-

cially in case of spinal cord lesions) or no specific treatments

were proposed, depending on the clinical presentation.

Benzodiazepines were proposed to most of the patients

and botulinum toxin was the second most frequently used

treatment in patients with focal abnormal muscle

contractions.

Various types of anti-epileptic drugs were proposed for

hyperkinetic or paroxysmal movement disorders, especi-

ally when additional pain was observed.

In all cases, therapeutic strategies were based on single

observations or small series and no prospective controlled

trial was available, as the movement disorders are both rare

and heterogeneous.
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Myoclonus
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CLINICAL MANIFESTATIONS AND
LOCALIZATION OF MYOCLONUS

Myoclonus is a phenomenologic term for sudden, brief,

shock-like involuntary movements caused by muscular

contractions or inhibitions (Fahn, 2002). Myoclonus dis-

orders are uncommon, with the annual incidence and

lifetime prevalence estimated to be 1.3 and 8.6 cases per

100 000 population, respectively (Caviness et al., 1999).

Myoclonus can arise from the cerebral cortex, subcortical

nuclei, brain stem, spinal cord or peripheral nerve, and

myoclonic movements of different origins carry dissimilar

phenomenological features (Shibasaki, 2006). Therefore, a

logical approach in evaluating a myoclonus disorder is to

start with localization before contemplating a syndrome or

etiology.

Phenomenologically, myoclonus is characterized by

distribution, provocability, rhythmicity, persistency in

sleep and relation to muscle contractions. Distribution of

myoclonus can be focal, segmental, axial, multi-focal or

generalized. Regarding provocability, myoclonus may

occur at rest (spontaneous myoclonus) or with voluntary

action (actionmyoclonus), or is triggered by various stimuli

(stimulus-sensitive or reflex myoclonus). Myoclonus is

usually irregular, but can be periodic or rhythmic, resem-

bling tremor. In sleep, cortical myoclonus ceases unless it is

epileptic, whereas certain myoclonus of subcortical origin

may persist. Most myoclonic movements are due to active

muscular contractions. However, myoclonus also occurs

due to sudden muscular inhibitions, and this type of myo-

clonus is called asterixis or negative myoclonus (Obeso,

Arteida and Burleigh, 1995).

Complementing phenomenological analysis, other neu-

rological findings and neuroimaging studies also help

localize the myoclonus generator. The most conclusive

localization comes from electrophysiological studies

(Shibasaki and Hallett, 2005). The electrophysiologic

definition of myoclonus is a movement of short duration

with a consistent, physiologic, temporospatial pattern. The

duration of cortical myoclonus on electromyography

(EMG) is usually less than 50 ms. In certain types of

subcortical myoclonus, or when larger muscles are

involved, the duration may be longer. Electrophysiological

studies of myoclonus utilize the techniques of EMG and

electroencephalography (EEG). A polymyographic record-

ing by surface electrodes can determine whether a move-

ment is myoclonic or not. The location of a myoclonus

generator is additionally inferred by the pattern of activa-

tion on polymyography. EEG probes the other end of the

motor pathway, and is indispensable in diagnosing cortical

myoclonus.

Cortical myoclonus manifests in a variety of distribu-

tions and provocability. Action or reflex myoclonus in a

multi-focal distribution is characteristic of cortical myoc-

lonus. Cortical myoclonus is epileptic when jerky move-

ments occur with epileptiform discharges on EEG.

However, considering the limited sensitivity of EEG and

pathophysiology of myoclonus, distinction between epi-

leptic and non-epileptic cortical myoclonus is not always

clear (Krauss and Mathews, 2003). For cortical myoclonus

that is not accompanied by obvious epileptiform dis-

charges, its cortical origin is evidenced electrophysiologi-

cally by the presence of a cortical signal preceding the jerky

movement. This finding is best revealed by the technique of

jerk-locked back averaging. An exaggerated cortical

response in the somatosensory-evoked potential study is

also specific to cortical myoclonus.

There are several forms of brain stem myoclonus, for

example, palatal myoclonus (also called palatal tremor),

brain stem reticular myoclonus and startle syndromes.

Palatal myoclonus or tremor is caused by rhythmic

contractions of the palatal muscles (Deuschl and

Wilms, 2002). This syndrome is covered in more detail in

Chapter 11. Brain stem reticular myoclonus presents as
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axial or generalized jerks (Hallett, 2002). It is typically

stimulus-sensitive, and is also referred to as reticular reflex

myoclonus. The generator of brain stem reticular myoclo-

nus is in the lower brain stem, and on polymyography, the

movement starts in muscles innervated by the lower brain

stembefore spreading up the brain stemand down the spinal

cord. In startle syndromes, the movement is an exaggerated

form of physiologic startle response, which is a generalized

myoclonic movement triggered by unexpected stimuli

(Shibasaki, 2007). The generator of the startle response is

mapped to the medial bulbopontine reticular formation. In

hereditary startle syndrome, that is hyperekplexia, most

cases are caused by mutations in the a1 sub-unit of the

glycine receptor.

Two types of myoclonus arise from the spinal cord,

spinal segmental myoclonus and propriospinal myoclonus

(Rothwell, 2002). Spinal segmental myoclonus presents as

segmental jerks, and is sometimes rhythmic or periodic.

The distribution of myoclonus in a single or a few adjacent

myotomes points to the location of its generator in the

spinal cord. Propriospinal myoclonus presents as axial

jerks, and may be position-dependent. On polymyography,

propriospinal myoclonus usually starts in the abdominal

muscles, and propagates at a speed corresponding to that of

a slow-conducting propriospinal pathway.

At the peripheral end of the neuraxis, myoclonus occa-

sionally emerges from the nerve root, plexus or nerve.

Hemifacial spasm is the prototypic peripherally generated

myoclonus, although duration of the movement is at times

beyond the myoclonic range (Nielsen, 1985). Myoclonus

has been reported to occur after damage to peripheral

nerves, and is considered a peripherally inducedmovement

disorder (Jankovic, 2001). In those instances, the myoclo-

nus generator may still reside centrally and not necessarily

in the peripheral nervous system (Shin et al., 2007).

ETIOLOGY OF MYOCLONUS

In view of the vast heterogeneity in etiology, causes ofmyo-

clonus are first classified into four broad categories----

epileptic, physiologic, essential and symptomatic (Fahn,

2002). Epileptic myoclonus is a fragment of epilepsy, and

is evaluated and managed in the context of a seizure disor-

der. Physiologic myoclonus refers to myoclonus that is

a normal motor phenomenon, for example, the startle

response, hypnic jerk and hiccup. However, when a patho-

logical process invades the circuitry of physiologic myoc-

lonus, it can produce excessive jerks phenomenologically

similar to physiologic myoclonus.

Essential myoclonus is a monosymptomatic condition

that is often early-onset, non-progressive, and familial.

Essential myoclonus shares many features with myoclonus-

dystonia, a hereditary movement disorder with myoclonus

and dystonia (Asmus and Gasser, 2004). In myoclonus-

dystonia, alcohol-responsive myoclonus is the defining

feature, and has a predilection for the upper body. Dystonia

may be subtle or absent. Patients with myoclonus-dystonia

have no other neurological abnormalities, but have an

increased risk of developing obsessive-compulsive disorder

and other anxiety disorders (Hess et al., 2007). Two loci,

DYT11 and DYT15, have been linked to myoclonus-

dystonia, and e-sarcoglycan is the disease-causing gene in
DYT11.

The majority of myoclonus disorders fall into the symp-

tomatic category, in which a cause can be identified across

the spectrum of neurological diseases (Table 24.1). When

the cause is not apparent, a syndromic diagnosis is a useful

intermediate step. Most types of myoclonus of subcortical

origin constitute myoclonus syndromes, because each has

a characteristic manifestation and a finite number of

causes. There exist a number of myoclonus syndromes

containing cortical myoclonus, such as progressive

myoclonic ataxia, post-hypoxic myoclonus, epilepsia par-

tialis continua, and myoclonus accompanying dementia or

parkinsonism.

Progressive myoclonic ataxia (Ramsay Hunt syndrome)

is a heterogeneous group of early-onset, progressive

disorders with myoclonus and ataxia. Progressive myo-

clonic ataxia overlaps in clinical presentations and causes

with progressive myoclonus epilepsy, an epileptic syn-

drome dominated by epileptic myoclonus (Marseille

Consensus Group, 1990). Inborn errors of metabolism and

neurodegenerative disorders account for most causes of

progressive myoclonic ataxia. Post-hypoxic myoclonus

(Lance--Adams syndrome) occurs as the brain recovers

from acute hypoxic damage. A variety of types of myoc-

lonus occur in post-hypoxic myoclonus, especially multi-

focal action myoclonus, negative myoclonus and brain

stem myoclonus (Frucht, 2002). Epilepsia partialis con-

tinua is a myoclonus syndrome of focal cortical origin

(Cockerell et al., 1996). Despite its name, epileptiform

discharges are not always detected in this condition. Epi-

lepsia partialis continua is mostly caused by Rasmussen’s

encephalitis and other focal cortical lesions. Myoclonus is

a non-specific finding in dementing or parkinsonian dis-

orders, often in their advanced stage (Caviness, 2003).

However, in the early stage of such disorders, presence of

focal myoclonus is suggestive of corticobasal degenera-

tion, and presence of periodic or quasi-periodic myoclonus

should be an alert to a diagnosis of Creutzfeldt--Jakob
disease. Opsoclonus-myoclonus syndrome is another my-

oclonus syndrome, in which myoclonus is likely of brain

stem origin (Gwinn and Caviness, 1997). It can be para-

neoplastic or due to other causes. The paraneoplastic

opsoclonus-myoclonus syndrome is associated with neu-

roblastoma in children and with lung, breast or ovarian

cancer in adults (Wong, 2007).
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TREATMENT OF MYOCLONUS: GENERAL
PRINCIPLES AND COMMONLY USED
MEDICATIONS

Treatment of myoclonus should first focus on the cause,

whenever it is treatable. A treatable pathogenic mechanism

also provides opportunities for therapeutic interventions;

for example, opsoclonus-myoclonus syndrome in children

is known to respond to immunotherapies (Wong, 2007).

Symptomatic treatment of myoclonus is indicated when

myoclonus inflicts discomfort, interferes with care or

interrupts voluntary activities. There are a number of

pharmacological and non-pharmacological anti-myoclonic

therapies. Several factors are considered in selecting

appropriate treatment for individual patients. Of primary

importance is the origin of the myoclonus, since treatment

suitable for cortical myoclonus may not be effective for

brain stem or spinal myoclonus, and vice versa. Some anti-

myoclonic medications can affect the mental status or

balance, so the tolerability of patients needs to be weighed.

The elderly and those who are already cognitive or neuro-

logically impaired are particularly vulnerable to these

adverse effects. Treatment of myoclonus is often challeng-

ing, and significant lessening ofmyoclonusmay not always

be feasible. A realistic portrait of the outcome of anti-

myoclonic treatment for the patients helps avoid disap-

pointment in difficult situations.

Table 24.1 Selected causes of symptomatic
myoclonus.

Inborn errors of metabolism

Unverricht--Lundburg disease

Lafora disease

Neuronal ceroid lipofuscinosis

Sialidosis

Mitochondrial disorders

Metabolic

Hepatic failure

Renal failure

Dialysis disequilibrium syndrome

Hyponatremia

Hypoglycemia

Non-ketotic hyperglycemia

Vitamin E deficiency

Toxin-induced

Mercury

Bismuth

Aluminum

Tetra-ethyl lead

Organochlorine insecticides

Dichoroethane

Toluene

Drug- or substance-induced

Narcotics

Neuroleptics

Anti-depressants

Lithium

Buspirone

Anti-epileptics

Levodopa

Anesthetics

Anti-microbials

Calcium channel blockers

Anti-arrhythmics

Contrast media

Pseudoephedrine

Cocaine

Marijuana

Methylenedioxymethamphetamine (Ecstasy)

Neurodegenerative: parkinsonian or dementing

Corticobasal degeneration

Creutzfeldt--Jakob disease

Parkinson’s disease

Progressive supranuclear palsy

Multi-system atrophy

Huntington’s disease

Wilson’s disease

Hallervorden--Spatz disease
Alzheimer’s disease

Dementia with Lewy body

Neurodegenerative: ataxic

Friedreich’s ataxia

Ataxia-telangiectasia

Spinocerebellar ataxia

Dentatorubropallidoluysian atrophy

Other structural lesions: diffuse or multi-focal

Post-hypoxic

Post-traumatic

Infectious

Inflammatory

Paraneoplastic

Whipple’s disease

Celiac disease

Other structural lesions: focal

Stroke

Tumor

Abscess

Demyelinating

Developmental

Lesions in the nerve root, plexus and peripheral nerve

Psychogenic
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Fundamentally, at the cellular level, myoclonus and

epilepsy are similar in that both are generated by abnor-

mal, hyperexcitable neural circuits (Krauss and Mathews,

2003). Therefore, drugs with known anti-epileptic effects

have been the prime source of anti-myoclonics. Anti-

epileptics have diverse pharmacological mechanisms, and

certain anti-epileptics are more potent anti-myoclonics

than others.

Benzodiazepines are agonists of the type A receptor of

g-aminobutyric acid (GABA), and have been widely used

to treat myoclonus. Among scores of benzodiazepines with

different pharmacokinetics, clonazepam is the most com-

monly used anti-myoclonic. Benzodiazepines have the

broadest range of effectiveness formyoclonus of all origins,

including cortical, brain stem and spinal myoclonus

(Caviness and Brown, 2004; Nirenberg and Frucht,

2005). Valproate is another frequently used anti-myoclonic.

It enhances the inhibitory action of GABA, but the exact

mechanism is unclear. Valproate is effective for cortical

myoclonus, but less so for myoclonus of subcortical origin

(Caviness and Brown, 2004; Nirenberg and Frucht, 2005).

In the newergenerationof anti-epileptics, levetiracetam is

the most notable anti-myoclonic. Levetiracetam binds to

synapticvesicleprotein2A,andmodulatesGABA-mediated

neurotransmission (Lynch et al., 2004).Another structurally

related drug, piracetam, has a similar anti-myoclonic effect,

although its mechanism may be different from that of

levetiracetam (Genton and Van Vleymen, 2000). Levetir-

acetam is effective for cortical myoclonus (Genton and

G�elisse, 2000; Krauss et al., 2001; Frucht et al., 2001; Lim
and Ahmed, 2005; Striano et al., 2005). For brain stem

myoclonus, the effectiveness of levetiracetam is less certain.

For spinal myoclonus, levetiracetam has been reported to

have a substantial effect in a case series (Keswani et al.,

2002). Similar to levetiracetam, piracetam is effective for

cortical myoclonus (Brown et al., 1993; Koskiniemi et al.,

1998), but is less or not effective for brain stem myoclonus

and for spinal myoclonus (Obeso et al., 1988; Ikeda et al.,

1996; Pranzatelli et al., 2001).

TREATMENT OF MYOCLONUS: LESS
COMMONLY USED MEDICATIONS
AND EMERGING OPTIONS

The effects of other anti-epileptics on non-epileptic myoc-

lonus have not been systemically investigated. Primidone

and acetazolamide were described as useful adjuncts in

treating severe myoclonus (Obeso et al., 1989; Vaamonde

et al., 1992). Ethosuximidewas found effective for negative

myoclonus (Oguni et al., 1998; Capovilla et al., 1999).

Topiramate was shown to be helpful in a case of spinal

segmental myoclonus (Siniscalchi et al., 2004). Zonisamide

suppresses epileptic myoclonus, but little is known about its

effect on non-epileptic myoclonus (Uthman and Reichl,

2002; Ohtahara, 2006). Paradoxically, a few anti-epileptics

have been noticed to be pro-myoclonic rather than anti-

myoclonic, for example, vigabatrin, lamotrigine and gaba-

pentin (Gordon, 2002).

g-Hydroxybutyrate (GHB) is a fatty acid derivative with
an anti-myoclonic effect. Initially synthesized as an analog

of GABA, GHB was subsequently found to be an endoge-

nous neurotransmitter or neuromodulator that binds to both

GABA-B and its bona fide GHB receptors (Crunelli, Emri

and Leresche, 2006). The anti-myoclonic potential of GHB

had been shown in an animal model of myoclonus (Menon,

1982), before it was confirmed in clinical trials of several

alcohol-responsive myoclonus syndromes, including my-

oclonus-dystonia, post-hypoxic myoclonus and progres-

sive myoclonus epilepsy (Priori et al., 2000; Frucht,

Bordelon and Houghton, 2005a; Frucht et al., 2005b). The

effect of GHB on other myoclonus disorders is yet to be

defined, and its role as an anti-myoclonic remains experi-

mental at present. Prescription of GHB is strictly regulated,

due to concern about illicit use.

In general, GABAergic drugs are more effective for

cortical myoclonus than for myoclonus of subcortical ori-

gin. This discrepancy in effectiveness may reflect differ-

ences in the neurochemistry of cortical and subcortical

neurotransmission: GABA is the major inhibitory neuro-

transmitter in the cerebral cortex, whereas glycine is the

major inhibitory neurotransmitter in the brain stem and

spinal cord. Since glycine also regulates the activity of the

glutamate receptor, the few glycinergic drugs were tested

mainly under this consideration for disorders like schizo-

phrenia and strokes. Except for two negative studies that the

glycine precursormilacemidwas ineffective formyoclonus

(Brown et al., 1991; Gordon et al., 1993), glycinergic drugs

have not been fully explored for their anti-myoclonic

effects.

Another neurotransmitter, serotonin, has been implicated

in the pathophysiology of post-hypoxic myoclonus (Goetz

et al., 2002; Welsh et al., 2002). Post-hypoxic myoclonus

improved with serotoninergic therapies, such as 5-hydro-

xytryptophan, combination of 5-hydroxytryptophan and a

peripheral decarboxylase inhibitor, andmonoamine oxidase

inhibitors (Van Woert and Rosenbaum, 1979; Thal et al.,

1980). However, despite their anti-myoclonic efficacy,

serotonin replacement therapies are not well tolerated be-

cause of significant adverse effects. Outside the context of

post-hypoxic myoclonus, serotonin replacement therapies

were occasionally reported useful for progressive myoclo-

nus epilepsy, brain stem myoclonus and spinal myoclonus

(Chadwick et al., 1977; Jimenez-Jimenez et al., 1991;

Pranzatelli et al., 1995).

Medications of other pharmacological mechanisms are

less frequently deployed as anti-myoclonics. Tetrabena-

zine, a monoamine depleter, has also been found effective
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for myoclonus (Hoehn and Cherington, 1977;Kenney,

Hunter and Jankovic, 2007). Tizanidine, an a2-adrenergic
agonist, was reported beneficial for cortical myoclonus,

and for spinal myoclonus when combined with valproate

and baclofen (Mukand and Giunti, 2004; Ray et al., 2005).

Botulinum toxin injection is a well-established therapy

for hemifacial spasm, a form of peripherally generated

myoclonus, and has replaced medications and surgeries as

the front-line treatment of hemifacial spasm (Jost andKohl,

2001;Defazio et al., 2002). In addition to hemifacial spasm,

botulinum toxin injections have been performed with suc-

cess in other types of focal myoclonus, including palatal

myoclonus (Penney, Bruce and Saeed, 2006), facial myoc-

lonus (Browner, Azher and Jankovic, 2006), chin myoclo-

nus (Devetag Chalaupka et al., 2006) and spinal segmental

myoclonus (Polo and Jabbari, 1994; Lagueny et al., 1999;

Campos et al., 2003; Vivancos-Matellano et al., 2006).

Regular use of botulinum toxin injection for focal myoclo-

nus at these locations awaits further validating studies.

In recent years, deep brain stimulation has been per-

formed in several patients with myoclonus-dystonia who

had severe medication-refractory myoclonus, dystonia or

both. The globus pallidus internus was the most frequently

selected target (Vercueil et al., 2001; Liu et al., 2002;

Yianni et al., 2003; Cif et al., 2004; Magarinos-Ascone

et al., 2005; Foncke et al., 2007). The ventral intermediate

thalamic nucleus was chosen in a single case (Trottenberg

et al., 2001). In most cases of pallidal stimulation, both

myoclonus and dystonia improved substantially. In the case

of thalamic stimulation, myoclonus improved, but dystonia

did not. Besides myoclonus-dystonia, it is currently un-

known whether deep brain stimulation can remedy other

myoclonus disorders.

TREATMENT OF MYOCLONUS:
CONCLUSION

The concept of evidence-based medicine has permeated

every aspect of clinical practice, and treatment of myoclo-

nus is no exception. As a group of uncommon and hetero-

geneous disorders, there has been a void in large-scale,

well-designed studies of treatment of myoclonus. Never-

theless, principles in treatment of myoclonus have been

proposed, based on available evidence (Caviness and

Brown, 2004; Nirenberg and Frucht, 2005). Pharmacologi-

cal treatment remains the mainstay in treatment of myoc-

lonus, and a combination of medications of different

mechanisms is often more effective than monotherapies

(Figure 24.1). The anchors of the combinational approach

are benzodiazepines, levetiracetam, piracetam and valpro-

ate (Table 24.2). A benzodiazepine, such as clonazepam, is

effective for myoclonus of any origin. Levetiracetam,

piracetam and valproate are most useful for cortical

Myoclonus 

Subcortical myoclonus Cortical myoclonus 

Levetiracetam 
Piracetam 
Valproate 

Benzodiazepines 

Benzodiazepines 
Levetiracetam 

Piracetam 
Valproate 

2nd line 

1st line 

Zonisamide 
Topiramate 

Ethosuximide (negative myoclonus) 
Serotoninergics (post-hypoxic) 

Tetrabenazine 
Tizanidine 
Baclofen 

GHB (alcohol-responsive)

Others 

Figure 24.1 Algorithm for pharmacological treatment of myoclonus.
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myoclonus, and selection among them depends largely on

their availability and the susceptibility of individual pa-

tients to the adverse effects.

For cortical myoclonus, treatment can begin with a

monotherapy of levetiracetam, piracetam or valproate, but

addition of clonazepam will become necessary in most

cases. If cortical myoclonus stays refractory to this combi-

nation, zonisamide and topiramate are worth consideration.

Other medications may also be considered for selected

indications, for example, ethosuximide for negative myoc-

lonus and serotoninergic therapies for post-hypoxic

myoclonus.

For brain stem and spinal myoclonus, treatment options

are more limited, and results of treatment are generally less

satisfactory. Often, treatment needs to start with clonaze-

pam in order to control myoclonus adequately. Adding

valproate, levetiracetam or piracetam is a reasonable next

step, but the benefit is likely to be limited. Tetrabenazine,

tizanidine and baclofen may be considered for spinal

myoclonus resistant to clonazepam. For alcohol-responsive

myoclonus, GHB is emerging as a promising option.

At this moment, non-pharmacological interventions are

deemed experimental in treatment of myoclonus, although

some hold potential under certain circumstances, such as

botulinum toxin injection for focal myoclonus at amenable

sites. As the understanding of myoclonus advances on

clinical, electrophysiological and molecular fronts, treat-

ment of myoclonus is expected to be increasingly science

and evidence based.
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INTRODUCTION

Anti-psychotic drugs were introduced in the 1950s and

revolutionized the field of psychiatry. However, it was not

long before a number of acute and chronic side effects of

these medicines were noted, many of them involving

involuntary movements. These agents all share dopamine

receptor-site blockade as their primary mechanism of

action. They include phenothiazines, divided into pipera-

zine-, piperadine-, and aliphatic-based compounds, butyr-

ophenones, including the archetypical drug, haloperidol,

and other heterocyclic compounds including benzamides

(Table 25.1). A new generation of compounds, termed

“atypical anti-psychotic drugs” has been developed, and

these drugs have a variety of chemical structures.While the

risk ofmovement disorders is lowerwith these latter agents,

the same gamut of disorders potentially exists for all agents.

In addition to neuroleptics, a number of other medicines

cause movement disorders and these will be covered in

Chapter 26. Whereas, medicines like metoclopramide are

not neuroleptics, they share dopamine-receptor blockade

actions and therefore can be considered similar to

neuroleptic-induced movement disorders. This chapter

describes the most common neuroleptic-induced move-

ment disorders, their pharmacological mechanisms, and

their treatment. Because the disorders are directly caused

by drugs, the obvious first-line treatment is withdrawal of

the neuroleptic, but in many instances, psychiatric illness

does not permit this intervention and other treatments must

be introduced. Even with withdrawal of neuroleptics, some

of these movement disorders do not resolve. In these cases,

knowledge of pharmacological interactions between the

dopaminergic and other neurotransmitter systems helps the

clinician in selecting the best treatments. The chapter is

organized by the temporal evolution of movement disor-

ders relative to exposure to neuroleptics: acute reactions

seen shortly after drug initiation; sub-acute reactions

occurring within weeks of usage; and chronic or tardive

syndromes that emerge after months of neuroleptic expo-

sure (Table 25.2).

ACUTE DYSTONIA

Description

Dystonia refers to a movement disorder typified by tonic

contractions of muscles, often with a twisting component.

Acute, neuroleptic-induced dystonia typically involves the

neck and face, although it can involve any part of the body.

The most serious manifestation is laryngeal dystonia,

which can lead to respiratory failure (Flaherty and

Lahmeyer, 1978). Oculogyric crisis is drug-induced dysto-

nia inwhich the eyes deviate upwards. The trunk can also be

involved with painful back arching, termed opistotonus.

Most dystonic reactions occur very early in the course

of treatment with anti-psychotic drugs, 85% within the

first four days (Swett, 1975). Males develop acute dys-

tonic reactions twice as frequently as females (Magnuson,

Roccaforte and Wengel, 1999). In the past, patients with

an underlying psychiatric diagnosis of mania were con-

sidered at higher risk for acute dystonia than treated

schizophrenics, but this difference likely relates to the

higher peak doses used in managing acute manic and

hypomanic episodes (Khanna, Das and Damodaran,

1992). The propensity of a given drug to cause acute

dystonic reactions parallels the drug’s propensity to induce

sub-acute parkinsonism (see below). The piperazine group

has the highest likelihood of precipitating dystonic reac-

tions, and the piperidine (thioridazine) group and the newer

generation neuroleptics, like clozapine, have a low propen-

sity. Cocaine has been shown to increase the risk of acute

dystonic reactions (van Harten, van Trier and Horwitz,

1998), and can cause dystonic reactions alone, without

neuroleptics.
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Prevalance

The incidence varies from 2% in large series to 50% in a

smaller study of neuroleptic-naive patients treated with

typical neuroleptics (Ayd, 1961; Mazurek and Rosebush,

1991). This variation may be due to the age distribution of

subjects, since young people are most susceptible to drug-

induced dystonic reactions. The relative risk in people

younger than 30 years old is 77%, compared to 14% for

those older than 40 years old (Mazurek and Rosebush,

1991).

Pathophysiology

Because dystonias in other medical contexts are thought to

involve primarily the putamen and its outflow pathways,

most of the focus on understanding a biological basis of

acute dystonic reactions has been on the dopamine--
acetylcholine balance implicit to striatal function and D2

receptor activity. Multiple hypotheses have been offered.

Suddenly enhanced dopamine turnover in response to do-

pamine receptor blockade could theoretically explain this

adverse event, but treatment with a dopamine-depleting

agent,a-methyl-paratyrosine, fails to prevent acute dystonic

reactions. These observations, therefore, cast serious doubt

on pre-synaptic dopaminergic release as a primary patho-

physiological mechanism (Gershanik, 2002; McCann,

Penetar and Belenky, 1990). It is also possible that the

dopamine receptor blockers induce other neurochemical

changes besides cholinergic disruption, for example,

secondary involvement of g-amino-butyric acid in the puta-

minopallidal pathway and resultant enkaphalin enhance-

ment (Matsumoto and Pouw, 2000). In support of this

hypothesis, dopamine-receptor antagonists with a high like-

lihood of acute dystonic reactions, like piperazine-based

neuroleptics, also have high binding affinities for s-1 and

s-2 receptors (Matsumoto and Pouw, 2000). Regardless of

these observations, the prevailing concept for the biological

basis of acute dystonic reactions from dopamine receptor

antagonists, is a direct disruption of striatal dopami-

ne--acetylcholine homeostasis. As such, with D2 and possi-

bly some D1 receptors blocked, acetylcholine acts in

relative, though not absolute, higher striatal concentrations

and precipitates the dystonic behaviors seen. This theory is

supported by a low incidence of acute dystonia with neuro-

leptic agents with high anti-cholinergic properties, like

thioridazine and clozapine. It is further supported by the

reduced risk of acute dystonia when neuroleptics are started

with an anti-cholinergic agent.

Management

The treatment of acute dystonia has not been rigorously

studied in clinical trials. One small double-blind study

compared intravenous diazepam to intravenous diphenhy-

dramine and found no difference in benefit or side eff-

ects between the two treatments (Gagrat, Hamilton and

Belmaker, 1978).

In addition to anti-cholinergics and benzodiazepines,

anti-histamines are also used. Some authors suggest that

benzodiazepines should be the first-line treatment because

neurologists andother physicians aremore familiarwith the

use of intravenous benzodiazepines than anti-cholinerg or

anti-histamines.

Patients with acute neuroleptic-induced dystonia may

have a recurrence in the first few days and should be treated

with oral anti-cholinergics for this time period. Whether or

not to treat all patients who are starting on anti-psychotics

with prophylactic anti-cholinergics is controversial, be-

cause anti-cholinergics may increase the risk of TD.

However, for patients who are at highest risk of acute

dystonia, prophylaxis seems warranted.

SUB-ACUTE NEUROLEPTIC MALIGNANT
SYNDROME

Description

Neuroleptic malignant syndrome (NMS) is an infrequent,

but life-threatening complication of neuroleptic drugs.

Symptoms of NMS include elevated temperature, muscle

rigidity, autonomic dysfunction and mental status changes.

Temperature reaches a peak in 48 hours after the syndrome

begins. Rigidity can be severe enough to limit chest wall

Table 25.1 Commonly prescribed neuroleptics.

Phenothiazines:

Chlorpromazine (Thorazine)

Fluphenazine (Prolixin)

Perphenazine (Trilafon)

Prochlorperazine (Compazine)

Thioridazine (Mellaril)

Trifluoperazine (Stelazine)

Butyrophenones:

Haloperidol (Haldol)

Droperidol

Pimozide (Orap)

Atypical anti-psychotics:

Clozapine (Clozaril)

Olanzapine (Zyprexa)

Risperidone (Risperdal)

Quetiapine (Seroquel)

Ziprasidone (Geodon)

Amisulpride (Solian)

374 DRUG-INDUCED MOVEMENT DISORDERS



movement and lead to hypoventilation. A prospective anal-

ysis (Rosebush and Stewart, 1989) found that rigidity was

present in 95%, tremulousness in 92%, chorea or dystonia in

59% and muteness or hypophonia in 96%. Laboratory

values include elevated CK in 71% (Rosenberg and Green,

1989). The diagnostic criteria according to DSM-IV require

rigidity and fever plus two of the following: diaphoresis,

dysphagia, tremor, incontinence, alteredmental status, mut-

ism, tachycardia, labile blood pressure, elevated white

blood-cell count and elevated creatine kinase.

Symptoms occur within 10--20 days of neuroleptic intro-
duction or a dosage increase, but may occur after 1--2

months, in patients taking depot drugs. Whereas NMS by

definition relates to neuroleptic exposure, a similar syn-

drome can be seen with a sudden withdrawal of dopami-

nergic drugs in Parkinson’s disease (PD) or with the use of

dopamine depleting drugs such as reserpine and tetrabe-

nazine (Bhanushali and Tuite, 2004). Standard and atypical

anti-psychotics are associated with this potentially fatal

disorder (Hasan and Buckley, 1998). A recent report de-

scribes a case of NMS in a pediatric patient treated with

aripiprazole (Palakurthi, Parvin and Kaplan, 2007). In a

prospective study of 24 cases of NMS, 65% of patients had

been given a neuroleptic medicine for first time, had the

medicine restarted after a drug free period or had the dose

increased. Dehydration was thought to be the precipitating

event for most patients whose doses had not changed

(Rosebush and Stewart, 1989).

Risk factors, besides dehydration, include a prior episode

of NMS, agitation and intramuscular route of medication

administration (Bhanushali and Tuite, 2004). Affective

disorders were more represented in one prospective study

(Rosebush and Stewart, 1989), but this diagnostic propen-

sity was not replicated in a review of 64 case reports

(Rosenberg and Green, 1989).

Symptoms typically last 7--14 days after the offending

drug has been stopped.

Life-threatening complications occur in 30% of patients

(Rosenberg andGreen, 1989), including respiratory failure,

renal failure, cardiac arrhythmias and complications of

immobility, such as pulmonary embolus.

A number of other conditions should be considered in the

differential of NMS. Possible CNS infection should be

evaluated with a lumbar puncture. The symptoms of malig-

nant hyperthermia, an inherited disorder of muscle, which

occurs after exposure to halogenated inhaled anesthetics are

very similar to those of NMS. However, the two conditions

can be usually differentiated based on exposure history and

family history.Catatonia presentswith symptoms ofmutism

and immobility, but patients rarely have fever or autonomic

instability. Heat stroke can be distinguished from NMS

because patients with heat stroke usually do not sweat,

while those with NMS are diaphoretic. Nonetheless, psy-

chotic patients are prone to overdressing, often suffer from

overexposure to environmental heat in the summer and take

neuroleptic medications, so they are at risk for both heat

stroke and NMS. Patients with serotonin syndrome often

have prominent gastrointestinal symptoms, such as nausea,

vomiting and diarrhea. Ataxia, myoclonus and hyper-

reflexia aremore common in serotonin syndrome thanNMS

(Bhanushali and Tuite, 2004). Status epilepticus can mimic

NMS in rare cases (Rosebush and Stewart, 1989).

Table 25.2 Most common neuroleptic-induced movement disorders.

Time coursea Syndrome Symptoms Treatment

Hours to days Acute dystonia Tonic contractions of agonist and antagonist

muscles, often in face or trunk

Benzodiazepine

Anti-cholinergics

Days to weeks NMS Fever, autonomic dysfunction, rigidity Dantrolene

Bromocriptine

Days to weeks Neuroleptic-induced

parkinsonism

Tremor, rigidity, bradykinesia Anti-cholinergics

Amantadine

Weeks Akathisia Subjective restlessness with objective

purposeful movements

Propranolol

Months to years Tardive dystonia Tonic contractions of agonist and antagonist

muscles, often in face or trunk

Anti-cholinergics

Botulinum toxin

Three months

to years

Tardive dyskinesia Repetitive movements, usually of the face,

mouth, and tongue

Reserpine/

Tetrabenazine

a Time course refers to the onset of movement disorders relative to the starting of a neuroleptic or to an increase in daily dose.
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Prevalance

While the incidence of NMS among patients treated with

neuroleptics is rare, published rates vary from 0.02 to 2.4%

(Caroff and Mann, 1993). Prospective studies typically

examine hospitalized patients and the rate of NMS among

these patients may not represent the rate in all patients

treated with neuroleptics. Exact measures of incidence are

further complicated by the fact that the diagnoses may be

unrecognized. In an attempt to control for some of these

confounding factors, one study compared the incidence

among hospitalized patients in one institution at two dif-

ferent time points. They concluded that the incidence may

be declining from 1.1 to 0.1% over a period of 10 years

(Keck, Pope and McElroy, 1991).

Pathophysiology

The observation that NMS could also be caused by the

withdrawal of dopamine drugs in patients with Parkinson’s

disease led to the hypothesis that NMS represents a state of

dopamine deficiency (Henderson and Wooten, 1981). Ni-

sijima and Ishiguro have studied the dopamine metabolite

HVA in the CSF of patients with NMS and found a

significant decrease compared to controls. NMS likely

results from a disruption of both nigrostiatal and hypotha-

lamic dopaminergic pathways. Rigidity and akinesia result

from nigrostriatal dysfunction, while dysregulation of

blood pressure and heart rate result from hypothalamic

dysfunction. Dopamine activity in the pre-optic area in the

hypothalamus is involved in temperature control, and may

be responsible for thermal dysregulation in NMS (Factor,

2005). Dopamine under-activity alone is too simplistic an

explanation since dopamine-depleting drugs are infre-

quently associated with NMS. Under-activity of GABA-

or GAGAergic systems directly involved or secondarily

diminished by dopaminergic-receptor blockade has been

suggested by CSF studies (Nisijima and Ishiguro, 1995).

Treatment

Because it occurs infrequently and is life threatening, NMS

has not been studied in large treatment trials. Most of the

published data on treatment involve case reports or very

small series The mainstay of treatment is to first withdraw

the neuroleptic and provide supportive care, including ICU

monitoring, IV fluids, temperature control and cardiac

monitoring (Bhanushali and Tuite, 2004).

Bromocriptine, a dopamine agonist, and dantrolene

have been used to treat NMS. Dantrolene acts on skeletal

muscle to inhibit contraction by sequestration of calcium

in the sarcoplasmic reticulum, and may also have central

effects (Caroff and Mann, 1993). Suggested doses of

dantrolene are 1--2mg/kg i.v. daily, in four divided doses,

which can be changed to oral after temperature and

rigidity decrease. However, dantrolene can be hepatotoxic

at high or prolonged doses. These conclusions are largely

based on clinical experience.

In fact, there is conflicting evidence about the efficacy of

dantrolene and bromocriptine in the treatment of NMS. In

favor of these medicines, one case series of patients treated

with dantrolene or bromocritptine improved sooner (one

day compared to seven days) than those treated with

supportive care alone (Rosenberg and Green 1989). The

authors evaluated treatment success by measuring the time

from initiation of the therapy until the beginning of clinical

improvement, defined as a persistent decrease in either

temperature or rigidity. These drugs have also been shown

to reduce mortality. In a retrospective analysis of published

cases, investigators compared the death rate of patients

receiving a particular drug therapy to rates in those who

received only supportive care. They found that both dan-

trolene and bromocriptine reduced the death rate from 22 to

8%; however, there was no added benefit to using both

drugs together (Sakkas et al., 1991). In contrast, a prospec-

tive series of 24 cases, in which half the patients received

either bromocriptine or dantrolene, there was no difference

in NMS duration or mortality in treated vs untreated

patients (Rosebush and Stewart, 1989). Treatment assign-

ment was not randomized, making conclusions difficult

because it is possible that the patientswhowere treatedwith

dantrolene or bromocriptine had more severe disease than

those given supportive care and therefore no difference in

mortality was detected.

Case reports also exist for a response to ECT, but several

cases have been complicated by cardiac arrhythmias. Some

recommend ECT if patients are refractory to supportive

care and medicine, or when the differential diagnosis

includes catatonia (Factor, 2005).

Patients who have had NMS are at increased risk of

developing NMSwhen neuroleptics are restarted. However

this risk appears to be significantly reduced when medi-

cines are restarted at least two weeks after the resolution of

NMS. In a prospective study of 15 patients, 12 of 13 patients

had no relapse when neuroleptics were reintroduced after

two weeks, while 6 of 7 patients whose neuroleptics were

restarted in the first two weeks had a relapse of NMS

(Rosebush, Stewart and Gelenberg, 1989).

With the paucity of evidence, the best approach to the

treatment of NMS is treatment targeted to the individual

patient and situation. All patients should be treated with

fluids, temperaturecontrolandcardiacmonitoring;however,

not all patientswill require ICU level care.Mildpatientsmay

do well with supportive care alone. Benzodiazepines are

useful for patients who are agitated. Patients with more

severe or continuing symptoms of hyperthermia, rigidity

and rhabdomyolysis should be continued on dantrolene or

bromocritptine therapy. Patients who are refractory to those
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medicines, or who have continued psychosis, may benefit

from ECT (Caroff, Mann and Keck, 1998).

SUB-ACUTE AKATHISIA

Description

Akathisia is a common side effect of first-generation

neuroleptic drugs. It can occur in sub-acute and tardive

forms. The sub-acute form occurs within the first weeks of

starting neuroleptics or a dose increase (Sachdev, 2005). In

contrast, tardive akathisia occurs after prolonged treatment.

This temporal pattern suggests that tardive akathisia likely

has a different pathophysiology than the sub-acute form,

and the two are further differentiated by their management

responses (see below). The term akathisia literally means

“inability to remain seated.” Akathisa causes significant

distress to the patient and can contribute to medicine non-

adherence (Adler, Rotrosen and Angrist, 2005). Outside of

Parkinson’s disease and neuroleptic-induced syndromes,

akathisia is not a prominent symptomofmost other primary

medical or neurological disorders. The differential diagno-

sis, however, includes restless leg syndrome that can

be associated with iron deficiency. Iron deficiency can be

seen in cases with structural putaminal or pallidal lesions

(Barton, Bowie andEbmeier, 1990), so that iron and ferritin

levels should be assayed in appropriate cases.

The severe subjective sense of restlessness, often associ-

ated with pronounced anxiety, provokes the akathitic

patient to move incessantly in order to relieve symptoms

(Gershanik, 2002). The syndrome is defined by the presence

of both the subjective sensation of inner restlessness and

the objective presence of volitional movements, such as

moving about while seated or rocking back from one foot to

the other while standing. The patient may also demonstrate

repetitive hand movements, truncal rocking and panting

respirations (Sunami, Nishikawa and Yorogi, 2000).

Akathisia may be difficult to distinguish from other dis-

orders, as it can resemble the psychomotor agitation seen in

depression, mania or psychosis, or anxiety. Restless leg

syndrome is also in the differential diagnosis of akathisia,

but can be distinguished by the nocturnal predominance of

symptoms in restless legs syndrome (RLS), and the fact that

akathisia is not made specifically worse when the patient is

lying down. Typical tardive dyskinesia (TD) is distin-

guished from akathisia by the phenomenology of move-

mentsandby the fact that patientswithTDdonotexperience

a feeling of unease that leads to the abnormal movement.

The most significant risk factor for the development of

akathisia is the dose of neuroleptics used and rate of

increase (Sachdev and Kruk, 1994). Some atypical anti-

psychotics are associated with lower risk of akathisia. In

newly treated patients on olanzapine 7%, and haldol 21%

(Tran et al.,1997). However, others have risk equal to that

of haldol (Rosebush and Mazurek, 1999). Though not

firmly established, the development of sub-acute akathisia

has been suggested to predict a risk for poor treatment

outcome and a higher risk of tardive dyskinesia among

schizophrenics (Nair, Josiassen and Abraham, 1999;

Eichhammer, Albus and Borrmann-Hassenbach, 2000).

Prevalance

Reported incidence rates vary from25%up to 75%; a rate of

20% comes from a large survey of over 3000 patients (Ayd,

1961). A prospective study reports a 20% incidence of

moderate to severe akathisia (Sachdev and Kruk, 1994).

The large variability in these rates is most likely due to

differences in diagnostic criteria, and the difficulty in

distinguishing akathisia from other related disorders.

Pathophysiology

The biological basis of sub-acute neuroleptic-induced

akathisia is poorly understood, but the occurrence of

akathisia in other conditions suggests some clues. The

frequent association of drug-induced parkinsonism with

akathisia and the frequently spontaneous occurrence of

akathisia in Parkinson’s disease itself suggest that the

nigrostiatal dopaminergic system plays a direct role. Cases

with structural subcortical lesions associated with akathisia

have most damage in the putamen or outflow tracts to the

globus pallidus. Subcortical-spinal networks or mesocor-

tical pathways may be pathophysiologically involved.

Whereas traditionally, D2 dopaminergic-receptor blockade

was hypothesized to be at the core of akathisia, this disorder

has a less predictable pharmacology than acute dystonia.

Noradrenergic and opioid influences play a likely role in the

pathophysiology, because b-noradrenergic blockers and

opioid antagonists are often effective therapies if the neu-

roleptic cannot be withdrawn (Kompoliti and Horn, 2003).

These secondary chemical influences likely involve

brainstem nuclei or mesospinal pathways. Serotonergic/

dopaminergic imbalance has also been suggested to play a

role in akathisia, based on evidence that some of the newly

developed neuroleptics with high affinity for 5HT3 recep-

tors have a low index of akathisia (Hirsch, Kissling and

Bauml, 2002). The link of akathisia to iron metabolism has

been studied, and at least in some studies, neuroleptic-

treated patients with and without akathisia have both lower

iron and lower ferritin plasma levels than healthy controls

(Kuloglu, Atmaca andUstundag, 2003). Thosewith akathi-

sia tend to have lower levels than non-akathitic subjects, but

the iron and ferritin levels still fall within the normal range

(Hofmann,Seifritz andBotschev, 2000).Though iron levels

influence dopamine D1 and D2 receptor numbers and

sensitivity in rats, exact cellular effects caused by dopamine

receptor antagonists in humans have not been identified
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(Erikson, Jones and Hess, 2001). RLS has some clinical

features in common with akathisia (see description above).

There is good evidence that low serum iron increases the

risk forRLS and that these patients have lower basal ganglia

iron concentration than controls (Earley et al.,2000).

Treatment

The anguish experienced by patients with akathisia

prompts the need for clinicians to diagnose and treat this

condition immediately. Lowering the dose of neuroleptics

can be adequate or a switch to a more low potency neuro-

leptic may resolve the problem without sacrificing neces-

sary control of psychosis. In the event that these solutions

are not successful, other medicines may be added, although

the evidence for some of these treatments is conflicting.

b-Blockers are themost effective treatment for akathisia.

Lipophilic drugs are more effective than other b-blockers,
because of their ability to cross the blood--brain barrier.

Data from case reports as well as from small randomized,

double-blind studies show that low doses of propranolol

(20--60mg/day) reduce akathisia and do not significantly

affect blood pressure (Adler et al., 1986; Lipinski et al.,

1983).

One three-armed study compared propranolol, an anti-

cholinergic (benztropine) and placebo. Patients in both

treatment arms had a similar mean magnitude of improve-

ment (about 30%) a similar portion of patients improved

(about 40%) with either treatment. However, in the anti-

cholinergic group, several patients experienced drug-related

confusion that limited treatment (Adler et al.,1993).

A small double-blind, placebo-controlled trial of clonaz-

epaminagroupofhospitalizedadolescentswithneuroleptic-

induced akathisa found a significant improvement (Kutcher

et al., 1989). Clonidine improved akathisia, but clinical

usefulnesswas limitedbyhypotensionandsedation.A5HT2

antagonist(ritanserin)hasbeenusedtotreatpatientswhohave

not responded to b-blockers, benzodiazepines or anti-choli-
nergics.Aprospectivestudyof10patientsgivenritanserinfor

2--4 days, found a decrease in subjective and objective

measures of akathisia, compared to baseline scores (Miller

et al., 1990).

Finally, it is important to determine if the patient has both

akathisia and drug-induced parkinsonism with tremor,

rigidity and bradykinesia, because in these cases, amanta-

dine or anti-cholinergic agents may treat both syndromes

(Gershanik, 2002).

SUB-ACUTE PARKINSONISM

Description

The realization that dopamine-receptor blocking drugs

cause drug-induced parkinsonism (DIP) helped lead to the

discovery that dopamine depletion was involved in idio-

pathic PD (Hirose, 2006). For some time, it was incorrectly

thought that parkinsonism was required for the anti-

psychotic effect of neuroleptics. This syndrome usually

begins several days or weeks after starting or increasing the

daily dose of dopamine receptor antagonists. Patients

experiencethegradualdevelopmentofbradykinesia,rigidity,

gait and balance instability, and resting tremor. When these

signs appear in unison and rigidity is documented on the

neurological examination, the diagnosis of parkinsonism is

not difficult. However, often the early signs are subtle with

more vague symptoms of increasing slowness and difficulty

with movement (Kompoliti and Horn, 2003). In these cases

where tremor is not prominent, the clinician, family and

patient may misinterpret drug-induced parkinsonism as a

global over-medication effect or as a sign of impending

depression, especially in subjects with bipolar affective dis-

orders.Tremor is seenwhen thepatient’shandsare relaxed in

thelap,andthemovementdisorderabatesasthepatientmoves

andexecutes tasksofdaily living(restingtremor).Finemotor

movements like buttoning, opening envelops, manipulating

an eating utensil become slow anddifficult, although there is

no weakness (bradykinesia). On examination, while the

patientremainsrelaxed, thecliniciancandetecthypertonicity

with a ratchet-like quality (cogwheel rigidity). Difficulty

rising from a chair, initiating walking, pivoting smoothly to

turn and resisting a postural threat, usually tested by pulling

abruptly on the shoulders to assess if patients can right

themselves without falling backwards, all are indicative of

gait andpostural reflex impairment.All signsmaybepresent

simultaneously, but often the syndrome only partially devel-

ops, so that the physician must be sensitive to all clinical

features.

While the symptoms ofDIP resemble those of PDand are

clinically indistinguishable from those of PD, some studies

have noted differences on a population level. While differ-

ences may exist they are not significant enough to be

helpful in clinical diagnosis, since they apply to groups

and not to individuals. For example, tremor is less likely in

DIP, (44%) compared to 70% of patients with PD (Hassin-

Baer et al., 2001). This study also noted that parkinsonian

signs were more marked in the upper extremities compared

to lower extremities in DIP, and that freezing of gait is less

common in DIP than in PD. Others have suggested that

signs in DIP are rarely asymmetric, but a study designed to

answer this question did not support that claim, 25% of

patients had notable asymmetry (Sethi and Zamrini, 1990).

The onset ofDIP is subacute and occurswithin 30 days of

starting a neuroleptic in 50% of patients and within 72 days

in 90% of patients (Ayd, 1961). Symptoms typically

improve in 7--8 weeks if the dose of neuroleptic is de-

creased; however, 50% have persistent symptoms, despite

anti-cholinergic treatment. Some patients improve after

medicine is withdrawn and then have re-emergence of the
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parkinsonian symptoms months later without further expo-

sure to neuroleptics. It is hypothesized that those patients

had sub-clinical Parkinson’s disease which was unmasked

by the neuroleptics (Goetz, 1983). Similarly, (Burn and

Brooks, 1993) investigated the idea that patients who do

not improve after drug withdrawal have sub-clinical

Parkinson’s disease using 18F-dopa PET. They imaged

13 patients who had been off neurolpetics for at least two

weeks, then re-examined them after two years. Those with

normal 18F-dopa uptake were more likely to recover from

DIP. However an abnormal scan did not necessarily predict

persistent symptoms; the majority, 75%, of subjects with

abnormal 18F-dopa uptake also had remission.

Prevalance

DIP is thought to represent 20% of all incident cases of

parkinsonism (Bower et al., 1999), and may be under-

recognized in the elderly. In one study of 3512 patients,

patients aged 65--99, who were identified using a Medicaid

drug database, patients taking neuroleptics were five times

more likely to be prescribed drugs to treat parkinsonism.

Further, 37% of patients taking drugs for parkinsonism

were also taking neuroleptics (Avorn et al., 1995). Elderly

patients are thought to be at higher risk for this side effect

than younger patients, but there is no established gender

predominance.

Pathophysiology

Because Parkinson’s disease and drug-induced parkinson-

ism are phenotypically indistinguishable, similar biochem-

ical bases for the two disorders have been proposed

(Klawans, 1973). In Parkinson’s disease, the primary

degenerative lesion is loss of the dopaminergic cells pro-

jecting from the pars compacta of the substantia nigra in

the mesencephalon to the putamen and caudate nucleus

(striatum). These cells interact primarily with D2 receptors

(Jankovic, 2003). The primary site of action for neurolep-

tics precipitating drug-induced parkinsonism is this same

post-synaptic dopamine D2 receptor population within the

striatum.

Treatment

The most commonly used treatments are anti-cholinergics

and amantadine. One study of 112 patients taking conven-

tional neuroleptics found that about 80% of patients had

improvement in parkinsonism with anti-cholinergics. The

magnitude of response, however, was not reported (Kruse,

1960). Several studies have compared anti-cholinergics to

amantadine. One double-blind crossover study of 39

patients showed equal efficacy of amantadine and trihexy-

phenidyl, but amantadine had fewer side effects (Fann and

Lake, 1976). Another double-blind crossover study of 38

patients foundbenztropine tobemore effective than amanta-

dine (Kelly et al., 1974).

The first step in treatment of DIP is to discontinue the

offending drug, if possible. If the underlying disease for

which the neuroleptic is prescribed does not permit changes

in the neuroleptic, the next step is to change to a drug with a

lower risk of EPS. Because neuroleptic metabolism often

involves the generation of several intermediate or end

products with dopamine antagonist properties, drug clear-

ance should be not be presumed until three or four months

after cessation. The addition of medicine to treat DIP

should be reserved for symptomatic patients, since the

treatments have only modest benefit and have significant

side effects.

TARDIVE DYSKINESIA

Description

Tardive dyskinesia (TD) has been called tardive stereotypy

and oral buccal lingual dyskinesia. It was first described in

the 1950s within five years of the first anti-psychotic drug

chlorpromazine becomingwidely available (Fernandez and

Friedman, 2003).

The movements of TD usually involve the tongue, lip or

jaw, for example, tongue twisting and protrusion, lip

smacking and puckering, and chewing. These movements

may be unsightly and disruptive to social interactions,

dental hygiene and vocal communication (Joseph and

Young, 1999). When the diaphragmatic muscles and vocal

apparatus are involved, irregular gasping respirations and

noisesmay also occur. Themovements occur in a repetitive

and stereotypedmanner and this fact can help to distinguish

them from the dyskinesias seen in Huntington’s disease,

which are more random and unpredictable (Fernandez and

Friedman, 2003). Forehead and eyebrow movements that

are seen in Huntington’s disease are not typical of TD

(Jankovic, 1995). Movements may also involve the upper

and lower extremities, as well as the axial muscles and

diaphragm (Klawans, Goetz and Perlik, 1980). Movements

in TD are increased by distraction or stress, and suppressed

by voluntary action of the involved body part. They disap-

pear in sleep (Sachdev, 2005). By definition, tardive dys-

kinesia is related to chronic neuroleptic exposure and the

minimal exposure time is considered to be three months.

Many potential risk factors have been hypothesized, but

themost consistently identified is age. Older patients have a

higher incidence and lower remission rate (Tarsy and

Baldessarini, 2006). Only 5% of exposed young adults

develop tardive syndromes, whereas in patients over 45,

the rate exceeds 30%, and in older institutionalized subjects

the prevalence is 60% (Byne, White and Parella, 1998).

Within the elderly population, a reduced rate of dyskinesia
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occurs in very old subjects, an observation that can be

explained by documented late age-related loss of striatal

dopamine receptors (Sweet, Mulsant and Rifai, 1992). A

history of acute dystonic reactions to neuroleptics and

affective disorders has also been proposed as a risk factor

(Kane, Woerner and Lieberman, 1988). Intermittent treat-

ment is thought to bemore likely than continuous treatment

to cause TD. Drug holidays do not prevent TD and may

even increase the risk (van Harten, Hoek and Matroos,

1998).

The choice of neuroleptic drug is likely important to the

risk of tardive dyskinesia. Although not extensively studied

with carefully controlled trials, traditional neuroleptics of

the piperazine group and the butyrophenone, haloperidol,

are thought to have the highest risk of causing tardive

dyskinesia, followed by the piperidine compounds, like

chlorpromazine, and lastly by the piperidine neuroleptics,

like thioridazine and the newer generation compounds,

including clozapine, olanzapine, quetiapine, ziprasidone

and aripiprazole (Meltzer, 1987). Even with these latter

agents, however, a risk of tardive dyskinesia is present, and

risk is thought to be dose and duration related (Glazer,

Morgenstern and Doucette, 1993).

About half of patients with TD experience a waxing and

waning course of mild to moderate symptoms, despite

continued neuroleptic treatment. In this context, 10--30%

of patients have a reduction in symptoms or remission over

time, approximately 30--40% remain with the same move-

ments and 10--30% worsen. The risk factors for worsening

are the same as the risk factors for TD: age, gender,

affective disorders, duration of exposure (Hyde et al.,

2005). TD may transiently worsen when neuroleptic dose

is decreased, but stabilize or improve afterwards (with-

drawal dyskinesia). Remission rates vary, depending on the

follow-up observation time, and it is clear that some cases

resolve as late as five years after cessation of the causative

drug (Gershanik, 2002).

Prevalance

Incidence and prevalence are difficult to study in TD for

several reasons.

First, the severity ofmovements fluctuates spontaneously

and with emotional arousal so that assessment determina-

tions in cross-sectional surveys can be misleading. Fur-

ther, although neuroleptics cause TD, when neuroleptic

doses are acutely increased, the movements may actually

abate and even disappear, so that frequency assessments

need to take into account recent changes in medication

dosage (Tarsy and Baldessarini, 2006). Measurements of

incidence and prevalence are also complicated by the

observation that spontaneous dyskinesias can occur in the

absence of neuroleptic exposure. In a study of 2250

subjects, dyskinesias were observed in 1.3% of healthy

elderly and 4.8% of in-patient medical geriatric patients.

Among psychiatric patients who were never exposed to

neuroleptics, 0--2% had dyskinesias compared to 13--36%

of chronic hospitalized psychiatric patients (Kane, 2004).

The most accepted data suggest a prevalence of 20%

among people treated with standard neuroleptics, and an

incidence about 5% per year (Sachdev, 2005). The risk of

developing TD does not appear to decline over time. In a

nine-year cohort study of patients who had remained free

of TD despite taking first generation anti-psychotics for

a mean duration of 18 years, the subsequent annual

incidence of TD was 10.2% (van Harten et al., 2006).

Pathophysiology

Manymechanisms have been proposed, and while the exact

mechanism is unknown, it is likely that several interacting

factors are involved. The main categories of interest are the

balancebetweendopamineandcholingergic striatal activity,

dysfunction of GABA neurons, excitotoxicity related to

glutamatergic and other systems, and endogenous opioids.

At the level of the striatum, the dopaminergic and

cholinergic systems have a competitive neurochemical

balance of activities. The classic model of TD posits that

chronic neuroleptics block striatal dopamine D2 receptors

and causes denervation hypersensitivity after chronic

receptor antagonism. This hypersensitivity then leads to

an eventual hyperdopaminergic behavior in the form of

stereotypic, choreic movements (Casey, 2004). Rodent

models of TD have shown that after two weeks of exposure

to neuroleptics, the number of D2 receptors increases. This

model does not accurately reflect some of the major

features of TD, however, because all animals are affected,

while only a fraction of people exposed to neuroleptics

develop TD. Furthermore, animals must be stimulated with

dopamine agonists before symptoms appear, and the find-

ings in the animals are reversible once medicines are

stopped.

Despite these caveats, there is evidence fromPET studies

that D2 receptor binding increases in the striatum after

withdrawal from chronic antipsychotic treatment. Nine

subjects with schizophrenia who were eligible for drug

withdrawal were studied with PET imaging. After a 14-day

drug washout, the D2 receptor binding patterns were mea-

sured and compared to binding potentials from anti-

psychotic-naive subjects with schizophrenia. On average,

the patients chronically exposed to anti-psychotic drugs

had a higher D2 receptor binding potential than the un-

treated patients, and those with the highest D2 receptor

upregulation (98%) also had severe TD at the time of the

examination (Silvestri et al., 2000).

New interest has focused on neuroleptic effects on D1

receptors, those linked to adenyl cyclase enzymatic activity.

Whereas typical neuroleptics primary block D2 receptors,
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leaving D1 variably affected, high turnover rates of dopa-

mine consequent to the D2 receptor blockade could abnor-

mally activate D1 receptors. In an animal model of tardive

dyskinesia, rats with genetically mediated inactivated D1

receptor expression developed fewer abnormal movements

when treated with chronic neuroleptics than those with full

D1 function (van Kampen and Stoessl, 2000).

The observation that anti-cholinergics increase choreic

dyskinetic movements of tardive dyskinesia, but improve

tardive dystonia suggests that the cholinergic system is

involved in the pathophysiological mechanisms related to

phenotypic expression of tardive dyskinesia, but it is not

clear that there is a direct relationship to pathogenesis.

Regarding glutamate and excitotoxicity, thalamocortical

activity could theoretically cause a wide variety of move-

ment disorders affecting descending corticospinal, cortico-

brain stem, and especially corticosubcortical networks

(Mitchell, Crossman and Limigna, 1992). Excessive acti-

vation of thalamocortical function primarily involves the

neurotransmitter glutamate, and tardive dyskinesia has also

been suggested to relate to excitotoxic effects of glutamate

and related compounds (Naidu and Kulkarni, 2001). In

addition to excitotoxcitiy, neuroleptic medications them-

selves may have a toxic effect. The medicines inhibit

complex I of the electron transport chain, which may lead

to oxidative stress and cell injury (Burkhardt et al.,1992).

A complementary hypothesis focuses on the opioid

system, because animals treated with chronic neuroleptics

have reduced activity of the medial globus pallidus, ventral

anterior and ventral lateral thalamic nuclei, as well as

markedly increased subcortical metenkephalin levels.

Drugs associated with low frequencies of tardive dyskine-

sia, like clozapine, do not induce metenkephalin-like

immunoreactivity responses, whereas a more traditional

neuroleptic, haloperidol, causes significant enhancement

(Bester and Harvey, 2000).

The fourth area of interest for the pathophysiology of TD

is GABA. Themajor inhibitory component of basal ganglia

pathways is GABA. Investigators studied the activity of

glutamic acid decarboxylase (GAD), the rate-limiting step

inGABA synthesis, in a post-mortem study of patients with

tardive dyskinesia. They reported decreased activity in the

subthalamic nucleus of affected individuals compared to

controls (Andersson et al., 1989). These authors also

reported that GAD activity is reduced in the STN of

primates with neuroleptic-induced dyskinesia compared to

neuroleptic-exposed primates without dyskinesia, suggest-

ing that this finding may be specific to dyskinesia and not a

result of the neuroleptic exposure.

Treatment

Prevention of TD is the best treatment and the most

important guidelines are to use neuroleptics only when

needed, and to limit the dose and duration of therapy.When

the first signs of TD emerge, the first step in treatment of

TD is to stop the offendingmedicine, if possible. In a review

of 285 treatment studies, involving 3000 patients, Jeste and

Wyatt found that neuroleptic withdrawal reversed TD in

37% of patients, but patients often showed an initial

worsening that peaked about 1--2 weeks after the dose of

neuroleptic was decreased or stopped (Jeste and Wyatt,

1982). If neuroleptics cannot be withdrawn because of the

underlying psychotic illness, changing to atypical anti-

psychotic drugs should be considered.

A number of other treatments have been studied for

managing TD in patients who are already on the lowest

possible anti-psychotic medication dose or who have

stopped neuroleptics, but persist with residual involuntary

movements. First, for patients with choreic movements,

anti-cholinergic drugs should be withdrawn because they

exacerbate the symptoms of TD (Jeste and Wyatt, 1982).

Agents that decrease the synthesis or pre-synaptic release of

dopamine have been studied as treatments for TD.

a-Methyldopa and reserpine were studied in a randomized,

placebo-controlled trial of 30 patients with TD and psy-

chosis in remission. Neuroleptic doses were not changed

during the two-week study and TDmovements were scored

as absent, mild, moderate or severe. Both active treatment

groups had a 50% decrease in severity scores compared to

an 18% decrease in the placebo group (Huang et al., 1981).

Hypotension is a potential complication of both drugs, and

reserpine is associated with the risk of drug-induced

depression.

Tetrabenazine depletes pre-synaptic monoamines and

blocks post-synaptic dopamine receptors. In an open study

of 526 patients followed for an average of 28.9 months,

89% of patients treated with tetrabenazine had improve-

ment defined as a marked reduction in abnormal move-

ments and excellent improvement in function, as scored by

patients, caregivers and physicians. However, this high

estimate of treatment response selected for patients more

likely to respond, by excluding subjects who dropped out

because of lack of treatment response in the first twoweeks.

Side effects included fatigue or drowsiness in 36%, parkin-

sonism in 28% and depression in 15%. Side effects were

reversible with dose reduction (Jankovic and Beach, 1997).

Because of its low risk of causing TD, clozapine has been

studied in the treatment of TD. Lieberman et al. (1991)

studied the effects of clozapine on 30 patients with TD and

found that 43% had >50% improvement in TD symptoms.

Patients with dystonic movements were most likely to

improve. However, 50% of patients originally started on

clozapine dropped out because of side effects, and they

were not included in the analysis.

Clozapine was used in an 18-week study of 20 neuro-

leptic- resistant schizophrenics with TD, neuroleptic-

induced parkinsonism or neuroleptic-induced akathisia.
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The investigators reported a 74% improvement in TD, 69%

improvement in PD and 78% improvement in akathisia

with clozapine. Subjects started clozapine after a two-week

washout of their prior neuroleptics. If patients were taking a

conventional neuroleptic, the improvement in symptoms

could simply be caused by the change to an atypical anti-

psychotic. There was no control group that had previous

medicines stopped, but did not start on clozapine (Spivak

et al., 1997), so that the results are difficult to attribute

directly to clozapine. However, in general, studies in TD

after withdrawal of conventional anti-psychotics show a

more modest improvement, suggesting that at least part of

the improvement response can be attributed to clozapine.

A review of the results of 14 studies of clozapine for TD

suggests that there is no clear evidence that clozapine is

effective as a treatment for TD, once abnormal movements

have developed. Certainly it has a lower risk than other

drugs for causing TD so it is a reasonable choice for treating

psychosis in patients who have TD, although blood moni-

toring is important and some psychotic patients may not be

reliable enough to co-operate with regular toxicity moni-

toring (Factor and Friedman, 1997).

Given the anti-dyskinetic effect of amantadine in

levodopa-induced parkinsonism, amantadine has been used

to treat TD.One double-blind, crossover study of 16 patients

showed a 15% improvement in TD movements with aman-

tadine. However, one-quarter of the patients had an increase

in their abnormal movements (Angus et al.,1997).

The fact that GABA deficiency may be involved in TD

has led to the use ofGABAergic drugs. Evidence for the use

of benzodiazepines in TD was reviewed in a Cochrane

Review, and no studies with conclusive evidence for effi-

cacy were found (Bhoopathi and Soares-Weiser, 2006). In

another observational study, 30 patients with TD started on

gabapentin were followed for one year, and a 47.5%

reduction inmovements based on one rating scale occurred.

Side effects included sedation, dizziness and confusion and

no control or comparator group data were reported (Hardoy

et al., 2002).

The exact mechanism of action of levetiracetam is

unknown, but it may involve blockade of N-type calcium

channels (Lukyanetz, Shkryl and Kostyuk, 2002) and may

have indirect effects on GABA and glycine receptors

through zinc and b-carbolines (Rigo et al., 2000). Levetir-
acetam was studied in 16 patients with chronic psychosis

and TD, enrolled consecutively in an open-label, observa-

tional study. Doses were increased up to 2000mg/day or to

benefit. Patients were followed for three months and rated

by the Abnormal Involuntary Movement Scale which

showed a significant improvement during the open label

trial. Side effects included drowsiness and confusion (Meco

et al., 2006).

Vitamin E has been investigated in many small, two-

week long, double-blind studies. Doses of 1200--1600mg/

day were compared to placebo and showed a 24--43%
benefit (as reviewed in Pierre, 2005). However, the largest

and longest study of vitamin E (Adler et al.,1999) did not

replicate these results. It was a multi-centered, prospective,

randomized trial of 158 subjects followed for two years.

Because prior studies had suggested that patients with

shorter duration of symptoms were more likely to improve,

patients with TD for more than 10 years were not included.

This study may have selected for more treatment-resistant

patients since many patients were on atypical neuroleptics

at the time of study enrollment.

If a patient remains refractory to all other treatments or

cannot safely use one of the above therapies, resuming or

even increasing the causative neuroleptic may be necessary

to suppress TD and to provide symptomatic benefit. In this

context, higher doses of neuroleptics or treatment re-

initiation led to improvement in more than 60% of treated

patients (Jeste and Wyatt, 1982). In this context, informed

consent is particularly important, since the patient and

physician are using the causative agent to treat TD.

TARDIVE DYSTONIA

Description

Tardive dystonia (Tdt) is a form of tardive dyskinesia, but is

considered separately because there are several clinical,

epidemiological and pathophysiological differences that

distinguish it from the traditional form of TD. Moreover,

drugs that improve tardive dystonia can exacerbate tradi-

tional TD.Often the twoproblems co-exist and the clinician

must assess the prominent features of a given patient to

decide on what primary clinical problem to treat.

The phenomenology of tardive dystonia in its pure form

is clinically indistinguishable from idiopathic torsion dys-

tonia. The movements may include focal, segmental or

generalized dystonia with muscle spasms and twisting

postures that are often painful. They most commonly

involve the cranial-cervical area, occurring in this region

among 87% of cases (Kiriakakis et al., 1998).

Similar to patients with idiopathic dystonia, patientswith

tardive dystonia report sensory tricks (Kang, Burke and

Fahn, 1986), where touching a body part can transiently

relieve dystonic spasms. Studies of tardive dystonia suggest

that retrocollis and anterocollis as well as head turning are

more common in tardive dystonia compared to idiopathic

torsion dystonia (Kiriakakis et al., 1998; Kang, Burke and

Fahn, 1986). Other manifestations of tardive dystonia can

include blepharospasm, jaw deviation, trismus, torticollis

or oculogyric crisis (Jankovic, 1995). Particularly promi-

nent are back arching movements (opistotonus).

One feature that can help distinguish tardive dystonia

from idiopathic dystonia is the frequent co-existence

of typical choreic or stereotypic movements of TD.
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Burke et al. found that 16 of 42 patients had other move-

ments such as chorea of mouth, or myoclonous (Burke

et al.,1982). Another series reported that 37 of 67 Tdt

subjects had concominant TD movements (Kang, Burke

and Fahn, 1986).

The majority of patients, 83%, begin their tardive dysto-

nia with focal onset dystonia. Thereafter, the symptoms

progress to become segmental or generalized, such that

only about 15% remain focal over a prolonged period

(Kang, Burke and Fahn, 1986; Kiriakakis et al., 1998).

Generalized dystonia is more likely to develop in younger

patients (Kang, Burke and Fahn, 1986).

Duration of exposure to neuroleptics may be shorter for

tardive dystonia than for TD. In one study, 21% of patients

had been exposed to drugs for less than one year (Kang,

Burke and Fahn, 1986). In a series of 42 patients, the

duration of treatment was not correlated with severity of

dystonia (Burke et al.,1982). Compared to women, men

develop dystonia at a younger age (Kang, Burke and Fahn,

1986) and after a shorter duration of exposure (Kiriakakis

et al., 1998).

Tardive dystonia has an insidious onset. It is progressive

for months then persistent and static for years (Burke

et al.,1982). Fewpatients (14%) have remission. Remission

is four times more likely if neuroleptics are stopped, and

five times more likely in patients who have had less than 10

years of drug exposure, compared to those with more than

10 years of drug exposure (Kiriakakis et al., 1998). Kang,

Burke and Fahn also reported that remission is more

common in people with the shortest exposure and with

prompt medicine withdrawal after symptom onset (Kang,

Burke and Fahn, 1986). However, withdrawal of neurolep-

tic did not impact the likelihood of a treatment response to

medicine (Kang, Burke and Fahn, 1986).

Prevalance

Reports of prevalence vary considerably depending on the

population studied and the clinical criteria used for dysto-

nia. When only studies that include uniform diagnostic

criteria, as described in (Burke et al.,1982), are included,

the average prevalence rate is found to be 3% (van Harten

and Kahn, 1999).

Pathophysiology

While little is known about the exact pathophysiology of

tardive dystonia, the fact that it resembles idiopathic dys-

tonia, suggests that the twomay share the samemechanism.

The exact pathophysiology of idiopathic dystonia has not

been fully elucidated. PET studies show abnormal activity

in both sensory and motor cortex in subjects with dystonia

(Jankovic, 2007). The role of dopamine in dystonia is

suggested by the knowledge of dopa-responsive dystonia,

which is due to a mutations in genes involved in dopamine

synthesis. Furthermore, PET studies have shown reduced

D2 receptor density in idiopathic dystonia (Perlmutter

et al., 1997).

Treatment

Studies of treatment of tardive dystonia have not been

randomized or controlled. Most data come from retrospec-

tive reviews or case series. Anti-cholinergics have been

shown to provide some benefit in 39--46%of patients, while

tetrabenezine has showed benefit in 63--68% of patients

(Burke et al.,1982; Kang, Burke and Fahn, 1986). The use

of anti-cholinergics may aggravate choreic/stereotypic

movements, whereas tetrabenazine improves both dystonic

and more rapid movements.

Botoulinum toxin A has been studied in patients with

focal or segmental tardive dystonia who fail to respond to

oral medicines. In a retrospective review of these patients,

29/34 had moderate to marked improvement (Tarsy et al.,

1997).

Since deep brain stimulation (DBS) is effective for

idiopathic torsion dystonia (see Chapter 15) it has also

been studied for tardive dystonia. Trottenberg et al. 2005

reported on five patients with intractable Tdt treated with

high-frequency stimulation of the globus pallidus. All

patients had improvement in 12--72 hours. Dystonia rating

scale scores decreased by 83% and the effects were revers-

ible in minutes to hours after turning stimulators off.

As with other forms of TD, the most important preven-

tative treatment is to use neuroleptics only when absolutely

necessary, to use low doses and to limit the exposure to the

minimum amount of time to treat psychotic behaviors.

When tardive dystonic symptoms develop, removing the

causative agent is particularly important if psychiatric

disease permits, because of the data cited above. If neuro-

leptics cannot be stopped or the doses reduced, the treat-

ment options for tardive dystonia can be divided into oral

agents and other treatments. For patients with focal or

segmental dystonia that is amenable to botulinum toxin

injection, this treatment can provide meaningful benefit

without significant systemic side effects (Tarsy et al.,1997)

that run the risk of aggravating psychiatric treatment. For

patients with generalized dystonia, or focal dystonia that is

not amenable to botulinum toxin injection, oral agents may

be used.

OTHER TARDIVE SYNDROMES

The tardive syndromes described below are rare. There

have been no studies that specifically examine the preva-

lence, pathophysiology or treatment of these disorders.

Information about these syndromes comes from case

reports or case series.
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Tardive Akathisa

Tardive akathisia occurs during or after exposure to chronic

neuroleptics. The features of this disorder have been de-

scribed in a retrospective review and are similar in clinical

presentation to sub-acute akathisia (see above), but appear

after chronic exposure to anti-psychotics. Tardive dystonia

and TD often co-exist with tardive akathisia. Younger

patients were most likely to have remission or response to

therapy. Reserpine and tetrabenazinewere effective inmost

patients, while some patients improved with benzodiaze-

pines (Burke et al., 1989). A case report of two patients

showed improvement with propranolol (Yassa, Iskandar

and Cristina, 1988).

Tardive Tourettism

Several case reports of tardive tourettism or tic movements

that are stereotypic motor and vocal tics, exist in the

literature. One example involved a 45-year-old patient who

developed symptoms of a tic disorder after 10 years of

chronic neuroleptic treatment for schizophrenia. He had

complexmotor and vocal tics, but no symptoms of attention

deficit disorder (ADD), or obsessive-compulsive disorder

(OCD). The absence of co-morbid ADD and OCD in

tardive Tourettism has been noted by other authors

(Bharucha and Sethi, 1995). In a series of 12 patients with

neuroleptic-induced tics, five had concominant TD with

oro-facial-lingual choreic movements. Pimozide and clo-

nidine were used with some success (Bharucha and Sethi,

1995). Another case report and review of prior case reports

suggested that patients may improve with clonazepam

(Reid, 2004).

Tardive Myoclonus

Myoclonic movements have infrequently been reported in

patients exposed to chronic neuroleptic drugs. One case

series described arrhythmic, shock-like contractions of the

muscles in the upper extremities. Movements were not

affected by action, rest or posture, but disappeared in sleep.

The authors usedEMG to provide electrophysiological data

distinguishing myoclonus from chorea. Clonazepam was

helpful (Fukuzako et al., 1990). Face and neck myoclonus

have been described in a single case report (Little and

Jankovic, 1987).

FUTURE DIRECTIONS

Significant progress has been made in the understanding of

neuroleptic-induced movement disorders, but many unan-

sweredquestions remain.Future research shouldbedirected

towards a better understanding of which patients are likely

to develop movement disorders when exposed to various

medications to treat underlying psychiatric diseases. The

field of pharmacogenetics may help elucidate whether an

individual patient is likely to respond to a particular medi-

cine, and whether or not a patient is at a high risk of

developing side effects. Genetic studies may also help

elucidate themechanismof neuroleptic-inducedmovement

disorders. Are the same genetic abnormalities involved in

idiopathic dystonia or parkinsonism, involved in drug-in-

duced parkinsonism or tardive dystonia, for example.

For treatment, new pharmacological discoveries and

better understanding of the physiological basis of dyski-

nesias may allow better treatment options. The challenge is

great, however, in that researchers working on the other

main condition where dyskinesias are prominent, that is

PD, have failed to identify new treatments.
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INTRODUCTION

Drug-induced dyskinesias are recognized as one of the fre-

quent types of secondarymovement disorders; neuroleptics or

dopamine (DA)-blocking agents in general are the main

offenders and most commonly induce parkinsonism, tardive

dyskinesia and acute dystonic reactions (Goetz, Chapter 25).

Due to the widespread use of these drugs in the treatment of

psychiatric disorders, a large body of information is available

regarding neuroleptic-induced dyskinesia. Other drugs, like

central nervous system stimulants, certain anti-convulsants,

tricyclic anti-depressants, estrogens, antibiotics, immunosup-

pressive agents and so on, are also capable of inducing

movement disorders, through different pathogenetic mecha-

nisms and with a quite variable clinical expression.

DRUGS INVOLVED IN THE PRODUCTION
OF DYSKINESIAS

Asterixis, chorea, dystonia, myoclonus and tremor are the

most common clinical presentations of dyskinesias induced

by drugs other than neuroleptics and DA blocking agents

(Table 26.1, modified from Kipps et al., 2005), but their

overall prevalence is rather low.

Most of the information available is based on isolated

anecdotal reports, small series or data collected from the

safety information reported in clinical trials of some of the

offending drugs. As many of these drugs may cause differ-

ent types of movement disorders it is advisable to analyze

the problem by drug category rather than by type of

dyskinesia (see Table 26.2).

The different dyskinesias caused by levodopa are dis-

cussed in Chapter 5.

Anti-Epileptic Drugs

Of all anti-epileptic agents, phenytoin is the drug most

frequently associated with the development of movement

disorders. It has been reported to induce orofacial chorea,

ballismus, dystonia, tremor, asterixis and myoclonus

(Harrison, Lyons and Landow, 1993; Duarte et al., 1996;

Chi, Chua and Kong, 2000). In the review of the literature

byHarrison, Lyons andLandow (1993), therewere 77 cases

reported up to 1993. Involuntarymovements have occurred

in some patients with high plasma-phenytoin levels, while

in 23% of the cases phenytoin levels were within the

therapeutic range; however, phenytoin-induced movement

disorders most often develop in patients on polytherapy, or

after increasing dosage. In one series (Harrison, 1993) 68%

of the patients who developed movement disorders were

taking other anti-epileptic drugs in combination with phe-

nytoin. The dyskinesias observed with phenytoin usually

disappear with dose reduction or drug withdrawal. The

most common type of hyperkinesia observed in these

patients is choreoathetosis, present in 91% of cases. In

some of the cases reported in the literature the presentation

is episodic and paroxysmal with long bouts of dyskinesias

and periods of almost disappearance of the involuntary

movement (Dravet et al., 1980; Saito et al., 2001). In one of

the patients reported by Saito et al. (2001), an ictal SPECT

was performed, showing basal ganglia hypoperfusion con-

tralateral to the dyskinesia. More than one type of move-

ment disorder can be present in the same patient. It has been

suggested that a pre-existing lesion in the basal ganglia

might be an important predisposing factor for the develop-

ment of phenytoin-induced dyskinesias. However, in only

12% of the patients reported in the literature a focal

structural lesion of the brain was identified. Phenytoin is

believed to decrease high-frequency repetitive firing of

action potentials by enhancing sodium-channel inactiva-

tion. Whether this mechanism is related or not to the

capacity of this drug for producing dyskinesias remains to

be established (Macdonald and Kelly, 1995).

Carbamazepine (CBZ) has also been found to berespon-

sible for the development of a variety of dyskinesias,
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Table 26.1 Drug-induced dyskinesias.

Type of

dyskinesias Drugs

Chorea Common:L-Dopa

Uncommon: Phenytoin, carbamazepine, tricyclic anti-depressants, estrogen, cocaine, baclofen,

trazodone, anti-cholinergics, ciprofloxacine

Myoclonus Common: SSRIs

Uncommon: Tricyclic anti-depressants, lithium, MAO inhibitors, carbamazepine, penicillin

and cephalosporin antibiotics, cocaine, opiates, amantadine, L-dopa, bromocriptine

Tremor Common: Neuroleptics, valproate, alcohol, sympathomimetics

Uncommon:Opiates, SSRIs, immunosuppressives, hypoglycemic agents, antibiotic and anti-viral agents,

other anti-convulsants, anti-arrhythmics, anti-depressants, xanthines, corticosteroids, thyroxine,

amiodarone

Dystonia Common: Neuroleptics and other DA-agonists (anti-emetics), L-dopa

Uncommon: Dopamine agonists, phenytoin, carbemazepine, SSRI and tricyclic anti-depressants,

cocaine, erythromycin, buspirone, ranitidine, nefazadone, benztropine, diphenhydramine

Parkinsonism Common: Neuroleptics and other DA-agonists (anti-emetics)

Uncommon: Flunarizine, cinnarizine, tricyclic anti-depressants, tacrine, chemotherapeutic agents,

carbamazepine, phenytoin, valproate, lamotrigine, MPTP

Tics Uncommon: Carbamazepine, phenytoin, lamotrigine, dexamphetamine, methylphenidate, cocaine

Akathisia Common: Neuroleptics

Uncommon:Tricyclic anti-depressants; calcium channel antagonists; SSRIs;MAO,monoamine oxidase;

MPTP

Adapted from Kipps C.M., Fung V.S., Grattan-Smith P., de Moore G.M., Morris J.G. Movement disorder emergencies.Mov. Disord., 2005
Mar; 20(3):322--34.

Table 26.2 Non-neuroleptic drug-induced dyskinesias.

Type of drug Type of dyskinesias

Anti-convulsants (phenytoin, carbamazepine, gabapentin,

pregabaline, valproate, lamotrigine, ethosuximide,

tiagabine, topiramate, vigabatrin, felbamate)

Asterixis, chorea, dystonia, myoclonus, tics, tremor

Tricyclic anti-depressants (amitryptiline, impipramine) Chorea, myoclonus, dystonia, akathisia, tremor

SSRIs Myoclonus, tremor, dystonia, akathisia

Psychostimulants (cocaine, atomoxetine, methylphenidate,

dexamphetamine, pemoline)

Chorea, myoclonus, tics

Sympathomimetics (ephedrine, pseudoephedrine,

phenylpropanolamine, beta-adrenergic bronchodilators,

etc.)

Tremor

Anti-histamines (diphenidramine, hydroxizine, cetrizine,

cyclizine, cimetidine, ranitidine)

Dystonia, tremor, chorea

Antibiotics (penicillin, ciprofloxacin, erythromycin) Myoclonus, tremor

Immunosuppressive agents (cyclosporin A, tacrolimus) Myoclonus, tremor

Miscellaneous (amantadine, baclofen, benzodiazepines,

bupropion, buspirone, diazoxide, digoxin, estrogens,

fentanyl, lithium, opiates, propofol, tumor necrosis factor)

Chorea, dystonia myoclonus, tics, tremor
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including tics and dystonia. Tics, both motor and vocal, are

perhaps themost frequently reported dyskinesiaswithCBZ.

They have been reported in patients without pre-existing

evidence of Tourette syndrome (TS) or tics, or as an

exacerbation of TS; both in normal or brain-damaged

children, and in patients with Huntington’s disease and

tardive dyskinesia (Neglia, Glaze and Zion, 1984; Kurlan

et al., 1989;Robertson et al., 1993;Holtmann,Korn-Merker

and Boenigk, 2000). Dystonia secondary to the use of CBZ

is less frequent than tics; oculogyric crisis, segmental

cranio-cervical dystonia and generalized axial dystonia

with opisthotonus have all been described. The mode of

presentation of dystonic phenomena is frequently sub-acute

(2--3weeks after the introduction of the drug), or as an acute
dystonic reaction coincident with a sudden increase in

dosage. Most of these phenomena resolve with dose reduc-

tion or discontinuation of the drug (Jacome, 1979; Soman

et al., 1994; Bradbury, Bentick and Todd, 1982; Gorman

and Barkley, 1995; Crosley and Swender, 1979; Stryjer

et al., 2002). Brain damage has been proposed as a predis-

posing factor in come cases (Crosley and Swender, 1979).

There is only one report of choreiform movements and

myoclonus with CBZ (Go, 1999). Although CBZ probably

exerts its anti-epileptic effect by the stabilization of sodium

channels, it is possible that the induction of dyskinesias is

related to its ability to increase acetylcholine in the striatum

and inhibit dopamine neurotransmission. Studies in rats

have demonstrated that although therapeutic concentrations of

carbamazepine increase dopamine neurotransmission in spe-

cific areas, supratherapeutic concentrations of carbamazepine

may inhibit dopamine transmission (Okada et al., 1997).

Gabapentin (GBP) belongs to the newer generation of

anti-epileptic drugs and has also been reported to induce

different movement disorders. Choreoathetosis, and dysto-

nia in the form of oculogyric crisis, dystonic jerking or

acute segmental dystonic reactions, have been reported

with the use of GBP for epilepsy, neuropathic pain and

essential tremor (Reeves et al., 1996; Chudnow,Dewey and

Lawson, 1997; Pina and Modrego, 2005). It has been

speculated that predisposing factors may facilitate the

development of dyskinesia, as reported inmentally retarded

patients given GBP who developed choreoathetosis

(Chudnow, Dewey and Lawson, 1997). In all cases resolu-

tion was observed after discontinuation of the drug. Newly

developed choreoathetoid dyskinesias have also been re-

ported in Parkinson’s disease patients receiving GBP for

neuropathic pain, which resolved upon discontinuation of

the drug (Norton and Quarles, 2001; Raju,Walker and Lee,

2007). Perhaps the most frequent dyskinesia observed in

patients under treatment withGBP ismyoclonus. Asconape,

Diedrich and DellaBadia (2000) found that 13 out of 104

patients under treatment with GBP for epilepsy presented

with myoclonus, of which 10 had newly developed multi-

focal myoclonus, three had focal myoclonus contralateral to

their epileptic focus, and in two there was exacerbation of

pre-existing myoclonus. Not all cases required treatment or

withdrawalofGBP, as inmost, thedyskinesiawas subtle and

did not interfere with daily life. Myoclonus completely

disappeared in those cases in which the drug was discon-

tinued. In patients with impaired renal function or end-stage

renal disease, GBP has been found to induce myoclonus

when given for the treatment of neuropathic pain (Holtkamp

et al., 2006; Zhang et al., 2005). In these cases it was

speculated that impairmentof renal functionwas responsible

for the elevation of GBP plasma levels, leading to toxicity

and myoclonus, as pharmacokinetic studies in humans have

shown that GBP is not metabolized, is not bound to serum

proteins and is cleared by renal excretion alone. Asterixis or

negativemyoclonus characterized by brief, sudden lapses of

posture has also been reported in patients receiving GBP for

neuropathic pain (Jacob, Chand and Omeima, 2000; Sechi

et al., 2004; Babiy et al., 2005), and in some cases this

phenomenon was responsible for postural instability and

frequent falls. The pathophysiological mechanisms by

whichGBP induces dyskinesia are not verywell understood.

GBP is structurally related to g-aminobutyric acid (GABA),
may alter the synthesis and release of GABA in the brain and
has high-affinity binding to the a-2-d subunit of voltage-
activated calcium channels. It is also known to increase the
release of DA in central pathways as well as serotonin and
noradrenaline,whiledecreasinglevelsofglutamicacid (Raju,
Walker and Lee, 2007). Pregabaline (isobutyl-GABA) and
vigabatrine (g-vinyl-GABA), both structurally similar drugs
to GBP, are also known for their capacity to induce asterixis
and/ormyoclonus (Neufeld andVishnevska, 1995;Huppertz,
Feuerstein and Schulze-Bonhage, 2001; Heckmann et al.,

2005). Tiagabine is another anti-epileptic drug acting

through GABA-mediated mechanisms (inhibition of GABA

uptake) that has been linked to the occurrence of abnormal

involuntarymovements.Tremor is perhaps themost frequent

of these, and has been reported to be present in 9--31% of

patients treatedwith this drug (Fakhoury,Uthman andAbou-

Khalil, 2000; Leppik et al., 1999). In addition, transient acute

dystonic reactions (focal limb dystonia, oromandibular

dystonia, writer’s cramp) or sustained athetoid limb move-

ments have been reported with tiagabine (Wolanczyk and

Grabowska-Grzyb, 2001; Tombini et al., 2006).

Valproic acid or valproate (VPA) is a first-line anti-

epileptic drug and one of the most widely prescribed.

Postural tremor induced by VPA has been reported to occur

in 6--45% of cases (Perucca, 2002). Such a wide variability

can be explained by the use of different ascertainment

methods. VPA-induced postural tremor has the typical

characteristics of enhanced physiological tremor, and its

frequency and severity are dose-related (Rinnerthaler et al.,

2005). In addition to tremor, VPA has been related to the

development of choreiform movements. All cases of VPA-

inducedchoreawereobserved inpatientswithbraindamage
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(vascular lesions, traumatic brain injury, non-ketotic

hyperglycemia) (Lancman, Asconape and Penry, 1994;

Gunal, Guleryuz and Bingol, 2002; Morrison, Sankar and

Shields, 2006). As with other drug-induced dyskinesias,

valproate withdrawal resulted in either improvement or

disappearance of the abnormal involuntary movements. Its

pharmacological effects involve a variety of mechanisms,

including increased GABA-ergic transmission, reduced

release and/or effects of excitatory amino acids, blockade

of voltage-gated sodium channels and modulation of dopa-

minergic and serotoninergic transmission (Perucca, 2002).

Lamotrigine (LTG), is another new-generation anti-

epileptic drugwhich has been associatedwith drug-induced

dyskinesias of variable presentation, including tics and

tourettism, tremor, chorea, dystonia and myoclonus. “De

novo” occurrence of motor and phonic tics in at least eight

children without prior history of Tourette syndrome has

been reported with LTG therapy after several months of

treatment (Lombroso, 1999; Sotero de Menezes et al.,

2000). In those patients in whom LTG could be withdrawn,

the symptoms disappeared after a few weeks; re-challenge

with the drug resulted in re-emergence of tics in two cases.

Myoclonus is the second most frequently reported dyski-

nesia with LTG, both as exacerbation of pre-existing

myoclonic phenomena or in patients without prior history

of abnormal involuntary movements (Janszky et al., 2000;

Crespel et al., 2005). In some cases it can become a severely

disabling symptom, and in one patient it lead to the

development of myoclonic status. It has been related to

high plasma levels of the drug and improvement was

observed in all cases with dose reduction; in one case

complete withdrawal of the drug was necessary. Blepha-

rospasm in one case and chorea and tremor in another are

uncommon dyskinesias observed with the use of LTG

(Verma et al., 1999; Das et al., 2003). LTG is believed to

block excessive pre-synaptic release of excitatory amino

acids (EAAs). EAAs can also interfere with striatal dopa-

mine uptake. Conceivably, LTG may cause dyskinesias by

failing, at high doses, to properly regulate the pre-synaptic

release of EAAs in the striatum (Macdonald and Kelly,

1995; Lombroso, 1999).

There are occasional reports of dyskinesias induced by

other anti-epileptic drugs, such as ethosuximide (Kirschberg,

1975) and felbamate (chorea and dystonia) (Kerrick

et al., 1995).

Anti-depressants (Tricyclic and Selective Serotonin
Reuptake Inhibitors (SSRIs)

Tricyclic anti-depressants (TCAs), such as amitryptiline

and imipramine, have been associated infrequentlywith the

occurrence of movement disorders. However, a compre-

hensive review of the literature published 10 years ago

(Vandel et al., 1997) suggested that they were more com-

mon than previously believed. Since the publication of that

review, very little has been added in terms of knowledge of

their true prevalence or clinical phenomenology. One of the

earliest published papers is that of Fann, Sullivan and

Richman (1976) reporting on one case of buccolingual

dyskinesias and another with more widespread choreoathe-

toid movements, which were clearly attributable to the use

of a TCA. A further important contribution, published in

1987 (Garvey and Tollefson, 1987) reported on the pres-

ence of myoclonus in almost 40% of cases receiving TCAs,

in nine of which it became so bothersome as to require

withdrawal of the medication. In addition to chorea (pre-

dominantly buccolingual) and myoclonus, there have been

reports of akathisia, alone or in association with myoclonus

or dystonia, both focal and segmental. There are only a few

publications specifically addressing the issue of tremor

induced byTCAs (Kronfol,Greden andZis, 1983; Raethjen

et al., 2001). However, in several of the reports of clinical

trials evaluating TCAs alone, or in comparison with other

anti-depressants, tremor is mentioned as a frequent side

effect, sometimes disabling enough to warrant discontinu-

ation of the drug (Watanabe et al., 1978; Smith et al., 1990;

Morgan and Sethi, 2005). Dyskinesia secondary to the use

of TCAs may appear acutely or after chronic use, usually

several months. In themajority of cases, reported TCAs had

been prescribed at therapeutic doses. In a few instances

TCAs were given at very high doses or in combination with

other psychotropic drugs (Vandel et al., 1997). It has been

suggested that both the anti-cholinergic and serotonin-

reuptake inhibiting properties of the tricyclic anti-depressants

could be related to the development of abnormal movements

(Vandel et al., 1997). In the case of tremor induced by TCA, it

has been shown that it is the consequence of an enhancement

of the central component of physiological tremor (Raethjen

et al., 2001).

Selective serotonin reuptake inhibitors (SSRIs) have also

been associated with the development of movement dis-

orders (Gerber and Lynd, 1998; Schillevoort et al., 2002;

Hedenmalm et al., 2006). In their comprehensive review,

Gerber and Lynd (1998) were able to compile all available

data on SSRI-induced movement disorders at the time of

their analysis. They reviewed a total of 127 published

reports involving 30 cases of akathisia, 19 of dystonia,

12 of dyskinesia, 6 of tardive dyskinesia (TD), 25 of

parkinsonism and 15 cases of mixed disorders. Ten isolated

cases of bruxism were also identified, and 10 additional

reports could not be classified. In addition, manufacturers

of these drugs provided 49 reports of akathisia, 44 of

dystonia, 208 of dyskinesia, 76 of TD, 516 of parkinsonism

and 60 of bruxism. More recently, two pharmacovigilance

reports from the Netherlands and Sweden tried to estimate

the risk and risk factors involved in the development of

extrapyramidal symptoms in patients under treatment with

SSRIs, based on spontaneous reporting of adverse events
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(Schillevoort et al., 2002; Hedenmalm et al., 2006). The

Dutch pharmacovigilance study concluded that SSRIswere

associated with a twofold increase in extrapyramidal ad-

verse events compared to other anti-depressants. Parkin-

sonism and dystonia were the most frequently reported

(59.0 and 21.3%, respectively). However, tremor often was

the only sign of parkinsonism (83.3%). Only one report

described akathisia. Inmost cases, other factors contributed

to the increased risk (advanced age, concomitant treatment

with anti-psychotics, pre-existing Parkinson’s disease, etc.)

(Schillevoort et al., 2002). In the Swedish study, in addition

to estimating the relative frequency of these adverse events,

the authors obtained blood samples to identify possible

genetic risk factors. The risk of extrapyramidal adverse

events with SSRIs seems to increase with advanced age and

with the presence of the A1 allele of DRD2 Taq1A poly-

morphism (Hedenmalm et al., 2006). Curiously, in none of

these publications is tremor mentioned specifically, except

as a symptom of parkinsonism, despite being one of the

most common movement disorders induced by these drugs

(Edwards and Anderson, 1999). Almost 20% of patients

started on SSRIs develop tremor in the absence of a

previous history of tremor (Wernicke, 1985;Diaz-Martinez

et al., 1998). In a systematic analysis of tremor induced by

the use of fluoxetine, Serrano-Duenas (2002) reported on

the findings in 21 cases. Contrary to the interpretation of the

adverse event reports included in the Dutch pharmacovi-

gilance study, which attributed tremor to drug-induced

parkinsonism, in this study, tremor was clearly postural or

action in nature and with a frequency much higher (6--
12Hz) than typical parkinsonian rest tremor (Schillevoort

et al., 2002; Serrano-Duenas, 2002). The mechanisms

involved in SSRI-inducedmovement disorders are not fully

understood, but it has been suggested that serotonin may

have an inhibitory influence on dopaminergic neurotrans-

mission (Leo, 1996).

Myoclonus and tremor can be part of a more serious

adverse effect observed with SSRIs, the serotonin syn-

drome (Boyer and Shannon, 2005). This is a potentially

fatal disorder linked to excessive serotonergic activity. It is

characterized by changes in mental status, hypertension,

restlessness, myoclonus, hyper-reflexia, diaphoresis, diar-

rohea, shivering and tremor. The combined use of anMAO-B

inhibitor plus an SSRI may lead to the development of

serotonin syndrome, thus physicians are warned of the poten-

tial danger of this combination. Estimates of its incidence in

this context are however quite low, 0.24% of parkinsonian

patients in a survey had experienced symptoms compatible

with this syndrome,while in only 0.04% theywere considered

to be serious (Richard et al., 1997).

In addition to SSRIs, there are other anti-depressants

acting on the serotonergic system, but with a different mecha-

nismof action. Trazodone is an atypical anti-depressantwith a

mixed mechanism of action (antagonist/agonist at the 5HT

receptor). There have been very few reports of movement

disorders inducedby this drug, including twocases of dystonia

and one case each of myoclonus and chorea (McNeill, 2006).

Nefazodone, another 5HT2 receptor antagonist anti-depres-

sant has been involved in the production of an acute dystonic

reaction appearing 2h after the patient took the first dose of the

drug (Burda et al., 1999).

Treatment strategies include discontinuation of the

SSRI, dosage reduction or the addition of a benzodiazepine,

b-blocker or anti-cholinergics. Complete disappearance of

the movement disorder after discontinuation of SSRIs may

take several months (Serrano-Duenas, 2002). Buspirone, a

drug acting as a full agonist at the 5-HT1A receptor, has

been proposed as the preferred treatment for SSRI-induced

bruxism (Bostwick and Jaffee, 1999).

Psychostimulants

Central nervous system stimulants are also known to induce

dyskinetic movements (Weiner et al., 2001). Amphet-

amine, or methamphetamine-induced chorea has been re-

ported in the setting of acute or chronic abuse/addiction,

generally associated with hyperactivity and repetitive be-

haviors (Rylander, 1972; Lundh and Tunving, 1981; Rhee,

Albertson and Douglas, 1988; Sperling and Horowitz,

1994), however, it has been reported only rarely with

therapeutic uses of the drug. There have been a few reports

including that of a woman taking an amphetamine precur-

sor for weight loss, and a man who developed chorea

temporally related to an increase in the dose of mixed

amphetamine salts he was receiving as treatement for his

attention deficit hyperactivity disorder (ADHD) (Morgan,

Winter and Wooten, 2004). The mechanism by which

amphetamine causes choreiform dyskinesias is thought to

be related to its capacity to stimulate the release of dopa-

mine from pre-synaptic striatal terminals. Elevated nigros-

triatal dopamine, especially involving the D2 receptor

system, leads to a decrease in striatopallidal GABA level.

This can, in turn, produce a loss of inhibitory regulation

leading to the development of hyperkinetic movements.

(Caligiuri and Buitenhuys, 2005). Stereotypies observed in

rodents after administration of high doses of amphetamine

are believed to be the equivalent to hyperactivity and

choreiform dyskinesias in humans.

Cocaine as a drug of abuse has also been held responsible

for the development of abnormal involuntary movements.

Hyperactivity and repetitive stereotyped behaviors (pund-

ing), as previously mentioned with amphetamine, are also

observed among cocaine addicts. In addition, there have

been reports of multi-focal tics, akathisia, dystonia, exacer-

bation of neuroleptic-induced dystonic reactions, myoclo-

nus and choreiform movements (Rylander, 1972; Pascual-

Leone and Dhuna, 1990; Kumor, Sherer and Jaffe, 1986;

Daras, Koppel andAtos-Radzion, 1994; Bartzokis et al., 1999).
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In most instances reported in the medical literature,

patients developing abnormal involuntary movements

with cocaine had predisposing factors, such as previous

exposure to neuroleptics or pre-existent brain disease.

Writhing body movements of a choreoathetoid nature are

refered to among cocaine-abusing individuals as “crack-

dancing” (Daras, Koppel and Atos-Radzion, 1994).

“Crack-dancing” appears to be fairly prevalent within

this population, although due to its transient nature, with

a typical duration of 2--6 days, few of these individuals

seek medical care for this disorder. This may explain the

scarcity of published reports on this phenomenon. There

are, however, a few examples of persisting dyskinesias

after a long period of abstinence. In addition to acute or

sub-acute choreic dyskinesias, the presence of choreic

movements in chronic cocaine-dependent (CD) indivi-

duals has also been evaluated. Compared to normal con-

trols, a large sample of (n¼ 71) CD subjects scored

significantly higher using an abnormal involuntary move-

ments scale, particularly in the limbs and body compo-

nents of the scale, reflecting the presence of subtle

choreoathetoid movements in these individuals (Bartzo-

kis et al., 1999). Cocaine is a dopamine-uptake blocker

acting on the pre-synaptic dopamine transporter system,

leading to increased dopaminergic stimulation at the

striatal level, similar to what is observed with amphet-

amine. The presence of persistent dyskinesias in chronic

cocaine abusers, as well as the persistence of these abnor-

mal involuntary movements in CD subjects even after

prolonged periods of abstinence, raises the possibility of

either a toxic effect of psychostimulant substances or their

ability to induce enduring plastic changes in basal ganglia

circuitry (Weiner et al., 2001).

Pemoline is another psychostimulant usedmainly for the

treatment of ADHD that was withdrawn from the US

market in 2005 due to the risks of liver toxicity, which

outweighed its potential therapeutic benefits. As this drug is

still available in several countries outside the US, it is still

important to consider its potential ability to induce dyski-

nesias. Although infrequently, pemoline has been associ-

ated with the development of choreoathetoid movements

and tics, both in the acute and chronic setting (Stork and

Cantor, 1997). In some cases the development of abnormal

involuntary movements was quite abrupt and appeared

minutes after pemoline was first ingested. In all cases

withdrawal of the medication resulted in disappearance of

the movement disorder, usually within 24 h (Sallee et al.,

1989; Stork and Cantor, 1997). Pemoline causes catechol-

amine re-uptake inhibition in the central nervous system,

and has also been shown to enhance sodium potassium

ATPase activity at low concentration while inhibiting its

activity at high concentrations in rats. The end result of

these mechanisms is a higher concentration of norepineph-

rine, epinephrine and dopamine in central neuronal

synapses (Stork and Cantor, 1997). The mechanism of

action of pemoline shares some similarities with cocaine.

Other central nervous system stimulants used in the

treatment of ADHD have also been implicated in many

instances in the development of tics or other dyskinesias,

and the close association of treatment and exacerbation of

symptoms in some Tourette syndrome cases has been

reported. Methylphenidate, one of the most widely used

drugs within this category, has been reported to induce

generalized choreoathetoid movements, isolated orofacial

dyskinesias and rabbit syndrome (Extein, 1978; Senecky

et al., 2002; Mendhekar and Duggal, 2006). A cross-

sectional analysis of a clinic cohort of children with ADHD

under treatment with stimulant drugs revealed that approx-

imately 9% of them developed a tic disorder, predomi-

nantly transient in nature, with less than 1% having devel-

opment of chronic tics or Tourette syndrome (Lipkin,

Goldstein and Adesman, 1994). Atomoxetine is a norepi-

nephrine reuptake inhibitor, and one of the more recently

introduced drugs for the treatment of ADHD, apparently

lacking stimulant properties. Little published information

is available on the neurologic side effects of atomoxetine or

the possibility of drug interaction. Four cases of tics

originally noted on stimulant medication that re-emerged

on atomoxetine and resolved with withdrawal of atomox-

etine were reported in a recent letter (Lee et al., 2004). Two

other cases, ascertained from poison center telephone

reports, identified “myoclonus” associated with atomox-

etine (Spiller, Lintner and Winter, 2004). In one case,

myoclonus was associated with acute unintentional inges-

tion in an atomoxetine-naive child. The other case occurred

on the second day of therapeutic use. Bond, Garro and

Gilbert (2007) recently reported two cases of reversible

movement disorders associated with the addition of ato-

moxetine to regimens that included other psychoactive

drugs. A nine-year-old taking clonidine and dextroamphet-

amine developed psychosis, abnormal involuntary move-

ments and insomnia. An 18-year-old also initiating

venlafaxine developed facial tics, tremors and speech

disturbance. Acute symptoms did not respond to diphen-

hydramine in either case, but resolved after atomoxetine

and other medications were discontinued. Possible expla-

nations included atypical atomoxetine effect, excess ato-

moxetine or metabolites due to poor metabolizer status

(CYP 2D6 polymorphism/deficiency), a drug--drug inter-

action leading to elevated drug levels, or to excess synaptic

norepinephrine or dopamine. Serotonin syndrome was

considered as a possibility in the second case, but not the

first (Bond et al., 2007).

In most instances, the movement disorders seen with

these drugs are transient. The risk of developing chronic tics

with the use of central nervous system stimulants in patients

with ADHD has not been firmly established, and there are a

number of well-controlled studies that failed to find a
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significant association (Law and Schachar, 1999; Palumbo

et al., 2004; Roessner et al., 2006).

Sympathomimetics

Among the sympathomimetics, b-adrenergic agonists used
in the treatment of respiratory disorders are also known to

produce involuntary movements. Tremor is the most fre-

quent movement disorder seen with drugs like terbutaline,

bambuterol, albuterol, salbutamol and others (Sears, 2002).

The incidence of tremor, however, is low with the use of

these drugs and is more frequently reported with oral

therapy than with inhaled therapy. It has been hypothesized

that tremor is the result of an imbalance between the fast-

and slow-twitch muscle groups of the extremities (Sears,

2002). Severity varies greatly between individuals, and is a

dose-related phenomenon. Normal subjects, as well as

asthmatic individuals, may develop tremor when exposed

to b-adrenergic agonists. The more potent full agonists are

more likely to produce tremor than partial or less potent

agonists. It is important to be aware that these drugs may

exacerbate pre-existing essential tremor, as they possess the

opposite effects of b-antagonists used in the treatment of

this condition. Withdrawal of the medication is the best

therapeutic strategy, although, in many instances, tolerance

may develop with continued use.

Pseudoephedrine and phenyl-propanolamine, drugs

possessing sympathomimetic and amphetamine-like pro-

perties, commonly included in over-the-counter cold

medications, have also been reported to induce either

myoclonus or tremor (Dietz, 1981; Lopez Lois et al., 2005).

Anti-Histamines

Anti-histamines are widely used for a number of indica-

tions, including sedation, treatment of allergic reactions,

rhinitis and use as anti-emetics (Simons, 2004). The desig-

nation anti-histamine is used almost exclusively for drugs

acting as antagonists or inverse agonists at the H-1 receptor

site (Leurs, Church and Taglialatela, 2002). Other drugs,

like ranitidine and cimetidine, acting at different histamine

receptor sites (H-2) are used as inhibitors of gastric secre-

tion (Simons, 2004). Despite their availability in numerous

over-the-counter medications leading to uncontrolled use,

there are not as many reports on movement disorders

induced by these drugs as one would have expected.

Dystonia is the type of dyskinesia most frequently experi-

enced by patients receiving this type of medication. Ce-

trizine has been linked to the development of generalized

dystonic tics in one case and oculogyric crises in at least

nine patients (Fraunfelder and Fraunfelder, 2004). Onset of

the movement disorder in these cases has been mostly sub-

acute, although in a few the problem developed either

acutely or chronically. All of the cases reported were

children receiving the usually prescribed dose of the

medication, and in all cases the problem resolved with

withdrawal of the offending drug. In a number of cases

there was a positive rechallenge, which confirmed the

causative relationship with the suspected drug (Fraunfelder

and Fraunfelder, 2004; Rajput and Baerg, 2006).Withmost

of the other first-generation H-1 type anti-histamines there

are isolated reports of acute dystonic reactions in the

majority of cases. They have been reported with diphenhy-

dramine, cyclizine, promethazineand azatadine (Joske,

1984; DeGrandi and Simon, 1987; Etzel, 1994; King

et al., 2003). There is only one report involving the devel-

opment of a tardive dyskinesia-like syndrome (buccolin-

gual dyskinesias) in a patient under chronic treatmentwith a

common cold medicine containing clorpheniramine

(Thach, Chase and Bosma, 1975).

There are also reports of acute intoxication with diphen-

hydramine, seen in the emergency room involving 68 non-

fatal and 55 fatal cases (Pragst, Herre and Bakdash, 2006).

Fatality was in these cases related to higher plasma con-

centrations of the drug. The intoxication symptoms re-

ported during emergency admission were quite variable

and included somnolence, sedation in some cases, while in

others the clinical presentation included tachycardia, anti-

cholinergic syndrome, agitation, hallucinations, confusion,

tremor, convulsions, delirium and coma. This is the only

instance in which the presence of tremor has been reported

as a side effect of anti-histamines (Pragst, Herre and

Bakdash, 2006).

Ranitidine and cimetidine, with histamine-blocking

properties at the H-2 receptor, as mentioned above, have

also been linked to acute dystonic reactions, chorea and

postural and action tremor, in a few isolated reports

(Bateman et al., 1981; Romisher, Felter and Dougherty,

1987; Lehmann, 1988;Davis et al., 1994;Wilson,Woodward

andFerrara, 1997;Kapur,Barber andPeddireddy, 1999; Peiris

and Peckler, 2001). Onset of the acute dystonic reaction has

been within minutes of first exposure to these drugs in some

cases, or after repeated administration (Romisher, Felter and

Dougherty, 1987; Kapur, Barber and Peddireddy, 1999; Peiris

and Peckler, 2001). Withdrawal of the medication, and, in

some cases, administration of i.v. diphenhydramine, alone or

in combination with lorazepam, diazepam or benzotropine,

brought, in all cases, rapid reversal of the situation (Romisher,

Felter and Dougherty, 1987; Kapur, Barber and Peddireddy,

1999; Peiris and Peckler, 2001).

The majority of second- and third-generation H-1 an-

tagonists are almost devoid of central nervous system

penetration and therefore less likely to produce movement

disorders (Simons, 2004).

The relative low frequency of drug-induced dyskinesias

observed with these drugs despite their widespread use, is

probably justified by the existence of predisposing factors

in those few individuals that actually develop them (Rajput

and Baerg, 2006).
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The mechanism by which anti-histamines induce the

appearance of abnormal involuntary movements is poorly

understood. It has been hypothesized that in some cases the

piperazinic structure of these compounds, similar to that of

D2 dopamine receptor-blocking drugs, could account for

their capacity to induce acute dystonic reactions (Rajput

and Baerg, 2006). Other effects on basal ganglia circuitry

mediated through histamine receptors, cholinergic recep-

tors or additional neurotransmitter systems cannot be ruled

out (Fraunfelder and Fraunfelder, 2004).

Antibiotics

Among the antibiotics, penicillin was one of the first to be

associated with the development of dyskinesias, specifi-

cally myoclonus, usually in the context of encephalopathy

(Sackellares and Smith, 1979). Penicillin-induced myoclo-

nus is believed to be caused by generators at the cortical,

subcortical or even at the lower brain stem/spinal level

(Sackellares and Smith, 1979). Within the fluoroquino-

lones, ciprofloxacin is the most frequently reported in the

literature as responsible for the occurrence of a variety of

movement disorders, including propriospinal myoclonus,

generalized myoclonus, palatal tremor, tremor and chorea

(Pastor et al., 1996; Post, Koelman and Tijssen, 2004; Azar

et al., 2005; Cheung et al., 2007). Episodic Tourette-like

symptomatology (motor and vocal tics, coprolalia, echola-

lia and echopraxia) has been reported in an elderly patient

with encephalopathy under treatment with ofloxacin

(Thomas and Reagan, 1996). The presence of limb auto-

matisms, hypersalivation and post-episode amnesia in this

case raises the possibility that the episodes were in fact

frontal-onset complex partial seizures. (Thomas and

Reagan, 1996). Tremor is probably the most commonly

encountered hyperkinetic movement disorder in patients

under ciprofloxacine treatment with an incidence of up to

3% of the cases (Azar et al., 2005; Cheung et al., 2007)

Levofloxacion, another representative of the fluoroquino-

lones, has been reported to induce chorea, myoclonus and

tremor in two patients; in one shortly after starting treat-

ment, while in the second the movement disorder appeared

two months after being put on this drug for the treatment of

chronic bronchitis (Yasuda et al., 1999). Cephalosporins,

such as ceftazidime, have also been implicated in the

development of dyskinesias, including asterixis, and en-

cephalopathy with myoclonic jerks (Hillsley and Massey,

1991; Chan et al., 2006; Martin, 2007). Imipenem, an

antibiotic of the carbapenem class, in addition to lowering

the convulsive threshold leading to 1.5% of seizure cases in

patients receiving this drug, has been linked to the develop-

ment of myoclonus in at least two cases (Frucht and

Eidelberg, 1997). An acute dystonic reaction involving the

neck muscles, occurring 5 h. after first exposure to the drug

has been reported with erythromycin; symptoms abated

almost immediately after receiving parenteral diphenydra-

mine; however, they recurred after 30 minutes, requiring an

additional dose of diphenydramine, this time together with

benztropine (Brady andHall, 1992). This is the only instance

of an abnormal involuntary movement caused by an antibi-

otic of the macrolide class that is found in the literature.

All of these are either isolated cases or reports involving

a limited number of cases, as movement disorders are not

the most common adverse events encountered with these

drugs. Therefore we lack information on the overall inci-

dence of abnormal involuntary movements in patients

receiving antibiotics. In the majority of cases the develop-

ment of the movement disorder occurred in conjunction

with an encephalopathic disorder, frequently associated

with drug-induced epileptic seizures (Hillsley and Massey,

1991; Pastor et al., 1996;Post, Koelman and Tijssen, 2004;

Azar et al., 2005; Chan et al., 2006; Martin, 2007; Cheung

et al., 2007). In all patients, cessation of the causative agent

promoted complete recovery within a few days to two

weeks. In the case of a patient who developed propriospinal

myoclonus a few days after the introduction of ciprofloxa-

cin, withdrawal of the medication did not lead to complete

recovery until several months later, which led the authors to

propose that the drug might have triggered a spinal myo-

clonic generator that continued to be active even after the

drug had been stopped (Post, Koelman and Tijssen, 2004).

The pathophysiology of movement disorders secondary

to the use of antibiotics is not completely understood. It is

hypothesized that b-lactams (penicillin and cephalospor-

ins), carbapenems (imipenem) and fluoroquinolones (cip-

rofloxacin, levofloxacin, oxofloxacin) probably exert both

their convulsive threshold-lowering effect and their dyki-

nesia-inducing effect through interactions with the GABA

system (inhibition of GABA-receptor binding or reduction

of GABA release from nerve terminals) (De Sarro et al.,

1995). It must be emphasized that in the majority of cases

in which these effects have been observed, there were

significant predisposing factors, such as advanced age,

pre-existing seizure disorder, encephalopathy, renal

impairment, liver disease and so on (Pastor et al., 1996;

Yasuda et al., 1999; Martin, 2007).

Immunosupressants

Calcineurin inhibitors, like cyclosporin A and tacrolimus,

routinely used as immunosupressants in organ transplanta-

tion, are a frequent cause of neurological adverse events

both at the central nervous system and the peripheral

nervous system level. Estimates of the overall frequency

of neurotoxic effects of these drugs in transplant recipients

ranges from 10 to 28% (Bechstein, 2000). Between 20 and

40% of the cases developing neurological adverse events

experience tremor, thus making this symptom the most

frequent side effect in patients under immunosuppressive
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therapy. Tremor ismainly observed either in action orwhile

sustaining a posture. In the majority of cases the severity is

relatively mild and most patients report no interference

with activities of daily life (Munhoz et al., 2005). In some

studies, a higher incidence of tremor was reported for

tacrolimus, than for cyclosporinA (35%vs 12%) (Bechstein,

2000). There appears to be a significant variability in the

incidence of neurological adverse events according to the

type of transplanted organ. For cyclosporin A, the incidence

of tremor in kidney transplant is 21%, while in bone marrow

transplantation is 16% (Walker andBrochstein, 1988). In the

case of tacrolimus, the incidence of neurotoxic effects is

significantly higher in patientswith liver transplantation than

in heart or lung transplanted cases (Bechstein, 2000). In a

recent study from Brazil, up to 48% of patients receiving

cyclosporin A experienced tremor at some point in their

treatment (Munhoz et al., 2005). In most cases, tremor tends

to diminish or disappear with continued treatment or with

reduction or cessation of therapy.

The pathophysiology of neurotoxic adverse events of

calcineurin inhibitors is quite complex and probably in-

volves a wide range of different mechanisms to account for

the diversity of both central and peripheral side effects. In

the case of tremor, both cyclosporin A and tacrolimus are

believed to modulate the activity of both excitatory

(NMDA) and inhibitory (GABA) receptors via calcineurin

(Bechstein, 2000). It is possible to hypothesize that an

imbalance between excitatory and inhibitory influences at

the basal ganglia and related nuclei could lead to the

development of tremor. Peripheral factors, however, cannot

be completely ruled out.

Miscellaneous

Buspirone, a non-benzodiazepine anxiolytic drug with se-

rotonergic anddopaminergic properties, has been associated

with isolated reports of akathisia, orofacial dyskinesias,

transient myoclonus, tremor, vocalizations and transient or

persistent dystonia (LeWitt et al., 1993). Benzodiazepines,

such as diazepam, bromazepam, clorazepate and lorazepam,

although rarely, have been found to worsen or even induce

dyskinesias, including acute dystonic reactions and tardive

dyskinesias (Rosenbaum and de la Fluente, 1979; Hooker

and Danzl, 1988; Perez Trullen et al., 1992). A case of acute

dystonic reaction (lingual dyskinesias and akathisia) has

been reported with the use of intravenous midazolam,

requiring flumazenil, which completely abolished it

(Stolarek and Ford, 1990). As benzodiazepines modulate

GABA transmission it is possible that an imbalance between

excitatoryand inhibitorymechanismsat thebasal ganglia level

is responsible for the development of abnormal involuntary

movements with these drugs (Perez Trullen et al., 1992).

Oral contraceptives (OC) are occasionally responsible

for the development of choreatic movements. The associa-

tion of chorea and OC was first described by Fernando in

1966, and since then 50 ormore cases have been reported in

the literature (Vela et al., 2004). The movement disorder

usually appears 9--60 days after the onset of treatment. The

existence of predisposing factors has been discussed, as

some patients developing chorea with the use of oral

contraceptives had a history of rheumatic fever, encephali-

tis or chorea gravidarum; in other cases a diagnosis of

systemic lupus erythematosus or the presence of anti-

phospholipid antibodies were believed to be contributing

factors (Vela et al., 2004).However, there are some patients

without any other known risk factor (Miranda et al., 2004).

It is almost the rule that the involuntary movements disap-

pear a few days after drug withdrawal. OC-induced dyski-

nesias are probably related to effects of estrogens both on

dopamine-receptor sensitivity and their effect on the num-

ber of D2 dopamine-receptor binding sites at the striatal

level (Hruska and Silbergeld, 1980; Di Paolo et al., 1982).

Two recent reports have provided new insights into the

pathophysiology of this disorder. In one case a positron

emission tomography (PET) study with 18F-fluorodeoxy-

glucose demonstrated a dense focus of increased glucose

metabolism involving the body of the left caudate nucleus

in a young patient with OC-induced chorea in the absence

of any known predisposing factor (Vela et al., 2004).

Miranda et al. (2004), a propos of a case without evidence

of pre-existing rheumatic disease and in the absence of a

recent streptoccocal infection, who developed chorea after

one year of treatment with OC and had positive anti-basal

ganglia antibodies did a thorough review of the literature

and revitalized the concept of an immune-mediated mech-

anism for this disorder. Gamboa, Isaacs and Harter, 1971

were, in fact, the first to postulate an immunological

mechanism in the pathogenesis of this condition, or at least

the need for the presence of a compromised immune

system on top of which OC would be able to induce

chorea. It remains to be provenwhether or not themajority

of OC-induced choreas are positive for anti-basal ganglia

antibodies.

Other drugs that occasionally have been reported to

induce dyskinesias are amantadine (vocal myoclonus in

a Parkinsonian patient) (Pfeiffer, 1996), baclofen (general-

ized chorea in an Alzheimer’s disease patient) (Crystal,

1990), bupropion (exacerbation of tics in patients with

Tourette and ADHD; buccolingual dyskinesias in

63 year-old man with recurrent depression) (Spencer

et al., 1993; Kohen and Sarcevic, 2006), diazoxide (rigidi-

ty, tremor, oculogyric crises in 15% of patients treated with

this drug) (Pohl, 1975), digoxin (chorea in a seven-year-old

girl with congenital heart disease) (Sekul, Kaminer and

Sethi, 1999), fentanyl (myoclonus and facial dyskinesias in

a 59-year old myasthenic man) (Petzinger, Mayer and

Przedborski, 1995), lithium (choreoathetosis in at least

14 cases reported in the literature; myoclonus of apparently
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cortical origin in several patients) (Reed, Wise and

Timmerman, 1989; Caviness and Evidente, 2003; Stemper

et al., 2003), methadone (choreoathetoid movements in

addicts given this mu opioid agonist) (Wasserman and

Yahr, 1980; Bonnet et al., 1998), propofol (choreoathetosis

in a seven-year-old boy given this drug for anaesthesia

induction) (Diltoer et al., 1996) and tumor necrosis factor

(myoclonus and tremor in a 20 year-old woman with

Ehlers--Danlos syndrome) (Ferbert et al., 1993).

PRINCIPLES OF MANAGEMENT

One of the major challenges one faces when tackling the

problem of drug-induced dyskinesias is the diversity of the

clinical phenomenology and the variety of drugs involved

in their production. In addition, in some of the isolated

reports found in the literature involving drugs rarely or

infrequently causing dyskinesias, it is often difficult to

inequivocally find a causative relationship and even harder

at times to provide a rational explanation for their occur-

rence in terms of pathophysiological mechanisms. Thus it

becomes necessary to approach the problem of drug-

induced dyskinesia in a systematic fashion, as provided in

the following paragraphs (see also Figure 26.1):

1. Dyskinesia caused by non-neuroleptic medications is

an infrequent adverse event (AE). However the trea-

ting physician confronted with a patient in whom

dyskinesias develop in the course of treatment with

anymedication, should be suspicious andmust consider

the possibility of a causal relationship between the

abnormal involuntary movement and the drug the pa-

tient is receiving. It is important to remember that anAE

is defined as any unfavorable and unintended sign

(including an abnormal laboratory finding), symptom

or disease temporally associated with the use of a

medicinal product. Therefore a causal relationship

should be suspected in cases in which the dyskinesia

appears soon after the introduction of any new medica-

tion or in the course of a prolonged treatment.

2. Bearing in mind what has been defined in the preced-

ing paragraph, there are different levels of suspicion in

considering the possibility of a drug-induced origin of

dyskinesia. First, when the dyskinesia observed in a

patient is a well-known and frequent AE of the

medication in question (e.g., chorea and phenytoin;

myoclonus and penicillin; tremor and sympathomi-

metics, immunosuppresants, or valproate; akathisia,

tardive dyskinesias, and parkinsonism with SSRIs;

Is the disorder of common occurrence with the suspected medication? 

1.      Evaluate first alternative diagnoses.  

2.      If no other explanations for the dyskinesias
         are found, reduce or withdraw medication.

3.      Eventually, rechallenge with the suspected
         medication to confirm causality.

4.      If symptoms persist assess need for
         symptomatic medication.

1.      Reduce or withdraw (whenever
          possible) medication and monitor
          reduction of symptomatology.   

2.      Evaluate predisposing factors or
         alternative diagnoses.   

3.      Simplify therapeutic regime if there is
          polypharmacy.   

4.      If symptoms persist assess need for
         symptomatic medication.  

YES NO

Figure 26.1 Diagnostic and therapeutic algorithm for the management of drug-induced dyskinesias.
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etc.) the level of suspicion should be high. In all other

cases it is important to be aware that although infre-

quent, dyskinesias can occur with a wide variety of

medications and steps should be taken to confirm or

rule out a causal relationship. Hopefully, the list of

medications and the different types of dyskinesias

reported as causally related to them, provided in

Table 26.2, will be helpful.

3. In all cases it is important to rule out other possible

causes responsible for the development of dyskinesias

(structural, infectious, metabolic, etc.). One should

bear in mind, however, that in the development of

drug-induced dyskinesias, structural lesions, infec-

tious disorders, metabolic disturbances, as well as

polypharmacy may be contributing factors.

4. Withdrawal, whenever possible, or dose reduction of

the medication suspected to be the cause of the dyski-

nesias is the first step necessary to elucidate the nature

of the problem. In the majority of cases this results in

prompt abatement of the dyskinesias. In some cases it

may take longer for the dyskinesias to disappear and it

may become necessary to resort to symptomatic medi-

cation until the problem disappears and its secondary

cause is ascertained. Parentheral anti-cholinergics and

dyphenhydramine in acute dystonic reactions; anti-

myoclonic agents such as clonazepam, valproate

or levetiracetam in myoclonus; benzodiacepines,

b-blockers, primidone or gabapentin in postural trem-

or; amantadine in parkinsonism; are some of the

therapeutic agents most frequently used.

5. In some cases confirmation of causality is brought

about by re-challenging with the offending drug and

re-emergence of the dyskinesia.

We believe comprehensive reviews such as this are

important to provide the readers with as much information

as possible on such a complex issue. They should be always

attentive to the possibility of having to dealwith some of the

problems exemplified here or even discover newdrugswith

the ability to induce dyskinesias that have not yet been

reported.
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INTRODUCTION

The ataxias comprise a wide spectrum of disorders with

ataxia as the leading symptom. In most of these disorders,

ataxia is due to degeneration of the cerebellar cortex and

its afferent or efferent fiber connections. A classification of

ataxia that distinguishes between hereditary and non-

hereditary ataxias is given in Table 27.1.

Diagnostic tests are selected according to the clinical

situation. In patients with a disease onset before the age of

25 years and a disease affecting only one generation,

autosomal recessive ataxias have to be considered. If one

of the parents had a similar disease, an autosomal domi-

nantly inherited spinocerebellar ataxia (SCA) is probable.

Patients with a sporadic disease starting in adulthood may

have an acquired ataxia, such as alcoholic cerebellar de-

generation (ACD) or paraneoplastic cerebellar degenera-

tion (PCD), or a sporadic degenerative ataxia, such as

multiple system atrophy (MSA) or sporadic adult-onset

ataxia (SAOA). Since 20% of patients with sporadic adult-

onset ataxia have a causative gene mutation, despite a

negative family history, molecular tests for Friedreich’s

ataxia (FRDA) and SCA are recommended in these patients

if there is no evidence for an acquired ataxia or MSA.

GENERAL PRINCIPLES OF THERAPY

Although the genetic defects of many hereditary ataxias are

known etiologic treatment approaches are available only

for some rare forms of ataxia, such as ataxia with isolated

vitamin E deficiency (AVED), cerebrotendinous xantho-

matosis or Refsum’s disease. In most other types of heredi-

tary and non-hereditary degenerative ataxia only supportive

treatment is possible. The situation is different in the

acquired ataxias, which are due to defined exogenous or

endogenous causes. In several of them, treatment ap-

proaches are available that improve ataxia or at least prevent

further progression.

In general, it is assumed that physiotherapy and speech

therapy are helpful in ataxia disorders, although this has not

been proven in controlled trials (Armutlu, Karabudak and

Nurlu, 2001; Perez-Avila et al., 2004). The goal should be

to maintain the highest possible level of autonomy, to cope

with physical disability and to prevent secondary compli-

cations. In some patients with prominent tremor, the appli-

cation of weight to the wrist may lead to some functional

improvement of hand function (McGruder et al., 2003).

With progression of the disease, many patients will require

walking aids and a wheelchair.

It has been repeatedly claimed that a number of centrally

acting drugs, such as 5-hydroxy-tryptophan, buspirone,

physostigmine and D-cycloserine have an anti-ataxic action

and temporarily improve cerebellar ataxia (Trouillas et al.,

1995). However, the efficacy of these anti-ataxic drugs has

not been proven in randomized, controlled studies so that

such drugs cannot be recommended (Ogawa, 2004).

There are numerous neurological and non-neurological

symptoms that may occur in association with certain ataxia

disorders. Well-known examples are cardiomyopathy and

diabetes mellitus in FRDA. These accompanying symp-

toms require conventional medical and neurological treat-

ment, if not otherwise stated.

FRIEDREICH’S ATAXIA (FRDA)

With a prevalence of 1.7--4.7: 100 000, FRDA is the most

frequent recessively inherited ataxia. Mean age at onset is

15 years (D€urr et al., 1996). FRDA is a progressive disease

leading to disability and premature death. Median latency

to becomewheelchair-bound after disease onset is 11 years.

Life expectancy after disease onset is estimated at 35--40
years (Klockgether et al., 1998; Ribai et al., 2007). Clini-

cally, FRDA is characterized by gait and limb ataxia,

dysarthria, lower limb areflexia, loss of proprioception and

cardiomyopathy. A minority of FRDA patients develop

diabetes mellitus (D€urr et al., 1996).
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FRDA is caused by a homozygous, intronic GAA repeat

expansionof the frataxingene (Campuzano etal., 1996).Due

to the mutation, tissue frataxin levels are severely reduced.

Frataxin is a mitochondrial protein that is involved in the

assembly of iron--sulfur clusters. As several enzymes of the

mitochondrial respiratory chain contain iron--sulfur clusters,

mitochondrial respiration is impaired and free radical pro-

duction increased. This is associated with accumulation of

mitochondrial iron (Pandolfo, 2002). The neurodegeneration

inFRDAstarts in thedorsal root ganglioncells and spreads to

ascending and descending spinal pathways.

Therapeutic trials in FRDA used compounds that are

assumed to improve mitochondrial function and decrease

free radical production. In an open trial in 10FRDApatients

extended over 47months, co-enzymeQ10 (400mgper day)

and vitamin E (2100 IU per day) improved cardiac and

skeletal muscle bioenergetics, as well as cardiac function

assessed by echocardiography. In some patients, ataxia

scores were better than predicted from historical controls,

but clear evidence for a beneficial effect of the compounds

on neurological function was lacking (Hart et al., 2005).

Idebenone is a short-chain quinone analog of co-enzyme

Q10 that acts as a free radical-scavenger and improves

mitochondrial function. At a dose of 5mg/kg per day,

idebenone was found to decrease the left ventricular mass

of FRDA patients in a number of small, non-randomized

and uncontrolled studies (Rustin et al., 1999; Hausse et al.,

2002; Buyse et al., 2003). This was confirmed in a ran-

domized, placebo-controlled study of 29 FRDA patients.

However, idebenone had no action on cardiac and neuro-

logical function (Mariotti et al., 2003; Ribai et al., 2007).

A recent study found that idebenone in doses up to 75mg/kg

is well tolerated by FRDA patients. A 6 month placebo-

controled phase II clinical trial that used doses ranging from

5 to 45 mg/kg found a trend towards dose-dependent

improvement of neurological function in juvenile FRDA

patients (Di Prospero et al., 2007). Currently, a phase III

clinical trial of high dose idebenone in FRDA is ongoing.

Other candidates for a therapy of FRDA are histone

deacetylase inhibitors that increase frataxin expression and

iron chelators that reducemitochondrial iron. None of these

compounds have so far been tested in patients.

As there is no evidence for clinical efficacy of any drug in

FRDA, drug treatment is not recommended.

ATAXIA TELANGIECTASIA (AT)

AT is an autosomal recessively inherited multi-system

disorder with an estimated prevalence of 1.2: 100 000. AT

starts in early childhood and leads to premature death, often

around the age of 20 years. Clinically, AT is characterized

by cerebellar ataxia, oculocutaneous telangiectasias, a high

incidence of neoplasia, radiosensitivity and recurrent in-

fections. Almost all patients have increased a-fetoprotein
serum levels. An almost definite diagnosis can bemade by a

lymphocyte radiosensitivity assay. The gene affected in

AT, ATM (ataxia telangiectasia mutated), encodes a mem-

ber of the phosphoinositol-3 kinase family involved in cell

cycle checkpoint control and DNA repair (Savitsky et al.,

1995). More than 200 distinct mutations distributed over

the entire gene have been reported. In the central nervous

system, the mutations result in degeneration of the cerebe-

llar cortex.

There is no effective treatment for AT. Treatment of

infections should be initiated early and maintained over a

prolonged time.Administration of immunoglobulins can be

considered in patients with repeated infections. Treatment

of malignant neoplasias is a particular problem because AT

patients have increased sensitivity to radiation and chemo-

therapy. Therefore, conventional radiotherapy should be

avoided, and chemotherapy should be administered only on

an individual basis (Sandoval and Swift, 1998).

Table 27.1 Classification of ataxias.

Hereditary ataxias

Autosomal recessive ataxias

Friedreich’s ataxia (FRDA)

Ataxia telangiectasia (AT)

Autosomal recessive ataxia with oculomotor apraxia

type 1 (AOA1)

Autosomal recessive ataxia with oculomotor apraxia

type 2 (AOA2)

Spinocerebellar ataxia with axonal neuropathy

(SCAN1)

Autosomal recessive spastic ataxia of Charlevoix-

Saguenay (ARSACS)

Abetalipoproteinemia

Ataxia with isolated vitamin E deficiency (AVED)

Refsum’s disease

Cerebrotendinous xanthomatosis

Other autosomal recessive ataxias

Autosomal dominant ataxias

Spinocerebellar ataxias (SCA)

Episodic ataxias (EA)

Non-hereditary degenerative ataxias

Multiple system atrophy, cerebellar type (MSA-C)

Sporadic adult-onset ataxia of unknown origin (SAOA)

Acquired ataxias

Alcoholic cerebellar degeneration

Ataxia due to other toxic reasons

Ataxia caused by acquired vitamin deficiency or

metabolic disorders

Paraneoplastic cerebellar degeneration

Immune-mediated ataxias

408 ATAXIA AND DISORDERS OF GAIT AND BALANCE



AUTOSOMAL RECESSIVE ATAXIA WITH
OCULOMOTOR APRAXIA TYPE 1 (AOA1)

AOA1 is a rare autosomal recessively inherited ataxia

caused by mutations in the aprataxin gene. Aprataxin is

involved in the repair of single-strand DNA breaks (Sano

et al., 2004).

Disease onset of AOA1 is around seven years. AOA1

patients present with progressive ataxia and oculomotor

apraxia, often accompanied by chorea, neuropathy and

mental retardation. With progression of the disease, neu-

ropathy becomes increasingly disabling (Le Ber et al.,

2003) and serum albumin levels decrease. AOA1 takes a

progressive course leading to severe disability and prema-

ture death, usually in mid adulthood. Two independent

studies found a decreased co-enzyme Q10 content in

striated muscle of AOA1 patients (Quinzii et al., 2005; Le

Ber et al., 2007). Prompted by these observations, a thera-

peutic trial of co-enzyme Q10 supplementation may be

warranted in AOA1. However, clinical data on the efficacy

of co-enzyme Q10 in AOA1 are lacking.

AUTOSOMAL RECESSIVE ATAXIA WITH
OCULOMOTOR APRAXIA TYPE 2 (AOA2)

AOA2 is an autosomal receessively inherited ataxia caused

by mutations in the senataxin gene (Moreira et al., 2004).

Like aprataxin, senataxin is involved in the repair of single-

strand DNA breaks. It has been suggested that AOA2 is the

second most frequent recessive ataxia after FRDA in

Europe (Le Ber et al., 2004).

Disease onset of AOA2 is around 15 years. Clinical

presentation ischaracterizedbyataxiaandneuropathy.Only

half of the patients have oculomotor apraxia.a-Fetoprotein
is always increased in AOA2 (Le Ber et al., 2004). To

distinguish AOA2 from AT a lymphocyte radiosensitivity

assay is required. There is no effective treatment for AOA2.

SPINOCEREBELLAR ATAXIA WITH
AXONAL NEUROPATHY (SCAN1)

A homozygous mutation in tyrosyl-DNA phosphodiester-

ase 1 (TDP1), an enzyme that is essential for preventing the

formation of double-strand DNA breaks in yeast, was

shown to cause an autosomal recessive ataxia associated

with axonal neuropathy, SCAN1 (Takashima et al., 2002).

There is no effective treatment for SCAN1.

AUTOSOMAL RECESSIVE SPASTIC ATAXIA
OF CHARLEVOIX--SAGUENAY (ARSACS)

ARSACS is a rare autosomal recessive disorder clinically

characterized by progressive ataxia and spasticity.

Molecular genetic studies in an isolated population in

Quebec, Canada, identified causative mutations in a gene

encoding sacsin, a large protein with a heat-shock domain

(Engert et al., 2000). Sacsinmutations have been also found

in a European and Japanese ataxia patients (Grieco et al.,

2004). There is no effective therapy for ARSACS. A

minority of patientswith pronounced spasticitymay benefit

from anti-spastic drugs.

ABETALIPOPROTEINEMIA

Abetalipoproteinemia is a rare autosomal recessively in-

herited disorder characterized by onset of diarrhea soon

after birth and slow development of a neurological syn-

drome thereafter. The neurological syndrome consists of

ataxia, weakness of the limbs with loss of tendon reflexes,

disturbed sensation and retinal degeneration. Abetalipo-

proteinemia is caused by mutations in the gene encoding a

sub-unit of a microsomal triglyceride transfer protein

(Sharp et al., 1993). As a consequence, circulating apo-

protein B-containing lipoproteins are almost completely

missing, and the patients are unable to absorb and transport

fat and fat-soluble vitamins. The neurological symptoms

are due to vitamin E deficiency.

Management of abetalipoproteinemia consists of a diet

with reduced fat intake and vitamin supplementation. In-

take of dietary fat should be restricted to 25% of the total

daily calories. One-third of daily fat should stem from food

sources, two-thirds should be given as medium-chain tri-

glycerides. Patients should receive an adequate supply of

essential fatty acids (Kohlschuetter, 2000).

Despite the principal absorption defect, vitamin E can be

supplemented orally, since patients are able to secrete very

small amounts of apoprotein B-containing lipoproteins.

Recommended doses are 50--100mg/kg per day. In addi-

tion, vitamin A (200--400 IU/kg per day) and vitamin K

(5mg every 2 weeks) are given. Levels of vitamin E and A

should be closely monitored. Vitamin supplementation

should be started as early as possible. Restoration of normal

vitamin E levels will lead to clinical improvement or arrest

of further deterioration (Kohlschuetter, 2000).

ATAXIA WITH ISOLATED VITAMIN E
DEFICIENCY (AVED)

AVED is a rare autosomal recessively inherited disorder

with a phenotype resembling FRDA. AVED patients carry

homozygous mutations of the gene encoding a-tocopherol
transport protein, a liver-specific protein that incorporates

vitamin E into very low-density lipoproteins (Ouahchi

et al., 1995). As a consequence, vitamin E is rapidly

eliminated.

Since there is no absorption deficit, oral supplementation

of vitamin E at a dose of 800--2000mg per day is recom-
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mended (Martinello et al., 1998). Vitamin E concentrations

should be closely monitored to guarantee that vitamin E is

restored to normal levels.

REFSUM’S DISEASE

Refsum’s disease is a rare autosomal recessively inherited

disorder due to mutations in the gene encoding phytanoyl-

CoA hydroxylase, which is involved in the a-oxidation of

phytanic acid (Jansen et al., 1997). The clinical phenotype

of Refsum’s disease is caused by accumulation of phytanic

acid in body tissues. Clinically, Refsum’s disease is char-

acterized by ataxia, demyelinating sensorimotor neuropa-

thy, pigmentary retinal degeneration, deafness, cardiac

arrhythmias and ichthyosis-like skin changes. Whereas

ocular and hearing problems are usually slowly progres-

sive, there may be acute exacerbations that are precipitated

by low caloric intake and mobilization of phytanic acid

from adipose tissue.

Refsum’s disease is treated by dietary restriction of

phytanic acid from the 50 to 100mg contained in a normal

Western diet, to less than 10mg per day. The diet should

provide adequate caloric intake to prevent mobilization of

phytanic acid from adipose stores (Gibberd et al., 1985).

With good dietary supervision ataxia and neuropathy may

improve. In contrast, the progressive loss of vision and

hearing cannot be prevented.

In acute exacerbations, plasma exchange (four sessions

over a period of 7--21 days) is effective in lowering phytanic
acid levels and improving neurological and cardiac func-

tion. Plasmapheresis may also be considered in patients in

whom dietary control is insufficient (Harari et al., 1991).

CEREBROTENDINOUS XANTHOMATOSIS
(CTX)

CTX is a rare autosomal recessive lipid storage disorder

with accumulation of cholestanol in various tissues. The

disorder is due to mutations of the gene encoding 27-

hydroxylase (Leitersdorf et al., 1993). The clinical syn-

drome includes ataxia, spasticity, cognitive decline and

cataracts. Xanthomatous swelling of the tendons is highly

characteristic, but not present in all patients.

CTX is treated by oral administration of chenodeoxy-

cholate (750mg per day) (Berginer, Salen and Shefer,

1984). This treatment results in a marked drop in plasma

cholestanol levels and prevents further progression of the

neurological syndrome. In early stages of the disease,

clinical improvement may be achieved. Cataracts and

xanthomatous swelling of the tendons are not affected by

this treatment. Treatment can be further improved by

addition of HMG CoA reductase inhibitors, such as 8

(Peynet et al., 1991).

MARINESCO--SJOGREN SYNDROME (MSS)

MSS is characterized by ataxia, mental retardation, myop-

athy and cataracts. It is caused by mutations that disrupt the

protein function of SIL1, a nucleotide exchange factor for

the Hsp70 chaperone BiP, which is a key regulator of the

main functions of the endoplasmic reticulum (Senderek

et al., 2005). There is no effective treatment for MSS.

SPINOCEREBELLAR ATAXIAS (SCAs)

The SCAs are a genetically heterogeneous group of auto-

somal dominantly inherited progressive ataxia disorders.

Up to now, almost 30 different gene loci have been found.

Of the known mutations, SCA1,2,3,6,7 and 17 are translat-

ed CAG repeat expansions coding for an elongated poly-

glutamine tract within the respective proteins (Table 27.2).

These diseases belong to a larger group of polyglutamine

disorders that also include Huntington’s disease, dentator-

ubro-pallidoluyisian atrophy and spinobulbar muscular

atrophy. Three SCAs, SCA8,10 and 12 are caused by

untranslated repeat expansions in non-coding regions of

the respective genes. In SCA5 (beta-III spectrin, SPTBN2),

SCA13 (potassium channel), SCA14 (protein kinase Cg ,
PKCg), SCA27 (fibroblast growth factor 14, FGF14)

and 16q22-linked ADCA (puratrophin), point mutations

have been found in the respective genes. In all other SCAs,

the affected genes and mutations have not yet been

identified.

The molecular pathogenesis of the diverse SCAs is

incompletely understood. In the SCAs caused by expanded

CAG repeat expansions, it is assumed that the abnormal

polyglutamine-containing proteins encoded by themutated

genes acquire a novel toxic function and exert deleterious

effects on specific neuronal populations. In this respect,

these disorders resemble other CAG repeat disorders, such

as Huntington’s disease and spinobulbar muscular atrophy

(Zoghbi and Orr, 2000). With the exception of SCA6 (a1A

voltage-dependent calcium channel sub-unit, CACNA1A)

and SCA17 (TATA binding protein, TBP), the functions of

the disease proteins of all SCAs of the polyglutamine group

were completely unknown when the respective gene muta-

tions were discovered. The physiological roles of these

proteins, which have been named ataxins, are currently

under intense investigation. Recent research suggested that

the pathogenesis of each of the polyglutamine SCAs criti-

cally depends on the specific properties of the respective

proteins.

The neuropathology of the SCAs is diverse. Many forms

have widespread degeneration involving the cerebellum,

brain stem, spinal cord and parts of the basal ganglia. A

characteristic ultrastructural hallmark of the SCAs caused

by translated CAG repeat mutations is the occurrence of

neuronal intranuclear inclusions.
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The prevalence of the dominant ataxias is estimated

3.0:100 000 (van deWarrenburg et al., 2002). The majority

of SCAs, including the frequent types SCA1, SCA2 and

SCA3, have a complex clinical phenotpye characterized by

progressive ataxia in associationwith a variety of additional

extracerebellar symptoms, including pyramidal signs, dys-

phagia, ophthalmoplegia, dystonia, restless legs syndrome

and neuropathy. In a minority of SCAs, clinical presenta-

tion is almost pure cerebellar. Themost frequent type in this

category is SCA6. SCA7 is unique in that ataxia is associ-

atedwith progressive visual loss due to retinal degeneration

(Table 27.2).

The mean age of onset of SCA1, 2 and 3 is 30--40 years

with considerable variation between and within families.

SCA6 has a later disease onset with an average of 50 years

(Sch€ols et al., 1998). Most patients require a wheelchair at

about 15 years and die 20--25 years after disease onset

(Klockgether et al., 1998). The less common SCAs that are

causedbypointmutationsusuallytakeamorebenigncourse.

At present, there are no rational treatment approaches for

the SCAs. Accompanying symptoms, such as restless legs

syndrome are treated in the standard manner. In animal

models of SCA1, local application of specific RNAi that

knock down ataxin-1 expression, and lithium treatment

improved ataxia (Watase et al., 2007; Xia et al., 2004).

EPISODIC ATAXIAS (EAs)

EAs are rare autosomal dominant disorders characterized

by intermittent attacks of ataxia. To date, two different

genetic and clinical variants are known. Missense muta-

tions in a brain potassium channel gene, KCNA1 result in

EA1 (Browne et al., 1994). EA1 is characterized by brief

attacks of ataxia and dysarthria often provoked by move-

ments and startle, with onset in early childhood. EA1 is

associated with interictal myokymia, that is, twitching of

small muscles around the eyes or in the hands.

Truncating mutations of the CACNA1A gene encoding

the a1A voltage-dependent calcium channel sub-unit have

been found in families with EA2 (Ophoff et al., 1996). A

translated CAG repeat mutation of this gene is the cause of

SCA6. Compared with EA1, attacks in EA2 start later, last

longer and are precipitated by emotional stress and exer-

cise, but not by startle. Some individuals who may or may

not suffer from episodic ataxia have slowly progressive

ataxia and cerebellar atrophy.

Inbothdisordersacetazolamide isused topreventattacks.

The effect of acetazolamide is more reliable in EA2 than in

EA1. If treatment is necessary, patients are typically started

on a low dose (125mg per day), which is then gradually

increased (500--700mg per day) until a satisfactory sup-

pression of attacks is achieved (Griggs and Nutt, 1995).

Paraesthesias, which frequently occur under acetazolamide

may be reduced by oral potassium supplementation. Alter-

natively, 4-aminopyridine (15mg per day), carbamazepine

or phenytoin may be used (Strupp et al., 2004).

MULTIPLE SYSTEM ATROPHY (MSA)

MSA is a sporadic, adult-onset disease encompassing

the former disease categories striatonigral degeneration,

Table 27.2 Mutations and clinical phenotypes of the spinocerebellar ataxias (SCA) caused
by CAG repeat expansions.

Disorder Mutation Gene product Clinical phenotype

SCA1 Translated CAG repeat

expansion

Ataxin-1 Ataxia, pyramidal signs,

neuropathy, dysphagia,

restless legs syndrome

SCA2 Translated CAG repeat

expansion

Ataxin-2 Ataxia, slow saccades,

neuropathy, restless legs

syndrome

SCA3 (Machado--
Joseph disease)

Translated CAG repeat

expansion

Ataxin-3 Ataxia, pyramidal signs,

ophthalmoplegia,

neuropathy, dystonia,

restless legs syndrome

SCA6 Translated CAG repeat

expansion

Calcium channel subunit

(CACNA1A)

Almost pure cerebellar

ataxia

SCA7 Translated CAG repeat

expansion

Ataxin-7 Ataxia, ophthalmoplegia,

visual loss

SCA17 Translated CAG repeat

expansion

TATA binding

protein (TBP)

Ataxia, chorea, dystonia,

dementia
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sporadic olivopontocerebellar atrophy and Shy--Drager
syndrome.

The prevalence of MSA is 4.4:100 000 (Schrag, Ben

Shlomo and Quinn, 1999). Mean age at disease onset is 55

years. MSA takes an unrelentingly progressive course.

After a median latency of six years, MSA patients become

wheelchair-bound. The median life expectancy after dis-

ease onset is nine years (Klockgether et al., 1998). Clini-

cally, MSA patients present with various combinations of

parkinsonism, cerebellar ataxia and autonomic failure (or-

thostatic hypotension, urinary incontinence) (Gilman et al.,

1999).

The etiology of MSA is unknown. To date, no genetic or

environmental risk factors have been found. MSA brains

shown widespread degeneration encompassing the basal

ganglia, brainstem, cerebellum and intermediolateral cell

columns of the spinal cord. The ultrastructural hallmark of

MSA is the presence of ubiquitinated oligodendroglial

cytoplasmic inclusions containing a-synuclein.
There is no curative or preventive treatment for MSA.

Recent trials with minocycline and riluzole failed to dem-

onstrate a beneficial effect of these compounds on the

course of this disease. Parkinsonian symptoms respond to

dopaminergic medication, although the response is less

robust than in idiopathic Parkinson’s disease (Colosimo

et al., 1995). Autonomic symptoms are treated in the

standard manner. There is no effective symptomatic treat-

ment for ataxia.

SPORADIC ADULT-ONSET ATAXIA
OF UNKNOWN ORIGIN (SAOA)

Even with extensive work-up, the underlying cause cannot

be elucidated in many sporadic ataxia patients. It is as-

sumed that these patients suffer from a sporadic degenera-

tive cerebellar disorder, which has been tentatively denoted

as SAOA. SAOA is estimated to be twice as frequent as the

cerebellar type ofMSA (Abele et al., 2007). Age of onset is

around 47 years, and life expectancy is almost normal.Most

of the patients have isolated cerebellar atrophy with little or

no involvement of the brainstem.

In most patients of this group, cerebellar ataxia is the

prominent symptom.However, pyramidal signs and sensory

disturbances may occur. SAOA can be differentiated from

MSA by the lasting absence of severe autonomic failure.

There are no specific treatment approaches.

ALCOHOLIC CEREBELLAR
DEGENERATION

Alcoholic cerebellar degeneration is probably the most

common form of chronic cerebellar ataxia, although reli-

able estimates of prevalence are not available. Clinically,

ataxia due to alcoholism is characterized by ataxic gait and

stance without major involvement of the upper extremities.

Ataxia occurs sub-acutely in heavy drinkers, and may then

stabilize for years. Symptoms may progress particularly in

those who continue to drink. The pathological changes

consist of a loss of the Purkinje cell layer of the vermis and

the anterior parts of the cerebellar hemispheres.

It is not entirely clear whether alcoholic cerebellar

degeneration is due to nutritional deficiency of vitamin

B1 (thiamine), as inWernicke’s encephalopathy, or wheth-

er it is due to the toxic actions of alcohol or both (Butter-

worth, 1995). Strict abstinence improves ataxia, whereas

ataxia progresses in patients who continue to drink (Diener

et al., 1984). It is therefore essential that patients undergo an

alcoholism cure. In addition, vitamin B1 is supplemented.

Initially, 50mgaregiven intravenously and intramuscularly.

Intramuscular injections are repeated for several days

until supplementation is continued with an oral vitamin

B1 preparation. In addition to vitamin B1 a multivitamin

preparation is recommended.

ATAXIA DUE TO OTHER TOXIC REASONS

There are a number of compounds that may lead to cere-

bellar degeneration and persistent ataxia after chronic

intake. These compounds include phenytoin, anti-cancer

drugs (5-fluouracil, cytosine arabinoside), lithium salts and

solvents. Anti-convulsants other than phenytoin are gener-

ally considered safe although many of them cause revers-

ible ataxia at higher doses. In cases of toxic cerebellar

damage, further exposition to the toxic agent should be

stopped. In acute lithium intoxication, hemodialysis is the

treatment of choice.

ATAXIA CAUSED BY ACQUIRED
VITAMIN DEFICIENCY AND
METABOLIC DISORDERS

Vitamin B1

Wernicke’s encephalopathy is an acute or sub-acute en-

cephalopathy caused by deficiency of vitaminB1 (thiamine)

typically occurring in chronic alcoholics. Wernicke’s

encephalopathy may also result from excessive fasting,

repeated vomiting and prolonged parenteral nutrition

without adequate vitamin supplementation. In addition to

ataxia, the clinical syndrome includes eye muscle paresis,

peripheral neuropathy, seizures andmental confusion. If not

treated adequately, Wernicke’s encephalopathy may result

in a chronic amnesic state, Korsakov’s psychosis. There is

close relationship between Wernicke’s encephalopathy and

alcoholic cerebellar degeneration, since vitamin B1 plays a

prominent role in both disorders. Immediate parenteral

application of high doses of vitamin B1 is necessary.
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Initially, 50mgaregiven intravenouslyand intramuscularly.

Intramuscular injections are repeated for several days until

supplementation is continued with an oral vitamin B1

preparation. In addition to vitamin B1 a multi-vitamin

preparation is recommended.

Vitamin B12

Vitamin B12 deficiency leads to macrocytic anemia, poly-

neuropathy and sub-acute combined degeneration of the

spinal cord. Sensory ataxia is usually the prominent symp-

tom of vitamin B12 deficiency. The most frequent cause is

reduced absorption from lack of intrinsic factor due to

gastric disease.

Vitamin B12 (hydroxycobalamin) is given intramuscu-

larly at a dose of 1000mg per day until neurological

symptoms improve. Subsequently, the interval between

applications is expanded to 3--4 days for a year, followed

by life-long application of 1000mg per month. Since 1% of

orally given vitaminB12 is absorbed, even in the absence of

intrinsic factor, high-dose oral vitamin B12 supplementa-

tion (1000mg per day) is an alternative approach for

maintenance therapy after initial parenteral supplementa-

tion (Adachi et al., 2000). Serum levels of homocysteine

and methyl malonic acid are useful to monitor therapy.

Vitamin E

Acquired vitamin E deficiencymay occur as a consequence

of malabsorption in gastrointestinal diseases such as celiac

disease, cystic fibrosis, short-bowel syndrome, biliary atre-

sia and intrahepatic cholestasis. Patients present with ataxia

of gait and stance, dysarthria and sensory neuropathy, with

loss of tendon reflexes (Harding et al., 1982). To stop

further progression, intramuscular application of vitamin

E at a dose of 100--200mg per day should be initiated as

early as possible. Most patients are also deficient in other

vitamins which should be supplemented together with

vitamin E.

Hypothyroidism

Cerebellar ataxia is a rare neurological complication of

hypothyroidism. The pathogenesis of this syndrome is

unclear. Ataxia is completely relieved after adequate sub-

stitution of thyroid hormone.

PARANEOPLASTIC CEREBELLAR
DEGENERATION (PCD)

PCD is an immune-mediated sub-acute degeneration of the

cerebellar cortex that may occur in association with almost

every tumor. Most frequently, however, small-cell lung

cancer, cancer of the breast and ovary, and lymphoma are

involved. A rapidly evolving pancerebellar syndrome is the

typical clinicalmanifestation of PCD.However, ataxiamay

also be the presenting clinical feature in other paraneoplas-

tic syndromes, such as paraneoplastic encephalomyelitis/

sensory neuronopathy.

In many, but not all, patients with PCD, antibodies are

found in the serum and CSF that react with antigens

expressed by the nervous system and the tumor. These

antibodies do not cause cerebellar degeneration. Rather,

they are disease markers. Anti-Hu antibodies are found in

association with small-cell lung cancer, anti-Yo antibodies

mainly with ovarian cancer, anti-Tr with lymphoma and

anti-Ri antibodies with various malignancies (Shams’ili

et al., 2003).

Ataxia in PCD has a sub-acute onset and rapidly pro-

gresses to severe disability. In most cases, ataxia precedes

the detection of the underlying tumor. Ataxia involves

upper and lower extremities and is accompanied by dysar-

thria and variable degrees of dysphagia. The clinical syn-

drome is similar in all types of PCD with the exception of

PCD associated with anti-Ri antibodies. A highly charac-

teristic feature of this disorder is the presence of opsoclonus

leading to oscillopsia.

At disease onset, CT or MRI do not show major cerebel-

lar atrophy. However, cerebellar atrophy usually develops

in the further disease course. A suspected diagnosis of PCD

is confirmed by demonstration of specific antibodies.

However, absence of antibodies does not rule out a diag-

nosis of PCD. In cases with suspected or proven PCD, a

careful search for the underlying tumor is required. If this

search is negative it has to be repeated every six months for

three years.

Tumor treatment has been shown to be the only factor

predicting improvement or stabilization of ataxia (Candler

et al., 2004). In contrast, efficacy of immunosuppressive

treatment has been shown only in single cases (Paone and

Jeyasingham, 1980; David et al., 1996). This may be

because irreversible damage to the cerebellum occurs

rather quickly.

IMMUNE-MEDIATED ATAXIAS

Neurological disorders including ataxiamay occur in celiac

disease. Although known for years it has not been estab-

lished whether neurological manifestations are immune-

mediated or due to malnutrition. More recently, it was

claimed that ataxia may occur as a result of immune-

mediated damage to the cerebellum in patients with cryptic

gluten sensitivity and circulating anti-gliadin antibodies. It

has been proposed to label this disorder “gluten ataxia”

(Hadjivassiliou et al., 1998). However, anti-gliadin anti-

bodies are also frequently found in healthy controls and in

patients with inherited ataxias making it questionable that

they cause ataxia (Abele et al., 2003). There are some

uncontrolled reports of improvement on a gluten-free diet,
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but this has not been demonstrated in controlled trials.

Therefore, a gluten-free diet cannot be recommended for

patients with ataxia and anti-gliadin antibodies.

Very rarely, ataxia is part of a polyglandular endocrine

autoimmune syndrome in patients with circulating anti-

glutamic acid decarboxylase antibodies (Honnorat et al.,

2001). Ataxia may improve in response to application

of immunoglobulins or steroids (Abele et al., 1999;

Kim et al., 2006).
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Friedreich’s ataxia: Autosomal recessive disease caused by an
intronic GAA triplet repeat, expansion. Science (New York, NY),
271, 1423--1427.

Candler, P.M., Hart, P.E., Barnett, M., Weil, R. and Rees, J.H.
(2004) A follow up study of patients with paraneoplastic neu-
rological disease in the United Kingdom. Journal of Neurology,
Neurosurgery, and Psychiatry, 75, 1411--1415.

Colosimo, C., Albanese, A., Hughes, A.J., De Bruin, V.M.S. and
Lees, A.J. (1995) Some specific clinical features differentiate
multiple system atrophy (striatonigral variety) fromParkinson’s
disease. Archives of Neurology, 52, 294--298.

David, Y.B., Warner, E., Levitan, M., Sutton, D.M., Malkin, M.G.
andDalmau, J.O. (1996)Autoimmune paraneoplastic cerebellar
degeneration in ovarian carcinoma patients treated with plas-
mapheresis and immunoglobulin. A case report. Cancer, 78,
2153--2156.

Di Prospero, N.A., Baker, A., Jeffries, N. and Fischbeck, K.H.
(2007) Neurological effects of high-dose idebenone in patients
with Friedreich’s ataxia: a randomised, placbo-controlled trial.
Lancet neurology, 6, 878--886.

Diener, H.C., Dichgans, J., Bacher, M. and Guschlbauer, B. (1984)
Improvement of ataxia in alcoholic cerebellar atrophy through
alcohol abstinence. Journal of Neurology, 231, 258--262.

D€urr, A., Cossee, M., Agid, Y. et al. (1996) Clinical and genetic
abnormalities in patients with Friedreich’s ataxia. The New
England Journal of Medicine, 335, 1169--1175.

Engert, J.C., Berube, P., Mercier, J. et al. (2000) ARSACS, a
spastic ataxia common in northeastern Quebec, is caused by
mutations in a new gene encoding an 11.5-kb ORF. Nature
Genetics, 24, 120--125.

Gibberd, F.B., Billimoria, J.D., Goldman, J.M. et al. (1985) Here-
dopathia atactica polyneuritiformis: Refsum’s disease. Acta
Neurologica Scandinavica, 72, 1--17.

Gilman, S., Low, P.A., Quinn,N. et al. (1999)Consensus statement
on the diagnosis of multiple system atrophy. Journal of the
Neurological Sciences, 163, 94--98.

Grieco, G.S., Malandrini, A., Comanducci, G. et al. (2004) Novel
SACS mutations in autosomal recessive spastic ataxia of Char-
levoix-Saguenay type. Neurology, 62, 103--106.

Griggs, R.C. and Nutt, J.G. (1995) Episodic ataxias as channelo-
pathies. Annals of Neurology, 37, 285--287.

Hadjivassiliou, M., Grunewald, R.A., Chattopadhyay, A.K. et al.
(1998) Clinical, radiological, neurophysiological, and neuro-
pathological characteristics of gluten ataxia. Lancet, 352,
1582--1585.

Harari, D.,Gibberd, F.B.,Dick, J.P. andSidey,M.C. (1991) Plasma
exchange in the treatment of Refsum’s disease (heredopathia
atactica polyneuritiformis). Journal of Neurology, Neurosur-
gery, and Psychiatry, 54, 614--617.

Harding, A.E., Muller, D.P., Thomas, P.K. and Willison, H.J.
(1982) Spinocerebellar degeneration secondary to chronic in-
testinal malabsorption: a vitamin E deficiency syndrome. An-
nals of Neurology, 12, 419--424.

Hart, P.E., Lodi, R., Rajagopalan, B. et al. (2005) Antioxidant
treatment of patients with Friedreich ataxia: four-year follow-
up. Archives of Neurology, 62, 621--626.

Hausse, A.O., Aggoun, Y., Bonnet, D. et al. (2002) Idebenone and
reduced cardiac hypertrophy in Friedreich’s ataxia.Heart (Brit-
ish Cardiac Society), 87, 346--349.

Honnorat, J., Saiz, A., Giometto, B. et al. (2001) Cerebellar ataxia
with anti-glutamic acid decarboxylase antibodies: study of 14
patients. Archives of Neurology, 58, 225--230.

Jansen, G.A., Ofman, R., Ferdinandusse, S. et al. (1997) Refsum
disease is caused by mutations in the phytanoyl-CoA hydroxy-
lase gene. Nature Genetics, 17, 190--193.

Kim, J.Y., Chung, E.J., Kim, J.H., Jung,K.Y. andLee,W.Y. (2006)
Response to steroid treatment in anti-glutamic acid decarboxyl-
ase antibody-associated cerebellar ataxia, stiff person syndrome
and polyendocrinopathy.Movement Disorders, 21, 2263--2264.

Klockgether, T., L€udtke, R., Kramer, B. et al. (1998) The natural
history of degenerative ataxia: a retrospective study in 466
patients. Brain, 121, 589--600.

Kohlschuetter, A. (2000) Abetalipoproteinemia, in Handbook of
Ataxia Disorders (ed. T. Klockgether), M. Dekker, New York,
pp. 205--221.

Le Ber, I., Bouslam, N., Rivaud-Pechoux, S. et al. (2004) Fre-
quency and phenotypic spectrum of ataxia with oculomotor
apraxia 2: a clinical and genetic study in 18 patients. Brain, 127,
759--767.

Le Ber, I., Moreira, M.C., Rivaud-Pechoux, S. et al. (2003)
Cerebellar ataxia with oculomotor apraxia type 1: clinical and
genetic studies. Brain, 126, 2761--2772.

Le Ber, I., Dubourg, O., Benoist, J.F. et al. (2007) Muscle coen-
zyme Q10 deficiencies in ataxia with oculomotor apraxia 1.
Neurology, 68, 295--297.

414 ATAXIA AND DISORDERS OF GAIT AND BALANCE



Leitersdorf, E., Reshef, A., Meiner, V. et al. (1993) Frameshift
and splice-junction mutations in the sterol 27- hydroxylase
gene cause cerebrotendinous xanthomatosis in Jews or Mor-
occan origin. The Journal of Clinical Investigation, 91,
2488--2496.

Mariotti, C., Solari, A., Torta, D., Marano, L., Fiorentini, C. and Di
Donato, S. (2003) Idebenone treatment in Friedreich patients:
one-year-long randomized placebo-controlled trial. Neurology,
60, 1676--1679.

Martinello, F., Fardin, P., Ottina, M. et al. (1998) Supplemental
therapy in isolated vitamin E deficiency improves the peripheral
neuropathy and prevents the progression of ataxia. Journal of the
Neurological Sciences, 156, 177--179.

McGruder, J., Cors, D., Tiernan, A.M. and Tomlin, G. (2003)
Weightedwrist cuffs for tremor reduction during eating in adults
with static brain lesions. American Journal of Occupational
Therapy, 57, 507--516.

Moreira, M.C., Klur, S., Watanabe, M. et al. (2004) Senataxin, the
ortholog of a yeast RNA helicase, is mutant in ataxia-ocular
apraxia 2. Nature Genetics, 36, 225--227.

Ogawa, M. (2004) Pharmacological treatments of cerebellar atax-
ia. Cerebellum, 3, 107--111.

Ophoff, R.A., Terwindt, G.M., Vergouwe, M.N. et al. (1996)
Familial hemiplegic migraine and episodic ataxia type-2 are
caused by mutations in the Ca2þ channel gene CACNL1A4.
Cell, 87, 543--552.

Ouahchi, K., Arita, M., Kayden, H. et al. (1995) Ataxia with
isolated vitamin E deficiency is caused by mutations in the
a-tocopherol transfer protein. Nature Genetics, 9, 141--145.

Pandolfo, M. (2002) Iron metabolism and mitochondrial abnor-
malities in Friedreich ataxia. Blood Cells, Molecules & Dis-
eases, 29, 536--547.

Paone, J.F. and Jeyasingham, K. (1980) Remission of cerebellar
dysfunction after pneumonectomy for bronchogenic carcinoma.
The New England Journal of Medicine, 302, 156.

Perez-Avila, I., Fernandez-Vieitez, J.A., Martinez-Gongora, E.,
Ochoa-Mastrapa, R. and Velazquez-Manresa, M.G. (2004)
Effects of a physical training program on quantitative neurolog-
ical indices in mild stage type 2 spinocerebelar ataxia patients.
Revue Neurologique, 39, 907--910.

Peynet, J., Laurent, A., De Liege, P. et al. (1991) Cerebrotendinous
xanthomatosis: treatments with simvastatin, lovastatin, and
chenodeoxycholic acid in 3 siblings (see comments).Neurology,
41, 434--436.

Quinzii, C.M., Kattah, A.G., Naini, A. et al. (2005) Coenzyme Q
deficiency and cerebellar ataxia associated with an aprataxin
mutation. Neurology, 64, 539--541.

Ribai, P., Pousset, F., Tanguy, M.L. et al. (2007) Neurological,
cardiological, and oculomotor progression in 104 patients with
Friedreich ataxia during long-term follow-up. Archives of Neu-
rology, 64, 558--564.

Rustin, P., vonKleistRetzow, J.C., ChantrelGroussard, K., Sidi, D.,
Munnich, A. and Rotig, A. (1999) Effect of idebenone on

cardiomyopathy in Friedreich’s ataxia: a preliminary study.
Lancet, 354, 477--479.

Sandoval, C. and Swift, M. (1998) Treatment of lymphoid malig-
nancies in patients with ataxia-telangiectasia (see comments).
Medical and Pediatric Oncology, 31, 491--497.

Sano, Y., Date, H., Igarashi, S. et al. (2004) Aprataxin, the
causative protein for EAOH is a nuclear protein with a
potential role as a DNA repair protein. Annals of Neurology,
55, 241--249.

Savitsky, K., Bar-Shira, A., Gilad, S. et al. (1995) A single ataxia
telangiectasia gene with a product similar to PI- 3 kinase.
Science (New York, NY), 268, 1749--1753.

Sch€ols, L., Kr€uger, R., Amoiridis, G., Przuntek, H., Epplen, J.T.
andRiess,O. (1998) Spinocerebellar ataxia type 6: genotype and
phenotype in German kindreds. Journal of Neurology, Neuro-
surgery, and Psychiatry, 64, 67--73.

Schrag, A., Ben Shlomo, Y. and Quinn, N.P. (1999) Prevalence of
progressive supranuclear palsy and multiple system atrophy: a
cross-sectional study. Lancet, 354, 1771--1775.

Senderek, J., Krieger, M., Stendel, C. et al. (2005) Mutations in
SIL1 cause Marinesco-Sjogren syndrome, a cerebellar ataxia
with cataract and myopathy. Nature Genetics, 37, 1312--1314.

Shams’ili, S., Grefkens, J., de Leeuw, B. et al. (2003) Paraneo-
plastic cerebellar degeneration associated with antineuronal
antibodies: analysis of 50 patients. Brain, 126, 1409--1418.

Sharp, D., Blinderman, L., Combs, K.A. et al. (1993) Cloning and
gene defects in microsomal triglyceride transfer protein associ-
ated with abetalipoproteinaemia. Nature, 365, 65--69.

Strupp,M.,Kalla, R., Dichgans,M., Freilinger, T., Glasauer, S. and
Brandt, T. (2004) Treatment of episodic ataxia type 2 with the
potassium channel blocker 4-aminopyridine. Neurology, 62,
1623--1625.

Takashima, H., Boerkoel, C.F., John, J. et al. (2002) Mutation of
TDP1, encoding a topoisomerase I-dependent DNA damage
repair enzyme, in spinocerebellar ataxia with axonal neuropa-
thy. Nature Genetics, 32, 267--272.

Trouillas, P., Serratrice, G., Laplane, D. et al. (1995) Levorotatory
form of 5-hydroxytryptophan in Friedreich’s ataxia: Results of a
double-blind drug-placebo cooperative study. Archives of Neu-
rology, 52, 456--460.

van de Warrenburg, B.P., Sinke, R.J., Verschuuren-Bemelmans,
C.C. et al. (2002) Spinocerebellar ataxias in the Netherlands:
prevalence and age at onset variance analysis. Neurology, 58,
702--708.

Watase, K., Gatchel, J.R., Sun, Y. et al. (2007) Lithium therapy
improves neurological function and hippocampal dendritic ar-
borization in a spinocerebellar ataxia type 1mousemodel.PLoS
Medicine, 4, e182.

Xia, H., Mao, Q., Eliason, S.L. et al. (2004) RNAi suppresses
polyglutamine-induced neurodegeneration in a model of spino-
cerebellar ataxia. Nature Medicine, 10, 816--820.

Zoghbi, H.Y. and Orr, H.T. (2000) Glutamine repeats and neuro-
degeneration. Annual Review of Neuroscience, 23, 217--247.

41527: ATAXIA





28

Treatment of Gait and Balance Disorders
Bastiaan R. Bloem1, Alexander C. Geurts2, S. Hassin-Baer3 and Nir Giladi4

1 Department of Neurology and Parkinson Center Nijmegen (ParC), Donders Center for Neuroscience

Radboud University Nijmegen Medical Centre, Nijmegen, The Netherlands
2 Department of Rehabilitation, Radboud University Nijmegen Medical Centre, Nijmegen, The Netherlands

3 Movement Disorders Clinic, Department of Neurology, Sheba Medical Center,

Sackler School of Medicine, Tel-Aviv, Israel
4 Movement Disorders Unit, Department of Neurology, Tel-Aviv Sourasky Medical Centre, Sackler School of Medicine,

Tel-Aviv University, Tel-Aviv, Israel

INTRODUCTION

This chapter deals with the treatment of axial mobility

deficits: gait impairment, postural instability and falls.

Axial mobility deficits in patients with neurological dis-

eases are both common and devastating. The prevalence of

gait disorders increaseswith age.At the age of 60 years, gait

is abnormal in about 15% of people (Sudarsky, 2001), and

this increases to around 80% at the age of 85 years (Bloem

et al., 1992). These gait disorders can usually be ascribed to

underlying diseases of the nervous system or musculoskel-

etal system, even when gait impairment appears to be

present in isolation, without concurrent neurological signs

during routine neurological examination. The prevalence

of gait disorders is particularly high among neurological

patients, and this is true for disorders affecting the central

nervous system, the peripheral nervous system, or both.

Gait is often an early and sometimes even the presenting

sign, as is the case in, for example, patients with hereditary

degenerative ataxias. For other disorders, gait may initially

be unaffected, but becomes almost inevitably impairedwith

disease progression, as can be seen in patients with

Parkinson’s disease (PD).

Gait and balance disorders often have devastating con-

sequences (Table 28.1), the most significant being falls and

fall-related injuries. The risk of falls increases with aging:

about 30% of elderly subjects over 65 years of age fall at

least once a year, and about half of them even more than

once (Nevitt et al., 1989). Up to 25% of elderly fallers

sustain physical injuries that are severe enough to warrant

some sort of medical attention (Luukinen et al., 1995).

Injuries caused by accidental falls range from relatively

innocent bruises to major fractures of long pipe bones or

head trauma. Hip fractures are common and widely feared,

because secondary complications are frequent and because

the associated mortality rate is high. Another important

consequence is a reduced mobility, which leads to loss of

independence. This immobility is often compounded by a

fear of falling, which further limits patients in their move-

ments and thus affects the quality of life (Jorstad et al.,

2005). For some patients, this fear of falling is appropriate

because balance is severely disturbed, but for others the

degree of fear is disproportionate and leads to unnecessary

immobility, loss of independence or social isolation. Sec-

ondary immobility also promotes development of osteopo-

rosis, which in turn increases the risk of future fractures

following falls. Importantly, gait disturbances are also a

marker for future development of cardiovascular disease

and dementia (Bloem et al., 2000; Verghese et al., 2002;

Marquis et al., 2002). Up to 50% of elderly fallers are

unable to get up after a fall, not only due to injury, but more

commonly due to physical frailty and proximal muscle

weakness (Tinetti, Wen-Liang and Claus, 1993). Patients

who lie on the ground for a long time after a fall may

develop dehydration, pressure sores, rhabdomyolysis, hy-

pothermia or pneumonia, which eventually may cause

death. Falling and fall-related injuries are also a prominent

reason for nursing-home admission. Not surprisingly, qual-

ity of life among fallers is markedly impaired (Tinetti and

Williams, 1997). Finally, gait disorders are associated with

a reduced survival, due to a combination of fatal falls (e.g.,

an epidural haematoma following head trauma), reduced

cardiovascular fitness and death from underlying disease

(Wilson et al., 2002; Scarmeas et al., 2005). Falls also

represent a major health problem for the public health

system due to the immense costs associated with falls and

the resultant injuries.
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PATHOPHYSIOLOGY

The pathophysiology of axial mobility deficits is complex,

and a detailed discussion of themany contributing factors is

beyond the scope of this chapter. Note that gait disorders,

balance impairment and the resultant falls typically have a

multi-factorial pathophysiology, where multiple risk fac-

tors jointly contribute in each individual patient. The

clinical work-up should therefore not stop when a single

risk factor or contributing disease has been identified.

In order to plan an optimal treatment strategy, it is

essential to scrutinize four main components: “extrinsic”

factors (situated in the environment, such as poor lighting in

the house); “intrinsic” (patient-related) factors; compensa-

tory strategies and specific protective factors (Table 28.2).

Inappropriate footwear (high heels, slippery soles or

loosely fitting shoes) is an example of a common, but

frequently overlooked, extrinsic factor. Domestic hazards

are also important. For example, pets (dogs or cats) are

notorious sources of stumbling in the household (Pluijm

et al., 2006).

Intrinsic risk factors include, not only the presence of a

wide range of neurological disorders, but also the use of

drugs, alcohol or both. Medication is a prominent risk

factor for falls and hip fractures, due to a combination of

sedation, cognitive impairment, carotid sinus syndrome,

orthostatic hypotension, urinary incontinence, behavioral

abnormalities, extrapyramidal side effects, ataxia and mus-

cleweakness. Particularly notorious are benzodiazepines or

anti-depressants, recent initiation of new medication and

polypharmacy (if a patient daily takes at least one drugwith

an established risk of increasing falls) (Ensrud et al., 2002;

Ziere et al., 2006). Neuroleptics, anti-hypertensive medi-

cation and anti-arrhythmics also increase the risk of falls.

It is important to ascertain the patients’ abilities to adapt

to their deficits and the environment, for several reasons.

First, part of the signs observed in patients could reflect

compensatory adaptation that may help to reduce the risk of

falls. For example, gait slowing could be a sign of underly-

ing disease (e.g., bradykinesia in Parkinson patients), but

may also represent a purposeful strategy to reduce the risk

of tripping and falling. Such strategies should be stimulated

as part of the therapeutic approach. But other strategiesmay

bemaladaptive and should be discouraged. In this respect, it

is necessary to search for cognitive dysfunction, as thismay

impede the subject’s ability to adjust for their impairments.

The role of cognition becomes obvious when people per-

form multiple actions simultaneously, or need to quickly

shift attention from one task to another. To perform such

actions, cognitive abilities are needed to effectively moni-

tor the environment, choose flexible response patterns to

appearing threats and tomake appropriatemotor responses.

Frontal executive functions are particularly important for

maintaining walking stability (Hausdorff et al., 2005;

Springer et al., 2006). Falls are therefore common in

subjects with both motor deficits and concurrent cognitive

decline (Bloem et al., 2004a), perhaps because gait and

Table 28.2 The four main components of the
pathophysiology underlying gait impairment,
postural instability and falls.

Component Example of intervention

1. Extrinsic factors (situated in the environment)

* Poor lighting in the

house

Home visit by occupational

therapist

2. Intrinsic factors (related directly to the patient)

* Polypharmacy Reduce number of drugs

3. Compensatory strategies

* Beneficial, for

example, gait

slowing

Promote and incorporate into

therapeutic approach

* Maladaptive Discourage and train

alternative strategies

4. Protective factors (see also Table 28.4)

* Use of walking aids Choose proper device and

train its use

The list of items in each component is long, and this table merely
provides a few examples to illustrate how a systemic work-up can
lead to a multi-factorial therapeutic intervention.

Table 28.1 Negative consequences of gait and balance
disorders.

* Falls and near-falls
* Fall-related injuries
* Fear of falling
* Reduced mobility

TLoss of independence

T Social isolation

TOsteoporosis

* Inability to rise after a fall
* Impaired quality of life
* Nursing home admission
* Reduced survival

T Fatal falls

TReduced cardiovascular fitness

TDeath from underlying disease

* Financial burden for the public health system

Proper recognition of these aspects serves as a basis for
individualized treatment, tailored to specific problems in individ-
ual patients.
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balance are affected from both the cognitive and motor end

of the control spectrum. For example, compared to cogni-

tively normal elderly fallers, elderly patients with dementia

have a twofold higher rate of falls, sustain more fractures

and have a reduced life expectancy (Shaw and Kenny,

1998; Shaw, 2002). This may also explain why demented

patients are vulnerable to dual task performance while

walking or maintaining balance (Sheridan et al., 2003;

Camicioli et al., 1997). The range of “mixed” disorders is

broad: progressive supranuclear palsy, dementiawithLewy

bodies, normal pressure hydrocephalus, Huntington’s dis-

ease, to mention but a few. Even lesions in “subcortical”

structures, such as the cerebellum may lead to cognitive

impairment (Schmahmann and Sherman, 1998). Adverse

effects on cognition may also explain the high incidence of

falls and injuries in subjects taking psychoactive medica-

tion (Leipzig, Cumming and Tinetti, 1999). A specific

concern includes patients who----despite a sometimes severe

balance or gait deficit----are overly confident, causing a

degree of recklessness. Such “motor recklessness” can be

found in, for example, patients with progressive supra-

nuclear palsy and is associatedwith a high incidence of falls

and injuries, typically including fractures of long pipe

bones and head traumas (Bloem et al., 2004a). Note that

identifying cognitive impairment is important when plan-

ning therapeutic interventions, as the chances of successful

rehabilitation are less in patients with cognitive impairment

(Friedman, Baskett and Richmond, 1989; Oude Voshaar

et al., 2006).

ASSESSMENT OF GAIT AND BALANCE

Determining the optimal treatment strategy and evaluating

the outcome requires a careful clinical assessment. This is

not always straightforward in clinical practicewhere awide

variety of available tests are available. Test execution and

scoring is inconsistent across different physicians, and

essential clinimetric properties (such as sensitivity, speci-

ficity or responsiveness) are insufficiently known. For

example, all prospective, controlled, double-blind studies

which assessed gait disturbances in PD used the Unified

Parkinson’s Disease Rating Scale (UPDRS) as the outcome

measure. However, the gait sub-scale of theUPDRS, which

involves subjective report by the patient (Part 2) and

objective impression by the examiner (Part 3), has never

been validated for the independent assessment of gait.

Another example is ascertainment of falls, which is usually

done retrospectively (hence subject to recall problems) and

not based on prospectively completed diaries. As a result,

there are no good data about the effect of drugs on the risk of

falling.

A considerable problem is the assessment of patients

who suffer from “episodic” gait disturbances. These are

easilymissed in the office, but represent notorious causes of

falls, because the episodic nature makes it difficult for

patients to adapt their walking behavior (Snijders et al.,

2007). One striking example is freezing of gait (FOG) in

parkinsonian disorders, which is often suppressed by the

anxiety associated with a doctor’s visit. The only validated

tool to assess FOG is the FOG Questionnaire, which is

subjective and based on the patient’s perception (Giladi

et al., 2000). The questionnaire has been used in prospec-

tive, double-blind, placebo-controlled drug studies, where

FOG severity was the primary outcome (Gurevich et al.,

2007). An improved version is underway, featuring, among

others, a video with characteristic freezing episodes as a

tool to enhance the patient’s and their carer’s understanding

of what FOG really is (Nieuwboer et al., 2006). Another

semi-objective assessment of FOG severity is based on

video segments that can be assessed blindly by unbiased,

blinded observers (Schaafsma et al., 2003a). Such amethod

can effectively assess short-term interventions like the

effect of levodopa or apomorphine, but not a long-term

effect on daily activities or general mobility.

In clinical practice, it is best to use a battery of comple-

mentary tests, with emphasis on functional everyday tasks,

such as rising from a chair or turning while walking. Use of

validated rating scales such as the Berg Balance Scale or

Tinetti Mobility Index helps to systematically score several

relevant domains. A pragmatic gait classification system

has recently been proposed that can serve as a basis to plan

further tailored treatment (Snijders et al., 2007). Various

quantitative electrophysiological techniques are available

to study gait and balance in more detail. Commonly used

tools are ambulatory goniometers or accelerometers----to
quantify movement of the limbs or trunk (Allum and

Carpenter, 2005)----and shoes with pressure-sensitive in-

soles (Hausdorff, Rios and Edelberg, 2001; Plotnik

et al., 2005) or a carpet with pressure sensitive sensors

(Nelson et al., 2002)----to measure subtle changes in loco-

motion rhythmicity, variability or left--right synchroniza-
tion. It remains unclear whether the currently available

equipment can support clinical decision-making in individ-

ual patients. Possible exceptions include detailed EMG

studies in spastic or dystonic patients to fine-tune treat-

ments with, for example, botulinum toxin; and kinematic

gait analyses to assist rehabilitation specialists in choosing

specific segmental orthoses or adjusted footwear (Carlson

et al., 1997; Buurke et al., 2005; Minns, 2005; den Otter

et al., 2007).

GENERIC VS DISEASE-SPECIFIC
TREATMENT STRATEGIES

Treatment of axial mobility deficits consists of two com-

plementary approaches: generic strategies that are common

to all patients, irrespective of the underlying disorder
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(Table 28.3); and disease-specific interventions tailored to

the specific pathophysiology of the underlying condition.

The generic strategy typically includes a multi-disciplinary

and multi-factorial approach, often aimed at eliminating

generic risk factors (e.g., sedative medication or domestic

hazards) and providing support. Disease-specific strategies

usually include a combination of pharmacotherapy and

surgery, sometimes supported by specific physiotherapeu-

tic interventions (e.g., external cueing for gait disorders in

PD). Several disease-specific treatments have already been

covered in the preceding chapters. Here, we will highlight

some therapies that are specifically aimed at improving gait

or balance. This will be done for patients with parkinsonism

or spasticity. Note that this field is generally characterized

by a lack of good randomized, controlled trials, so the

emphasiswillmainly be placed on a pragmatic approach for

use in clinical practice.

GENERIC TREATMENT STRATEGIES

Prevention of Falls

Optimal prevention calls for a reliable strategy to identify

subjects at risk of falling, but this proves difficult, particu-

larly identifying potential fallers before they have sustained

their very first fall. The best predictor for falls appears to be

the presence of prior falls, which is somewhat unsatisfac-

tory, because subjects are already falling before prevention

is initiated. Asking about fear of falling may have some

potential as an early predictor of falling (Pickering et al.,

2007). The cumulative number of concurrent risk factors is

also important, preventive strategies being warranted in

persons who have two or more risk factors for falls (Nevitt

et al., 1989; Tinetti, 2003; Tinetti, Speechley and Ginter,

1988; Campbell, Borrie and Spears, 1989).

Prevention of falls and injuries can take place at three

different levels. Primary prevention focuses on elderly

people who have not yet fallen, and aims to eliminate risk

factors that are common in the elderly, such as osteoporosis

or use of psychoactive drugs. Tackling risk factors that are

only weakly associated with falls may still be rewarding if

they are sufficiently prevalent in the general population.

Patients may have to be actively recruited for such a fall-

prevention program, as a recent study showed that PD

patients in the United States adhered poorly to an annual

fall-prevention program (Swarztrauber, Graf and Cheng,

2006). Secondary prevention focuses on elderly patients

who have fallen at least once and aims to avoid recurrent

falls. Here, the emphasis is on treatment of specific under-

lying disorders and eliminating intrinsic or extrinsic risk

factors that are strongly associated with falls (Tinetti, 2003;

Boers et al., 2001; Kannus et al., 2005). The proposed

interventions should be practical and easy to implement,

and this calls for optimal co-operation with the patient and

Table 28.3 Summary of generic treatment strategies
for gait, balance and falls.

* Optimize medication

TWithdraw drugs

& Psychoactive drugs (mainly benzodiazepines and

anti- depressants)

& Cardiovascular drugs

& Avoid polypharmacy

& Avoid daily alcohol use

T Specific treatments

& Analgesics (for antalgic gait)

& Anxiolytics (for excessive fear)

& Others (see specific chapters)

T Secondary prevention (cardiovascular prophylaxis)

& Anti-hypertensive

& Anti-platelet agents

* Physiotherapy

TGait or balance training

TExtrapolation to demanding (complex) conditions

TExercise therapy

TBalance confidence training (but no proven efficacy to

date)

TTraining use of walking aids

* Occupational therapy

T Integrating acquired basic skills into relevant personal

activities

TAdvice with regard to transport

TBehavioral adaptations (at home, or at work)

TEliminating domestic hazards for fallsa

T Installing handrails (e.g., in toilet or bathroom)

* Treadmill training

T Independent walking

TWith body weight support

TWith robotic support

* Technical aids

TOrthoses

& Ankle-foot orthosis

& knee-ankle-foot orthosis

T Functional electric stimulation

T Proper (orthopedic) footwear

* Virtual reality training
* Mental imagery training

These strategies can be applied to all patients, irrespective of the
specific underlying disorder.
a Only effective when delivered as part of a multi-factorial
intervention.
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family, who should receive both verbal and written infor-

mation on the preventive measures. Tertiary prevention

concerns measures that benefit elderly patients who fre-

quently fall, who have sustained recurrent injuries and have

risk factors for falls that are only just amenable to secondary

prevention. This includes frail elderly patients in nursing

homes, those with dementia and patients with severe

sensorimotor disabilities.

Details of specific interventions will be described

below. Note that we will restrict ourselves to falls without

preceding loss of consciousness, because falls caused by

syncope represent a completely different category, with its

own specific treatment (Bloem et al., 2004b; Voermans

et al., 2007).

Drugs

The best intervention is usually to withdraw medication,

particularly psychoactive drugs (mainly benzodiazepines

and anti-depressants) or cardiovascular drugs, and to avoid

polypharmacy. For example, in patients with PD who

already have a considerably increased risk of falling, use

of psychotropic drugs must be avoided because this further

increases the risk of falls by about fivefold (Bloem et al.,

2001). The pharmacist can play an active role in preventing

falls. A recent randomized, controlled trial showed that

when a pharmacist reduced the number of drugs in elderly

care home residents, the number of falls was reduced by

40% (Keller and Slattum, 2003). Another “drug” that

should be targeted is alcohol, because daily alcohol in-

creases the falling risk (Gray and Hildebrand, 2000).

Depending on the underlying gait disorder, specific

drugs may be beneficial, sometimes with dramatic im-

provements of gait. For example, analgesics can improve

antalgic gait, while anxiolytics can be used judiciously in

patients with excessive fear. Disease-specific drug treat-

ments can be found in the preceding chapters, such as the

use of anti-cholinergics or botulinum toxin injections for

the treatment of dystonia.

Secondary prevention of gait disorders includes evalua-

tion of cardiovascular risk factors, especially for patients

with spastic gait after stroke, hypokinetic-rigid gait due to

vascular disease and cautious gait. For example, patients

with treated hypertension have less white matter lesions

than untreated patients (de Leeuw et al., 2002). Prophylac-

tic treatment with anti-platelet agents should be considered

in gait disorders based on hypoxic-ischemic disease. How-

ever, the efficacy and cost-efficiency of these interventions

have not been demonstrated in elderly patients.

Surgery

There are no generic surgical treatments for gait, butwewill

discuss three examples where surgery can be considered for

specific gait disorders that are not discussed elsewhere in

this chapter. The relatively high operation risks must

always be weighed against the expected benefits, certainly

in elderly patients. For mild to moderate cervical spondy-

lotic myelopathy, decompressive surgery is no better than

conservative treatment (Kadanka et al., 2000; Fouyas,

Statham and Sandercock, 2002). Recent findings suggest

that dystonic gait can respond to bilateral stimulation of the

internal globus pallidus, sometimes producing a spectacu-

lar improvement (Krack and Vercueil, 2001), but well-

controlled studies are needed to further delineate the merits

of this intervention. Finally, for patients with normal

pressure hydrocephalus, most clinicians would currently

exclude patients with prominent white matter lesions from

ventricular shunting. Although some patients improve

dramatically after ventricular shunt placement, the most

difficult aspect is to select those patients who will benefit

most. Several predictors have been proposed, ranging from

a diagnostic lumbar puncture (tapping cerebrospinal fluid

to evaluate the effect of lowering pressure) to magnetic

resonance spectroscopy of N-acetyl aspartate (Shiino et al.,

2004; Relkin et al., 2005). No single test has adequate

predictive ability, although ancillary testing can increase

the predictive accuracy for prognosis to greater than 90%

(Marmarou et al., 2005). Measuring the success of treat-

ment is hampered by the lack of a standard for outcome

assessment of shunt treatment (Klinge et al., 2005). Im-

provements are usually temporary, lasting, at best, several

years. Cognitive problems tend to be refractory to treatment

(Bloem et al., 2005), hence patients with severe cognitive

decline are usually excluded from surgery.

Physiotherapy

Several neurologically oriented trainingmethods have been

advocated based on theoretical grounds, but the literature

has failed to show the superiority of any one particular

method over another (Pollock et al., 2007; van Peppen

et al., 2007). In fact, it appears that many different methods

are potentially effective, as long as they comply with

several generic training and learning principles. Thus,

studies that addressed the effectiveness of physiotherapy

in different central neurological diseases have consistently

yielded two important prerequisites for efficacy, irrespec-

tive of the stage of rehabilitation.

First, training effects greatly depend on the intensity,

both in terms of frequency and duration (van Peppen et al.,

2007; Kwakkel, 2006). Second, the effects of training are

highly task-specific (van Peppen et al., 2007; French et al.,

2007; Macko, Ivey and Forrester, 2005), which implies that

physiotherapy should be targeted at individually relevant

activities in a meaningful environment. Task-specificity is

consistentwith the principle of “ecological validity,”which

is well known from theories of motor learning (Mulder and
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Hochstenbach, 2001). Based on these theories, balance and

gait training should also adhere to another principle, na-

mely that it should incorporate sufficient “variability of

practice.” Because daily life activities are never performed

in exactly the same way and under the same environmental

circumstances, relevant activities should be pursued under

various mechanical, visual and cognitive constraints. In

other words, it is not sufficient to regain normal level

walking skills under optimal conditions. Instead, standing

and walking should also be trained under demanding

complex conditions, such as reduced vision, while perform-

ing a secondary task, while negotiating obstacles or when

exposed to a slippery surface (Mulder and Geurts, 1993).

The emphasis should thus be placed on mastering indepen-

dent and safe practical ambulation skills with sufficient

speed and endurance, if necessary with the assistance of

technical aids (Barbeau et al., 1998), allowing subjects to

regain the more complex skills necessary to meet the

demands of daily life. These principles of ecological va-

lidity and variability of practice are relevant for the training

of complex balance and gait skills, as well as for the

prevention of falls, as was demonstrated in a recent trial

(Weerdesteyn et al., 2006).

Exercise therapy is a key element in the rehabilitation of

balance and gait in patients with central neurological

disorders. Exercise focuses primarily on improving muscle

force, coordination and endurance to restore basic balance

and gait skills, within biological limits. For example,

augmented exercise therapy has a favorable effect on gait

speed and activities of daily living in stroke patients

(Kwakkel et al., 2004). Exercise also helps to counter the

many risks that are associated with sedentary lifestyle. A

scientific statement of the American Heart Association

underscored that a sedentary lifestyle is one of the leading

preventable causes of death, and that an inverse linear

relationship exists between volume of physical activity

and all-cause mortality (Marcus et al., 2006). Participation

in regular physical activity is highly desirable, as a tool to

prevent complications of immobility (decreased risk of

cardiovascular disease, type 2 diabetes mellitus, osteopo-

rosis, depression, obesity, breast cancer and colon cancer)

and mortality (Hakim et al., 1998; Manson et al., 2002;

Marcus et al., 2006; Bloem, van Vugt and Beckley, 2001).

Moreover, physical activity can positively influence sleep

disturbances and constipation, and postpone or reduce

depression (Dunn et al., 2005; Regan et al., 2005). Impor-

tantly, even moderate exercise can slow cognitive decline

(van Gelder et al., 2004; Yaffe et al., 2001) and postpone

dementia (Larson et al., 2006; Laurin et al., 2001), but there

is a dose--response relationship: people who walk longer

distances have a greater protective effect on cognitive

decline (Weuve et al., 2004; Abbott et al., 2004). Interest-

ingly, animal studies suggest that physical activity might

slow down disease progression in disorders such as PD

(Tillerson et al., 2003; Steiner et al., 2006), but whether

such disease-modifying effects can be extended to humans

remains to be determined.

Finally, it is felt that physiotherapists could deliver

balance confidence training and thereby reduce the fear

of falling (Tennstedt et al., 1998; Hauer et al., 2001). Fear

of falling can be substantial in patients with severe balance

impairment, and the resultant restriction of mobility is

sometimes beneficial as it can serve as an adequate tertiary

preventivemeasure. However, formany patients, the fear is

disproportional to the actual degree of balance impairment

and risk of falls. Reduction of fear and regaining confidence

is important for these persons, as it helps restore mobility

and promotes independence. Group treatment using a

behavioral-cognitive approach aimed to change attitudes

aswell as trainingwith a physical therapist might be helpful

(Rucker et al., 2006). However, these effects diminish as

patients become more frail (Faber et al., 2006). Moreover,

two recent studies failed to show a beneficial effect of post-

fall counseling (Rucker et al., 2006) or exercise (Arai et al.,

2007) on fear and balance confidence, perhaps because

participants were not fearful enough at baseline.

Occupational Therapy

Occupational therapists (OTs) often operate in concert with

physiotherapists to achieve similar goals, albeit through

different means. The OT can help the patient to integrate

acquired basic skills into relevant personal activities that

require “parallel” information processing, for example, by

proposing and training feasible action plans. OTs can also

advise the patient with regard to transport or domestic and

occupational behavioral adaptations, to prevent secondary

complications such as falls.

Asking the OT to eliminate domestic hazards is theoreti-

cally attractive because most falls occur indoors. For

example, proper lighting should be installed for people

who frequently fall during night-time visits to the toilet. A

potty chair next to the bed or a condom catheter in men

obviates the need for a risky nightly travel to the toilet.

Home visits seemed effective when delivered as part of a

multi-factorial intervention to those with an increased risk

of falls (Gillespie et al., 2004). Individual patients with

obvious extrinsic falls are most likely to benefit. However,

this strategy proved ineffective when delivered in isolation

(van Haastregt et al., 2000a, 2000b; Day et al., 2002;

Stevens et al., 2001), presumably because only a minority

of falls can be ascribed solely to environmental factors.

Another explanation is that even intensive programs deliv-

ered by dedicated health professionals achieve onlymodest

reductions in the prevalence of targeted hazards (Day et al.,

2002; Stevens et al., 2001). Compliance of elderly persons

is often disappointing, simply becausemany refuse to adapt

their homes. Therefore, patients need to agree to any
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proposed preventive measure (Cumming et al., 2001).

Another aspect is that home visits are generally costly and

time consuming (Robertson et al., 2001).

Treadmill Training

Treadmill training is an effective means to intensify gait

rehabilitation. Patients with independent-level walking

skills may profit from treadmill training by increasing their

walking speed and walking distance (or endurance). For

example, treadmill training results in reduction of falls and

improvement of gait in patients with PD (Protas et al.,

2005). A drawback of treadmill training is its limited

ecological validity and the fact that it allows almost no

variability of practice. As such, it cannot replace dynamic

balance and gait exercises under real-life circumstances.

However, treadmill walking creates two important training

possibilities for patients with poor balance and gait skills.

First, it permits application of body weight support

(BWS) during gait training in patients with insufficient

weight-bearing capacity or poor dynamic balance. Patients

can be supported by a parachute harness attached to the

ceiling with a spring, which can give way in the direction of

walking. BWS can range from 0 to 30--40% (Hesse et al.,

2001). During walking, one or two physiotherapists can

facilitate movements of the legs, depending on the level

of voluntary control and muscle tone. Gradually, in the

course of rehabilitation, the amount of manual assistance

is decreased, as is the amount of BWS, in order to

achieve independent walking. Although the advantage of

body-weight supported treadmill training has not been

unambiguously demonstrated (Moseley et al., 2005), clin-

ical experience suggests that it may constitute a pivoting

point in the rehabilitation of patients that are not able to

walk without BWS.

Second, treadmill training can be combined with a gait

robot that imposes external forces on the body to support

rhythmic leg movements (Figure 28.1). Using such robots,

the intensity of (body-weight supported) treadmill training

can easily be enhanced, because the strenuous manual

facilitation by therapists is no longer necessary (Mayr

et al., 2007). More importantly, modern robots that are

currently being developed can sense forces generated by

the subject and adjust their imposed movements accord-

ingly (Veneman et al., 2007). Gait training can thus be

programmed towards specific body segments, depending

on the stage of rehabilitation (e.g., initially at hip move-

ments, whereas knee and ankle movements are targeted in

a later phase). A recent Cochrane Review concluded that

stroke patients who receive electromechanical-assisted

gait training in combination with physiotherapy are more

likely to achieve independent walking than patients re-

ceiving gait training without these devices (Mehrholz

et al., 2007).

Walking Aids

Evaluating the use of walking aids deserves specific atten-

tion. Many elderly patients do not use walking aids, either

because they are not recommended to do so, or because they

are too ashamed to revert to walking aids. However, if

patients are instructed accurately, they are often pleased

with their regained confidence,mobility and independence.

Walking aids should always be prescribed with caution,

because they never provide sufficient compensation for

involuntary motions or recklessness, for example, in pa-

tients suffering from festination, impulsive behavior, or

situational misjudgments. Indeed, incorrect use of walking

aids can increase the risk of falling (Bateni and Maki,

2005).

A cane or quad cane is the simplest walking aid for

patients with dynamic balance problems in the frontal

plane. When normal weight-shifting strategies can no

longer be applied safely, loss of lateral balance and subse-

quent lateral falls can be prevented using a cane on the

ipsilateral side. When balance problems are predominantly

present in the sagittal plane, a walker is the first-choice

Figure 28.1 Recently developed gait robots, such as the

LOwer extremity Powered ExoSkeleton (LOPES), sense

the forces generated by the subject and adjust their imposed

forces accordingly. In this way, training programs can be

administered taking optimal account of the individual

functional capacities of the subject. Figure provided cour-

tesy of G. van Ouwerkerk (CTW, University of Twente)

and the manufacturers (Dept. of Biomechanical Engineer-

ing, Faculty of Engineering Technology, University of

Twente, The Netherlands)

42328: TREATMENT OF GAIT AND BALANCE DISORDERS



option. Sufficient bilateral dexterity is, however, necessary

to adequately utilize a walker, although individual adapta-

tions for one-handed patients are possible.

Other Technical Aids

Many patients with central neurological disease eventually

develop persistent instability of the hip, knee or ankle,

limiting their capacity to walk safely. For these patients,

technical aids can make a difference between dependency

and independency, in particular with regard to outdoor

ambulation. Insufficient foot elevation (“foot drop”) is

often associated with loss of active foot eversion and is

the most common abnormality observed in patients with

hemiparesis, for example due to stroke (Perry, Waters and

Perrin, 1978). However, foot drop is also frequently ob-

served in patients with PD or dystonia of the lower leg, and

of course in patients with peroneal neuropathy or L4-5

radiculopathy. In patients with foot drop due to central

neurological disease, weakness of ankle dorsiflexion and

eversion often coincides with a tendency towards pes

equinovarus due to increased muscle tone and decreased

muscle length of the ankle plantarflexors and invertors

(Perry, Waters and Perrin, 1978; Mauritz, 2002). As a

result, foot support and ankle stability are compromised

during the stance phase of gait, while foot drop during the

swing phase imposes an increased risk of tripping. To

compensate for these deficiencies, an ankle-foot orthosis

(AFO) can be prescribed (Figure 28.2). Generally, two

types of AFO are available: (i) those that can be worn in

a normal shoe, which are commonly made of polypropyl-

ene or carbon and are non-articulated; and (ii) hinged,metal

AFOs that are permanently attached to the outside of the

shoe and consist of one or two metal bars with an articula-

tion at ankle level. In patients with structural ankle-foot

deformities or with spastic dystonia about the ankle joint, a

high orthopedic shoe with an integrated ankle-foot socket

may be preferred.

Rarely, a knee-ankle-foot orthosis (KAFO) is required,

for example in patients with insufficient quadriceps

strength during loading, or in patients with a symptomatic

knee hyperextension thrust during the stance phase

(Kakurai and Akai, 1996). In such cases, a lightweight

KAFO can be prescribed, preferably with an automatic

knee lock during late swing/initial contact and a release

during pre-swing. Hip instability is usually due to weak hip

abductors and rather common in patients with hemiparesis.

It is reflected in the frontal plane and can be compensated

using a cane at the non-paretic side. By taking weight onto

the cane with the non-paretic arm during weight bearing on

the paretic leg, pelvic drop and compensatory trunk latero-

flexion can be prevented.

In selected patients, motor deficits may be overcome by

functional electrical stimulation (FES). Although many

Figure 28.2 Three types of ankle-foot orthosis (AFO): on the left side a polypropylene, non-articulated AFO inserted in a

normal shoe, in the middle an ankle-foot socket integrated in an orthopedic (made-to-measure) shoe, and on the right side a

metal (double-bar), articulated AFO attached to the outsole of a normal shoe. Figures provided courtesy of OIMOrthopedics,

The Netherlands.
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types of FES have been advocated for patients with a

variety of central neurological disorders (Stein, 1999;

Sweeney, Lyons and Veltink, 2000; Kottink et al.,

2004), clinical application remains limited due to practical

and technical problems. The type of FES for which most

problems have been solved is currently undergoing revival,

that is, stimulationof the (common)peronealnerve triggered

by heel rise and heel strike during walking (Figure 28.3).

Recently, both external and implantable wireless systems

for peroneal FES have yielded promising functional results

(Kottink et al., 2007; Burridge et al., 2007; Sheffler et al.,

2006). Clinical experience shows that peroneal FESnot only

causesfootelevation,butalsofacilitatesthewholemovement

of the swing leg in patients with moderate degrees of “stiff

knee gait,” thus improving step adjustments and obstacle

avoidance(Dalyetal.,2006).Inaddition,comparedtoAFOs,

peroneal FES allows better execution of ankle strategies

during the stance phase of gait, thereby permitting more

normal dynamic balance reactions. Although primarily

developed for patients with stroke, peroneal FES is likely

also effective for other well-selected patients with disorders

such as multiple sclerosis or partial spinal cord lesions.

Other advice relates to footwear. Proper ready-made

footwear with sturdy soles can be recommended to reduce

the number of falls. In addition, slightly raised heels may

help to reduce retropulsion. For patients with foot defor-

mities or a tendency towards varus or valgus deviation or

instability at the ankle, custom-made orthopedic footwear

should be recommended for recreating an adequate base of

support and for providing sufficient ankle stability. When

doing so, it is important that useful ankle mobility is

preserved as much as possible in order to allow ankle

strategies and foot roll-off while standing and walking.

Other Rehabilitation Techniques

Virtual reality (VR) is a promising, computer-assisted

method in rehabilitation to improve motor function (You

et al., 2005). In general, subjectswith locomotor disabilities

appear capable of motor learning in VR environments with

reasonable transfer of learned capabilities to real-world

equivalent motor tasks (Holden, 2005). Recent functional

MRI findings suggest that VR can induce cortical reorga-

nization from aberrant ipsilateral to contralateral activation

of the supplementary motor cortex in chronic stroke pa-

tients. This enhanced cortical reorganization might play an

important role in the recovery of locomotor function in

these patients (You et al., 2005).

An encouraging newmethod in neurorehabilitation is the

use of mental imagery (MI) (Jackson et al., 2001; Mulder,

2007). Recent studies indicate that MI may promote the

relearning of both trained and untrained daily life tasks in

stroke patients (Daly et al., 2006; de andMulder, 2007; Liu

et al., 2004; Krakauer, 2006). For locomotor training after

stroke, promising case studies have been reported (Dunsky

et al., 2006). In addition, a randomized, controlled trial has

shown that mirror therapy combined with conventional

stroke rehabilitation may enhance lower-extremity motor

recovery in sub-acute stroke patients (Sutbeyaz et al.,

2007). Overall, evidence for the efficacy of both VR and

MI on walking ability in stroke patients has yet to be

strengthened.

Protective Measures

When gait and balance problems become difficult to treat

and falls can no longer be prevented, the priority shifts

towards prevention of secondary consequences, such as

avoiding injuries. Several protectivemeasures are available

(Table 28.4). Wearing special hip protectors sewn into

undergarments were initially thought to reduce hip frac-

tures (Kannus et al., 2000), but recent work suggests that

currently used designs are not very effective, even among

patients with good compliance (which is in itself often

problematic and further reduces the clinical utility of

hip protectors) (Kiel et al., 2007). Other patient-worn

protective devices include wrist protectors or helmets. An

alternative for indoor falls is the use of shock-absorbing

floors, and the use of handrails in toilets and bathrooms.

Patients must be asked about their self-confidence in

performing everyday activities. Excessive fear leads to

unnecessary immobilization, but patients who are overly

confident (possibly due to co-existent cognitive deficits)

are at risk of falls due to hazardous behavior. In the latter

group, the benefit of restricting the patient’s activities

(which may help to reduce falls) must be weighed against

the loss of mobility and independence. In nursing homes,

restriction of unsupervised activities should not be routine-

ly prescribed, but must be restricted as a last resort treat-

ment in patients with severe cognitive impairment, extreme

recklessness or frequent wandering due to disorders such as

progressive supranuclear palsy or Alzheimer’s disease

(Bloem et al., 2005; Capezuti et al., 1996; Buchner and

Larson, 1987; Sullivan-Marx et al., 1999).

Osteoporosis is a risk factor for fractures, and can be

treated in various ways (Sato et al., 1999). Promoting

physical activity has a beneficial effect on bone mineral

density and reduces the risk of hip fractures (GrahnKronhed

et al., 2006). Use of the pro-vitamin 1a-hydroxyvitaminD3,

calcium supplementation, risedronate and alendronate/

raloxifene arrests progression of osteoporosis and reduces

hip fractures (Close, Neuprez and Reginster, 2006; Sato,

Honda and Iwamoto, 2007).

Multi-disciplinary Rehabilitation

Optimal rehabilitation of axial mobility deficits is really a

multi-disciplinary concern, andmulti-faceted interventions
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Figure 28.3 Three commercially available systems for functional electrical stimulation (FES) of the peroneal nerve: (a) The

L300 system (TMbyNess) provides external stimulation of the common peroneal nerve and the anterior tibial muscle through

two skin electrodes; (b) The ActiGait system (TM by Otto Bock) provides direct stimulation of the common peroneal nerve

through a four-channel cuff electrode; (c) The StimuStep system (TM by Finetech-Medical) stimulates the superficial and

deep peroneal nerves separately, through two epineural electrodes. Each system has its specific characteristics and

(dis) advantages that need to be further elucidated through clinical trials and long-term follow-up studies.



are more effective than single therapeutic measures

(Tinetti, 2003; American Geriatrics Society, 2001). Even

patients with cognitive impairment can benefit, but injuries

are more difficult to prevent than falls themselves (Oliver

et al., 2007). The overall goal is to extend elementary

balance and gait training to rehabilitation of complex

activities of daily living, for example related to self-care,

household activities or going outdoors. The multi-

disciplinary team should include medical specialists

(a neurologist, a rehabilitation specialist, and----for older

people with complex co-morbidity----a geriatrician), a phys-
iotherapist, an occupational therapist and a specialized

nurse. The physician is the primarily responsible for con-

sidering pharmacological or surgical interventions. During

admission to a rehabilitation clinic, the rehabilitation nurse

provides 24-hour supervision and care, and assists in the

training of basic self-care activities. The neuropsychologist

may assist the team in finding adequate cognitive strategies

for improving ambulatory abilities in terms of action

plans and executive functions, or with regard to facilitating

techniques such as mental imagery. In addition, the neuro-

psychologist can provide diagnostic information concern-

ing cognitive and behavioral deficits.

DISEASE-SPECIFIC TREATMENT
STRATEGIES

Parkinson’s Disease

Treating gait and balance in PD has two main objectives:

(i) to improve mobility, gait speed and independency; and

(ii) to reduce postural instability and decrease the risk of

falling. These two treatment goals are interconnected and

will therefore be discussed together, even though some

drugs might have a more specific effect on postural

control and others on locomotion. A further reason for

lumping both treatment goals is the lack of detailed

research that has specifically examined how drugs influ-

ence locomotion or postural responses.

Pathophysiology and Classification of Parkinsonian
Gait and Balance Disorders

Treatment should be tailored to the pathophysiology of

parkinsonian gait and balance disorders. Comprehensive

reviews have been published (Bloem et al., 2004c; Morris,

2000;Nutt, Hammerstad andGancher, 1992;Giladi, Bloem

and Hausdorff, 2007), and we will only highlight several

key aspects here. Many factors play a role in the develop-

ment and worsening of gait and balance disturbances in

parkinsonism (Table 28.5). When examining a patient, the

neurologist would mark the most significant gait distur-

bance and aim to treat this problem specifically. For

example, a different approach should be taken to improve

gait problems associated with fear, cognitive decline, mis-

judgment, dysexecutive syndrome, distractibility or diffi-

culties with dual tasking. Also, beneficial effects on one

domain of gait or balance may be countered by adverse

effects in other domains. For example, treating bradykine-

sia and rigidity with levodopa might have also disadvan-

tages due to cognitive or autonomic side effects.

Of particular importance is the relation to the underlying

patterns of neurodegeneration and the resultant neurochem-

ical changes. Three main groups of symptoms can be

identified (Figure 28.4). First, gait impairment and postural

instability may partially reflect the progressive loss of

dopamine-producing cells in the substantia nigra. One

compelling argument to support this is the fact that

patients with “selective” hypodopaminergic syndromes

such as MPTP-induced parkinsonism can present with gait

and balance abnormalities that are all characteristic for

PD (Bloem and Roos, 1995). Second, non-dopaminergic

lesions are likely to play a role in the pathophysiology, and

Table 28.4 Tertiary measures to prevent the
complications of falls.

Consequence of falls Potential intervention

Hip fractures * Protective hip padsa

* Shock-absorbent carpets

Other injuries * Wrist pads
* Protective helmets

Osteoporosis * Promoting physical

activity
* Drug treatment (1a-
hydrosyvitamin D3,

calcium suppletion,

risedronate, alendronate/

raloxifene)

Immobility/reduced

fitness

* Promote physical

exercise
* Physiotherapy

Inability to stand up

after falling

* Electronic warning system

around the neck or wrist

Disproportional fear

of falling

* Group treatment using

behavioral-cognitive

therapyb

* Physiotherapy to regain

confidence

Recklessness in

cognitively impaired

patients

* Restrain activities if

untreatable dangerous

behavior

a Not very effective, according to latest evidence.
b No beneficial effect shown in recent trials, at least not among
patients with low baseline levels of fear.
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this is particularly true for postural instability and falls

(Bonnet et al., 1987; Koller et al., 1989; Bloem et al., 1996;

Klawans, 1986). Indeed, both postural instability and non-

dopaminergic lesions emerge (and thus coincide) in ad-

vanced PD. Furthermore, dynamic posturography studies

suggest that several balance problems (mainly the reactive

automatic postural responses) in PD are not primarily

dopamine-dependent (Bloem et al., 1996; Dietz, Berger

andHorstmann, 1988; Horak, Frank andNutt, 1996; Bloem

et al., 1994). In advanced stages of the disease, severe gait

impairment and dopamine-resistant freezing of gait may be

related to neurodegeneration within the pedunculopontine

nucleus in the dorsal brain stem (Jellinger, 1991; Pahapill

and Lozano, 2000; Zweig et al., 1989), where step initiation

and step maintenance are normally governed. Therefore,

pharmacotherapy of gait and balance problems should

ideally aim at correction of both dopaminergic and non-

dopaminergic deficits. Third, some of the gait and balance

problems in PD may in fact be caused by dopaminergic

treatment. Adverse drug effects include freezing of gait

during the ON state, dyskinesias or orthostatic hypotension

(Bloem, van Vugt and Beckley, 2001; Giladi, Kao and

Fahn, 1997). In such patients, reducing the dosage or

number of anti-parkinson drugs may improve postural

control.

Medical Treatment of Parkinsonian Gait and
Balance Disorders

Pharmacotherapeutic options to treat gait impairment

and postural instability in PD are summarized in

Table 28.6.

Levodopa

Multiple studies using different assessment techniques

after a single dose or long-term treatment have shown that

levodopa improves walking velocity and the spatiotempo-

ral gait parameters in PD (Bowes et al., 1990; Blin et al.,

1991; O’Sullivan et al., 1998; Krystkowiak et al., 2003;

Vokaer et al., 2003; Lubik et al., 2006). Furthermore,

levodopa can improve gait rhythmicity, which is an accept-

ed risk marker for future falls (Schaafsma et al., 2003b). In

contrast, clinical experience suggests that postural instabil-

ity and falls respond poorly to treatment with dopaminergic

drugs (Bonnet et al., 1987; Bloem et al., 1996; Klawans,

1986). Dopaminergic medication is also largely ineffective

for other axial motor problems, such as turning in bed

(Lakke, 1985; Narabayashi et al., 1987). However, con-

trolled experiments showed that some postural abnormali-

ties can in fact partially improve with anti-parkinson

medication, albeit usually not to normal levels (Bloem

et al., 1996; Beckley et al., 1995; Burleigh-Jacobs et al.,

1997; Horak and Frank, 1996). Therefore, increasing

Table 28.5Disease-specific risk factors that contribute
to the pathophysiology of gait impairment, postural
instability and falls in Parkinson’s disease (PD).

* Gait impairment

TReduced step height (creates stumbling risk)

T Freezing of gait

* Stiffness

TMuscle rigidity

T Intrinsic muscle changes

TActive co-contraction (caused by fear?)

* Abnormal environmental perception

T Impaired visual feedback due to oculomotor

disturbances

T Incorrect central processing of visual information

TDecreased sensitivity of extensor load receptors

TDisturbed central processing of kinaesthetic feedback

* Impaired automatic postural corrections

TAbnormally large destabilizing responses

TDecreased and delayed stabilizing responses

T Impaired reflex gain control (postural “inflexibility”)

* Abnormal compensatory stepping movements

T Slowed execution/akinesia

TUndersized steps

* Abnormal protective arm movements

T Improperly directed

TUndersized

TAbsent (arms in pockets due to shame of tremor)

* Abnormal voluntary postural corrections

T Start problems (akinesia)

T Slowing (bradykinesia)

T Freezing

T Impaired anticipatory postural responses

* Increased sway beyond limits of stability

TDyskinesias

TTrips due to shuffling gait

* Reduced muscle strength
* Cognitive impairment

T (Subcortical) dementia

TMedication-induced psychosis/hallucinations

* Orthostatic hypotension/syncope

TDisease-related (rare)

TMedication-induced

Note that “generic” risk factors for falls (e.g., benzodiazepines) can
also contribute and aggravate the axialmobility problems, over and
above the disease-specific effects of PD itself.
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dopaminergic therapy should always be considered. Note

that if anti-parkinson medication markedly improves bra-

dykinesia and rigidity, falls may paradoxically increase

because the resultant increase in mobility makes some

patients more liable to fall.

The issue of freezing of gait (FOG) is a challenging

one. Most FOG episodes are related to the OFF state (or

hypodopaminergic state) in parkinsonism (Bloem et al.,

2004c). Consequently, almost all drugs that improve the

severity or duration of OFF periods over 24 h will also

improve FOG among patients who are prone to freeze in

the OFF phase. Considerably fewer patients have FOG

during the ON state, although one must be careful here:

most cases considered to be ON freezers are actually

patients with good control of bradykinesia, rigidity and

frequently even tremor, but who continue to suffer from

FOG because of underdosing with respect to FOG. Such

patients will stop freezing if dopaminergic treatment is

increased. A small group of patients (the exact percent-

age is unknown) walk normally during the OFF phase

(early in the morning, before the first daily dose) and

start to freeze when turning ON. FOG in those patients

will improve if dopaminergic treatment is reduced. In

general, OFF state FOG responds much better to dopa-

minergic medication at early stages of the disease. With

disease progression, FOG becomes more resistant to

levodopa.

Dopamine Agonists

Dopamine agonists (DA) generally have similar, albeit

weaker positive effects on gait, as demonstrated in several

trials performed in early and later stages of PD (for exam-

ple, Olanow et al., 1994; Rascol et al., 2000). Curiously, in

several prospective, double-blind studies comparing levo-

dopa monotherapy to DA monotherapy, patients random-

ized to a DA reported a higher frequency of FOG, despite

significant improvements in their general motor state

(Rascol et al., 2000; Parkinson Study Group, 2000). The

exact mechanism behind this observation remains unclear,

Dopa-induced

abnormalities

– Dyskinesias

– Orthostasis

– “On” state freezing

– Confusion

– Reactive postural responses

– Falls

– Freezing?

– Centrally initiated postural responses

– “Off” state freezing

Other durgs
– Idazoxan?
– L-Threo-Dops?
– Budipine?
– Flupirtine?

Dopaminergic

abnormalities

Non-dopaminergic

abnormalities

Therapy:

Therapy:

Increase

levodopa
Decrease

levodopa

Figure 28.4 Neurochemical abnormalities involved in the pathophysiology of falls and FOG in PD. Three categories can be

distinguished (depicted by the three overlapping circles), and each calls for a different treatment strategy (summarized in the

two boxes). Dopaminergic abnormalities require an increase of dopaminergic drugs, but the opposite is necessary for dopa-

induced abnormalities (caused by excessive dopaminergic medication). The third group of abnormalities is conceivably

related to lesions outside the dopaminergic substantia nigra and requires correction of non-dopaminergic neurotransmitter

deficits. However, unequivocally effective non-dopaminergic treatments are not yet available for routine clinical practice.

Treatment is particularly complex for symptoms with a contribution from multiple domains, such as FOG, which can be a

dopaminergic, dopa-induced or a non-dopaminergic feature.
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and the findings do not necessarily imply that DA induced

FOG in these patients. An equally plausible explanation is

that FOG simply emerged with disease progression, and

was better suppressed in the levodopa arm because this

afforded a greater symptomatic effect. In clinical practice,

when patients develop FOG while on DA monotherapy, a

first step is to increase the dose of the agonist. Improvement

in FOG would suggest that this was OFF period freezing

that had been insufficiently treated; a further worsening

of FOG would suggest an adverse effect of the DA and

would necessitate a switch to levodopa. Whether some

agonists are more effective or safer than others is unknown,

and any differences seem clinically irrelevant, although

switching between different DAs can be useful in indi-

vidual patients.

Mono-Amine Oxidase Inhibitors

This class of drugs can enhance dopaminergic stimulation

by decreasing dopamine metabolism at the level of the

synapse. Additional indirect activities may result from the

effect of active metabolites: methamphetamine for selegi-

line, and amino-indane for rasagiline. Both selegiline and

rasagiline can improve gait in early and late stages of PD

(Giladi et al., 2001; Shoulson et al., 2002; Zuniga et al.,

2006). Of special interest are several prospective, double-

blind, placebo-controlled studies, which demonstrated a

beneficial effect of selegiline on FOG in early disease

stages (Giladi et al., 2001), and an effect of both selegiline

and rasagiline on FOG in more advanced stages of PD

(Giladi et al., 2001; Shoulson et al., 2002). However, in

these studies, gait was always assessed using the UPDRS

gait question and rarely using a direct gait assessment

technique. Rasagiline has recently been tested more spe-

cifically in a controlled, double-blind sub-study of the

LARGO study where FOG severity was the primary out-

come (Giladi, Rascol and Brooks, 2004). In this study,

rasagiline was better than placebo and as effective as

entacapone in decreasing the total score of the FOG ques-

tionnaire, but the clinical significance of this finding is not

yet clear.

Amantadine

Amantadine improves gait disturbances in PD by

reducing OFF period parkinsonian signs (Freedman

et al., 1971; Walker et al., 1972). A recent double-

blind, crossover study reported that amantadine im-

proved the severity of FOG in seven patients with pure

freezing syndrome (Kondo, 2007). Amantadine may

also be used to treat parkinsonian gait in patients with

atypical parkinsonism. For example, a double blind and

placebo-controlled trial showed that when given intrave-

nously for five consecutive days, amantadine was superior

Table 28.6 Medical treatment of gait disturbances in parkinsonism.

Evidence of efficacy

Drug Clinical benefits Gait in general Freezing of gaita

Selegiline FOG A Ab

Rasagiline FOG A Ab

Amantadine Hypokinetic gait A B

Dopamine agonists Hypokinetic gait A Might worsen freezing

Levodopa Hypokinetic gait and FOG A A

Botulinum toxin Dystonic gait Never tested Not effective; might increase

falls!

L-threo-DOPS FOG in pure akinesia

syndrome; not effective for

FOG in PD

C

Cholinesterase inhibitors Improved FOG and brain

perfusion in pure akinesia

syndrome

C

Methylphenidate Improved cognition and

locomotion; conflicting

results

C C

a Translation of evidence into recommendation, as follows: Level A¼At least one class I study or 2 convincing class II studies; Level B¼At
least one class II study or 3 consistent class III studies; C¼At least 2 convincing and consistent class III studies.
b Clinical significance is not clear.
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to placebo in improving the parkinsonian gait of patients

with higher-level gait disorders (Baezner et al., 2001).

Although not studied properly, amantadine is also felt

to be one of the most effective drugs to improve gait in

patients with progressive supranuclear palsy (Bloem et al.,

2005).

Specific Drug Treatment for Freezing of Gait

Because most FOG episodes occur in the OFF state and

improve with dopaminergic medication, it is difficult to

discuss the actual “specific” effect of any drug on FOG

unless it does not have any symptomatic effect on parkin-

sonism in general. Only four such drugs have been assessed

for the treatment of FOG: botulinum toxin injected into calf

muscles; donepezil (an acetylcholinesterase inhibitor);

methylphenidate; and EL-threo-DOPS (a precursor of nor-

epinephrine). None of the trials that examined these drugs

met the criteria for level A of the evidence-based medicine

criteria (Table 28.6). Perhaps the most interesting com-

pound is methylphenidate, as this may improve both

gait and cognitive functioning (Auriel et al., 2006; Devos

et al., 2007).

Other Non-Dopaminergic Drugs

Given the likely role for extranigral and non-dopaminergic

lesions in the pathophysiology of parkinsonian gait and

balance disorders, it would be interesting to test the efficacy

of “non-dopaminergic” drugs (aimed at correcting adren-

ergic, serotonergic or cholinergic deficits). Only very few

attempts have been made, including the aforementioned

trials with L-threo-DOPS. Theoretically, one may expect

acetylcholinesterase inhibitors such as rivastigmine or

memantine, as enhancers of attention and memory (by

improving cholinergic transmission), to directly and indi-

rectly improve aspects of motor control as well. Further-

more, by reducing visual hallucinations in patients with

PD, acetylcholinesterase inhibitors may reduce dangerous

wandering behavior and improve motor performance.

Unfortunately, there are currently no non-dopaminergic

precursorswith proven efficacy on gait or balance available

for use in clinical practice.

Adverse Effects of Dopaminergic Drug Treatment

In PD, use of dopaminergic medication may paradoxically

increase falls by causing violent dyskinesias, FOG (during

the “ON” phase), orthostatic hypotension or confusion

(Bloem and Bhatia, 2004). In such patients it is necessary

to reduce, rather than increase, the dose of anti-parkinson

medication.

Drug Treatment for Atypical Parkinsonism

Due to the paucity of well-designed clinical trials, it is

unclear to what extent patients with other types of hypo-

kinetic-rigid disorders improve with dopaminergic medi-

cation. Our experience suggests that a careful trial of

levodopa may be justified, and some patients temporarily

improve. For example, about one-third of patients with

“vascular parkinsonism” can improve with levodopa (pre-

sumably those with a concurrent pre-synaptic dopaminer-

gic lesion), although generally high levodopa dosages are

required----up to 1 g/day (Zijlmans et al., 2004). However, a

temporary placebo response cannot be excluded, and a

gratifying and long-lasting response to levodopa is gener-

ally only seen in patients with true idiopathic PD.

Surgery for Parkinson’s Disease

Stereotactic neurosurgery of the basal ganglia is a rela-

tively new and promising treatment for mostly young

Parkinson patients with dose-limiting adverse effects of

drug therapy. Various approaches have been investigated,

including different targets (thalamus, internal globus pal-

lidus, subthalamic nucleus and, most recently, the ped-

unculopontine nucleus (PPN)) and different techniques

(lesions vs electrical stimulation; unilateral vs bilateral

interventions).

Thalamic surgery occasionally improves gait in PD, but

the risk of postural deficits is considerable, particularly

following bilateral approaches (Speelman, 1991). In oc-

casional patients, electrical stimulation of the nucleus

ventralis intermedius of the thalamus improves postural

control, apparently via reduction of tremor in the legs and

trunk (Burleigh et al., 1993). Unilateral thalamic lesions

result inminor, short-lasting amelioration of balance in up

to 30% of patients (Speelman, 1991). However, thalamic

procedures generally provide little relief of postural

instability or gait (Benabid et al., 1996; Defebvre et al.,

1996).

Stereotactic surgery aimed at the internal globus pallidus

or subthalamic nucleus effectively reduces appendicular

symptoms (tremor, rigidity and akinesia of the extremities)

in advanced PD, but the effects on axial symptoms (gait

impairment and postural instability) are less well docu-

mented. A meta-analysis showed that bilateral internal

globus pallidus stimulation, bilateral subthalamic nucleus

stimulation and, to a lesser extent, unilateral pallidotomy

improved postural instability and gait disability in PD

(Bakker et al., 2004). Bilateral subthalamic nucleus stimu-

lation can also improve gait initiation and maintenance in

PD, and reduce the stooped posture (Azulay et al., 2001;

Faist et al., 2001; Crenna et al., 2006). FOG during the ON

state does not improve (Stolze et al., 2001;Davis, Lyons and

Pahwa, 2006). Unlike the effects on “appendicular” signs
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such as reaching, bilateral interventions seem more effec-

tive than unilateral interventions, perhaps because the basal

ganglia affect walking via bilateral projections to the PPN

(Crenna et al., 2006; Yokoyama et al., 1999; Kumar et al.,

1999; Bastian et al., 2003).

There are several concerns when planning stereotactic

surgery for gait or balance problems in PD. Clinical expe-

rience suggests that the axial symptoms of PD respond less

consistently than appendicular symptoms. The effects on

axial symptoms can vary considerably among individual

patients, and some patients do not improve at all (Siegel and

Metman, 2000). Also, the duration of improvement for

axial symptoms is shorter than for appendicular symptoms,

particularly after pallidotomy or pallidal stimulation. After

long-term follow-up, balance has deteriorated in most

patients due to progression of the underlying disease. A

practical concern is that stereotactic interventions occa-

sionally aggravate gait and balance impairment, and this

risk seems greatest with bilateral approaches aimed at the

globus pallidus. These adverse effects on gait can occur

immediately post-operatively, but there is increasing focus

on a sub-group of patients with a seemingly selective post-

operative deterioration of axial motor control, in the face of

persistent improvements in appendicular motor control

(van Nuenen et al., 2008). At present, patients with marked

gait and balance impairment that respond poorly to anti-

parkinson medication appear unsuitable candidates for

stereotactic neurosurgery. For younger patients withmilder

axial symptoms that respond well to dopaminergic therapy

and no cognitive impairment, deep brain surgery can be

considered.

There is an increasing interest in the PPN as a new

target for stereotactic surgery, given its presumed role in

the initiation and maintenance of gait, and perhaps in

regulating balance as well (Pahapill and Lozano, 2000).

Several studies have now shown that bilateral stimulation

of the PPN is technically feasible and can in fact improve

gait during both the ON and OFF state, but all studies

were performed in small groups (Mazzone et al., 2005;

Plaha and Gill, 2005). PPN stimulation is most effective

at much lower frequencies (20--25 Hz) compared to STN

stimulation. A recent study included six patients with

unsatisfactory pharmacological control of gait and pos-

tural stability, and submitted these patients to bilateral

implantation of DBS electrodes in the STN and PPN

(Stefani et al., 2007). Clinical effects were evaluated 2--6

months after surgery in the OFF and ONmedication state,

and also with both STN and PPN stimulation switched on

or off, or with only one target being stimulated. PPN

stimulation was particularly effective for gait and pos-

tural items. In the ON medication state, the combination

of STN and PPN stimulation provided a significant

further improvement when compared to the specific

benefit mediated by activating either single target. These

findings indicate that, in patients with advanced PD, PPN

stimulation associated with standard STN stimulation

may be useful in improving gait and in optimizing the

dopamine-mediated ON state, particularly in those whose

response to isolated STN stimulation has deteriorated

over time. However, follow-up was short, assessment

of gait and balance was not done in a very detailed

manner, and many technical and safety issues remain to

be sorted out.

Physiotherapy for Parkinson’s Disease

Gait and balance deficits in PD may improve with physio-

therapy. Generic physiotherapy strategies have been dis-

cussed above. In addition, evidence-based guidelines have

been developed, and consist partially of evidence derived

from an increasing number of good-quality trials, and

partially of expert opinion (Keus et al., 2007). These

guidelines provide practical recommendations in several

key “domains” of PD where physiotherapy is deemed to be

effective, including gait impairment, postural instability,

falls and immobility. One clear example includes the use of

external rhythmic auditory, visual or tactile cues to ame-

liorate gait and to reduce FOG in PD (Morris et al., 1997;

Rubinstein, Giladi and Hausdorff, 2002; Nieuwboer et al.,

2007). Use of external cues to improve gait apparently

permits patients to bypass their defective basal ganglia

circuitry. A possible explanation is that, for example, the

visual cortex can access motor pathways via indirect pro-

jections involving the cerebellum, rather than the basal

ganglia (Manganotti et al., 2001). Such circuitries could

also underlie the phenomenon of kinesia paradoxica. The

use of cueing techniques is now supported by high-quality

randomized trials (Nieuwboer et al., 2007).

Physiotherapists can make other contributions as well.

Patients can be instructed to avoid dual-tasking in daily life,

and to split complex movements into sequential compo-

nents that are easier to execute separately (this segmenta-

tion technique is termed “chaining”) (Kamsma, Brouwer

and Lakke, 1995). Physiotherapists can also teach patients

tomake safer “transfers” (e.g., getting in and out of bed) and

improve cardiovascular fitness (Morris et al., 1997). Fur-

ther options are to teach patients specific maneuvers to

reduce orthostatic hypotension, such as standing with

crossed legs and muscles contracted (Mathias and Kimber,

1998), but this is obviously unattractive in patients with

severe balance impairment. For this latter group, selec-

tively increasing the inspiratory impedance may also be

used to reduce orthostatic hypotension to a similar degree as

can be achievedwith legmuscle tensing (Thijs et al., 2007).

Further research is needed to determine how long the

effects of physical therapy last and whether or not some

form of chronicmaintenance therapy is required. One study
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showed improvements in FOGwith external cueing, but the

clinical benefits were short-lasting (Brichetto et al., 2006).

An important role is to facilitate the use of walking

aids. Specific designs are available for PD patients, such

as the inverted cane. Wheeled walkers occasionally cause

or aggravate propulsion because PD patients with impaired

hand function cannot use the handbrakes. Caution is

also needed when walkers are given to patients with

FOG. Wheeled walkers offered no reduction in FOG,

while standard walkers can actually increase FOG (Cubo

et al., 2003).

Occupational Therapy for Parkinson’s Disease

Removing domestic hazards is presumably not effective

because most falls in PD are unrelated to environmental

circumstances (Bloem et al., 2001). However, individual

patients with obvious extrinsic falls may benefit, for exam-

ple when patients have frequent FOG episodes because the

living room is too crowded. Poor illumination may indi-

rectly lead to falls by impairing visual compensation.

Spastic Gait and Balance

Pathophysiology

Spasticity is defined as a velocity-dependent increase in

tonic stretch reflexes and is one component of the upper

motor neuron syndrome. Common causes of spasticity

include multiple sclerosis, cerebral palsy, traumatic brain

and spinal injuries, stroke, and sporadic or hereditary

spastic paraplegias. Spasticity is described using the terms

“negative” and “positive” symptoms (Table 28.7), where

negative symptoms include muscle weakness, decreased

coordination, loss of dexterity and fatigue. Positive symp-

toms manifest clinically as increased muscle tone, exag-

gerated deep tendon reflexes, muscle spasm, persistence of

primitive reflexes, clonus, extensor plantar responses, and

discordant mass activation of muscles. In addition, second-

ary complications may develop, such as contractures. The

effects of spasticity range from mild muscle stiffness to

severe, painful muscle spasms and contractures resulting in

postural and joint deformities that reduce mobility and

substantially impede activities of daily living.

Spasticity commonly affects gait. Note that not all

spasticity is necessarily bad for gait: patients with minimal

voluntary control over their legs----but with prominent

extensor tone of lower extremities----use their spasticmuscle

tone to help in ambulation or transfer (Mayer, 1997). A

unilateral lesion of the corticospinal tract in the hemisphere

or brain stem causes a contralateral spastic, hemiparetic

gait. The affected arm is adducted at the shoulder, flexed at

the elbow, and flexed at the wrist and fingers. The upper

extremity does not swing and is held up against the chest or

abdomen. There is decreased flexion of the hip and knee

and less ankle dorsiflexion. The affected stiff spastic leg is

swept outward to avoid the foot dragging on the floor

(circumduction) while the upper body rocks slightly to the

contralateral side. There is a decreased cadence and thus

slowing of walking velocity. Spasticity affecting both

lower limbs is termed spastic paraparesis. Detailed descrip-

tions of the spastic gait have been made in dedicated gait

laboratories (Klebe et al., 2004). Treatment must be care-

fully tailored to the pathophysiology and the specific

movement abnormalities in order to optimally enhance

mobility, improve posture and increase the range ofmotion.

Medical Treatment

The pharmacologic treatment of spasticity is limited to oral

and intrathecal anti-spastic drugs, or to intramuscular in-

jections for chemodenervation. All treatment modalities

must be combined with physiotherapy. A practical algo-

rithm to support treatment decisions is shown inFigure28.5.

Individual treatment options are summarized in Table 28.8.

Oral Anti-Spasticity Agents

Anti-spasticity agents are mainly benzodiazepines, dantro-

lene, tizanidine and baclofen. These can afford a general-

ized reduction in body tone and decrease the frequency and

severity of muscle spasms. Adverse effects are significant,

including sedation, muscle weakness, dizziness, seizures

andhepatotoxicity.Efficacymightdiminishwithprolonged

use, necessitating higher doses (and increasing the risk of

adverse effects). The effects of oral anti-spastics on gait

Table 28.7 Characteristics of spastic paresis.

* Positive symptoms

THyper-reflexia/clonus

T Flexion/extension spasms

TAssociated reactions

TCo-contractions/mass activation of muscles

TAbnormal posture/spastic dystonia

T Primitive reflexes

* Negative symptoms

TMuscle weakness/paresis

TLoss of dexterity/co-ordination

TMuscle slowness

T Increased muscle fatigability

* Secondary symptoms

T Increased muscle stiffness

TLoss of muscle length (myogenic contracture)

T Pain

Recognition of these three main domains serves as a basis for
individualized treatment, tailored to specific problems in individ-
ual patients.
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have been sparsely studied. One study showed that, despite

alleviation of flexor and extensor spasms and a decrease in

resistance to passive leg movement, oral baclofen failed to

improve gait (Duncan, Shahani and Young, 1976).

Chemodenervation

Chemodenervation may be accomplished with phenol or

botulinum toxin (BTX) injections. Both reduce harmful

spasticity in one area, while preserving useful spasticity in

other areas, thereby preserving useful motor function.

Patients with profound weakness of the lower limbs or

those with long-lasting fixed contractures are usually not

good candidates. In some patients with contractures, che-

modenervation may be considered, but usually additional

measures such as taping, serial casting or surgical release

should follow. All patients should engage in an intensive

physiotherapeutic program following this treatment. The

main targets in spasticity of the lower limbs are: plantar

flexion, foot inversion, thigh adduction (scissoring), hip-

knee flexion, hip-knee extension, toe curling and truncal

flexion (O’Brien, 2002).

Several studies have examined the effects ofBTXongait.

In a randomized, double-blind study, 20 patients with

post-stroke spasticity----with ankle plantar flexor and foot

invertor spasticity----were randomly assigned to receive

either botulinum toxin type A (BTX-A) injected into calf

muscles, or a tibial nerve blockade with phenol (Kirazli

et al., 1998). Both treatment groups showed significant

improvement in spasticity scores. However, scores for

eversion and ambulation were improved only in BTX-

treated patients, and functional improvements were better

overall with BTX therapy. In another open-label study

involving patients with hereditary spastic paraplegia,

BTX-A was injected into lower limb muscles (because of

equinus, varus and pathological hip adduction) (Rousseaux

et al., 2007). The results showed a moderate reduction of

ankle plantar flexor and hip adductor spasticity, with a

partial increase in the range of ankle motion, and an

increased gait velocity. In children with cerebral palsy,

BTX-A injected into the gastrocnemius muscle (because

of a spastic equinus foot) and into the hamstring muscles

improved gait, as well as range of motion of the ankle, knee

and hip (Corry et al., 1999). This also permitted a delay for

correctivesurgery.Finally, a recentmulti-centre randomized

Disabling spasticity No treatment

Yes

No

Physiotherapy

Insufficient effect ≥ 3 body segments1 or 2 body segments

Orthoses

Chemodenervation

Neurolysis: phenol Neuromuscular
blockade (BTX)

Selective dorsal
rhizotomy (SDR)

Oral medication

Side effects

Intrathecal
baclofen (ITB)

Soft tissue
surgery

Figure 28.5 A decision algorithm for the treatment of spasticity. Spasticity should only be treated when the disabling

consequences overrule the possible beneficial effects, for example, with regard to support function of the legs. The first

treatment choice is physiotherapy, in particular regular stretching of affected muscles and adequate positioning of affected

limbs during daytime and night-time. In case of insufficient effect and focal spasticity (of one or two body segments), focal

measures are warranted. Orthoses may support the efficacy of stretching and provide better positioning of affected joints.

Chemodenervation (such as with botulinum toxin, BTX) will result in a decrease in neural activation of spastic muscles. Soft

tissue surgery will increase the length and enhance the activation threshold of affected muscles. In case of generalized

spasticity (that is, three or more affected body segments), systemic medication is a first choice. Baclofen can be administered

more selectively into the cerebrospinal fluid to prevent systemic side effects. Selective dorsal rhizotomy (SDR) is a surgical

option for severe generalized spasticity of the lower limbs, especially in children.
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study compared multi-level BTX-A plus comprehensive

rehabilitation with usual care in 46 children with spastic

cerebral palsy (Scholtes et al., 2007). The results demon-

strated improved knee extension during gait, increased

muscle length and decreased spasticity in the injected

muscles after six weeks. The effect on gait lasted less than

24 weeks.

Surgical Interventions

Surgical interventions are a critical element in the

rehabilitation of patients with a spastic gait (Boop,

Woo and Maria, 2001). To date, the risks associated

with surgical interventions are small, and the chances

for immediate and long-lasting improvements high.

Currently, the most commonly performed neurosurgical

procedures for the treatment of spasticity are selective

dorsal rhizotomy and placement of intrathecal baclofen

pumps. Other surgical interventions include selective

peripheral neurotomy and various orthopedic surgical

procedures. Selective peripheral neurotomy is reserved

for severe focal spasticity, when BTX injections

cannot delay surgery any longer (Sindou and Mertens,

2000).

Table 28.8 Therapeutic interventions to alleviate spastic gait.

Intervention Effect Pitfalls

Oral anti-spastics
* Benzodiazepines * Generalized reduction in body tone * Significant adverse effects, including

sedation, muscle weakness, dizziness,

seizures, tolerance and hepatotoxicity
* Dantrolene * Decreased frequency and severity

of muscle spasms
* Tizanidine * No specific effect on gait
* Baclofen

Chemodenervation

(local i.m. injections)

* Improve range of motion * Additional measures such as taping,

serial casing or surgical release should

follow
* Botulinum toxin * Reduces deformities in lower limbs * Intensive physiotherapy is necessary
* Phenol * Improves walking velocity * Complications mainly with

phenol----pain and dysesthesia
* Permits delay in corrective surgery

in children

Surgical interventions * Provides a permanent reduction

in lower limb tone

* Must be combined with operations on

tendons and an intensive postoperative

rehabilitative program

* Selective dorsal rhizotomy

(for children with CP)

* Increased range of motion * Can cause muscle weakness

* Improved posture
* Long-lasting improvement in

gait dynamics
* Intrathecal baclofen * Reduction in tone * Dizziness, drowsiness, headaches,

nausea, and weakness. Infections and

device failure.
* Improved range of motion
* Decreased painful muscle spasm
* Increased walking velocity

* Orthopedic surgery * Surgery for lengthening the Achilles

tendon, the hamstrings and the

iliopsoas muscle, and release of

adductors from the pubis

* Best postponed until later (school) age
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Selective Dorsal Rhizotomy

Selective dorsal rhizotomy (SDR) is an evidence-based

treatment for spasticity in cerebral palsy, and is also used

for spasticity caused by other etiologies. Good candidates

are patients with spastic diplegia who are still ambulatory

with aids, those with good strength, those that demonstrate

good muscle group isolation and postural stability, and

who do not have fixed contractures. Patients must also

be motivated to work with physiotherapists on an

intensive rehabilitative program post-operatively (Smyth

and Peacock, 2000). Guidelines for surgery in childrenwith

cerebral palsy underscore that the surgical indications

depend on the pre-operative (dis)abilities, as well as on

functional goals (Sindou andMertens, 2000). For example,

in independent ambulatory children, the goal is to improve

the efficiency and cosmetics of walking by eliminating

abnormally responsive neural circuitries through functional

SDR. This is best done when the child can co-operate with

the physiotherapist, preferably between three and seven

years of age. In contrast, for children who are in the process

of developing ambulatory skills and who only temporarily

require an assistive device, surgery should be delayed until

they have perfected these skills. Spastic children who

undergo SDR sustain a permanent reduction in lower

extremity tone, increased range of motion in the legs and

improved posture while sitting and kneeling. Importantly,

these children also experience a long-lasting improvement

in gait dynamics, as reflected both clinically and experi-

mentally using computerized gait analysis (Subramanian

et al., 1998).

Intrathecal Baclofen

Intrathecal baclofen (ITB) involves a direct infusion of

baclofen into the subarachnoid space around the spinal

cord, potentiating g-aminobutyric acid (GABA)-mediated

inhibition of spasticity. Appropriate candidates are patients

with severe, generalized spasticity that impedes indepen-

dent function, including ambulation. Ideally, ITB should

reduce spasticity, but preserve gait function. An advantage

of ITB is its ability to reduce dystonia which is common in

patients with cerebral palsy, but which may not respond to

SDR (Goldstein, 2001).

Improved tone following a test dose of 50 to 100mg of

baclofen (administered by lumbar puncture) is followed by

pump implantation for continuous ITB infusion, with grad-

ual dose adjustments to maximize patient benefit and

minimize side effects. Potential side effects include those

referable to baclofen (e.g., drowsiness orweakness, but also

risk of baclofen overdose and withdrawal syndrome with

respiratory failure and coma), technical problems (1% per

year, mainly breakage or disconnection of the catheter) and

infections.

ITB is very effective in patients with cerebral or spinal

spasticity. Positive effects of ITB on gait have been

reported after bolus intrathecal injections and in patients

with continuous infusion. For example, a one-year follow-

up study including ambulatory patients with spasticity

showed that ITB improved gait in 20 of 24 patients

(Gerszten, Albright and Barry, 1997). In patients with

spastic hemiplegia, ITB improved walking and reduced

muscle stiffness at the ankles and knees of the affected

side (Remy-Neris et al., 2003). ITB has also been tested in

patients with traumatic brain injury. Thus, ITB bolus

injection reduced spasticity in ambulatory patients with

traumatic brain injury, resulting in increased stride length

and gait velocity (Horn, Yablon and Stokic, 2005). ITB--
given within one year of onset of acquired brain

injury----improved gait speed without adverse effects on

recovery (Francisco et al., 2005). Finally, ITB has been

tested in patients with sporadic and hereditary spastic

paraplegia (Klebe et al., 2005). The results showed an

increased gait velocity accompanied by larger step length

and a reduced step width, but no change in other kinematic

gait parameters. Only 50% of the patients initially includ-

ed actually received continuous ITB because a bolus test

showed variable effects and worsening or unmasking of

pre-existent weakness.

Orthopedic Surgery

Soft tissue surgery remains a common component in the

management of ambulatory patients with spastic gait. The

main procedures are aimed at lengthening the achilles

tendon, the hamstrings and iliopsoas muscle, and

to release the adductors from the pubis (Karol, 2004).

Multi-site simultaneous tendon surgery can improve gait

by reducing contractures of the hip, knee and ankle, and by

enhancing the activation threshold of the lengthened

muscles.

Additional Interventions

Physiotherapy is essential to stretch muscles and prevent

muscle shortening. Adequate and prolonged stretchingmay

reduce muscle tone as well, both during the stretching and

for some time afterwards. In addition, initial muscle relax-

ation is necessary to facilitate the fit of orthotic devices such

as braces. If pain is a major issue, potential sources of pain

should be identified and treated accordingly, thereby de-

creasing the frequency of muscle spasms. Finally, given

the complexmanagement of spasticity, withmultiple (often

complementary) treatment options and a delicate planning

of both immediate and long-term ramifications of

the interventions, patients are best treated in a multi-disci-

plinary setting.
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CONCLUSIONS

Axial mobility deficits are generally regarded as being

difficult to treat. However, this chapter illustrates the broad

spectrum of possible therapeutic interventions that is avail-

able to alleviate gait and balance problems, and to reduce

falls in affected patients. Unfortunately, in most areas, the

level of supporting scientific evidence is still insufficient

to make very strong recommendations. Therefore, well-

designed and adequately powered studies are needed in the

forthcoming years to further improve and expand the

therapeutic arsenal.
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INTRODUCTION: HISTORY

Restless legs syndrome (RLS) is, for several reasons, a bit

of an oddity in a book such as this one, focused on

movement disorders. It is, in a sense, both among the oldest

and the youngest of these movement disorders. It was well

described in themedical literature as a treatable disorder by

Willis in1683, at least 230 years before Parkinson described

the “shaking palsy.” Willis’ description of violent limb

movements engendered by quiet rest (see Figure 29.1)

captures much of our current understanding of the disorder.

But RLS remained largely ignored by the medical commu-

nity for over 270 years, until Ekbom’s classic series of

clinical studies and his excellent monograph (Ekbom,

1945; Ekbom, 1950) not only established primary features

of the disorder, but also anointed it with its current name.

Even after Ekbom’s work RLS remained in the shadows

until the convergence of three factors forced it into themain

stream of medicine. First, the development in the later half

of the twentieth century of the field of sleep medicine and

Lugaresi’s recognition of periodic leg movements disturb-

ing sleep (PLMS) of RLS patients (Lugaresi et al., 1968)

alerted clinicians to an unusual movement disorder that,

unlike most others discussed in this book, becomes worse

with rest and sleep. Second, the development of geriatric

medicine included an emphasis on medical management to

ensure quality of life for relatively healthy older adults.

Medical attention turned to disorders like RLS that, while

not directly mortal, profoundly disturb life, particularly for

those over 55. Life spans in the fairly recent past in

European history were more like that of Willis, who died

at age 52. RLS occurs at any age, but becomes a daily

distressing symptom mostly for those over age 50. Third,

Akpinar’s serendipitous discovery that levodopa provides

dramatically effective treatment for RLS (Akpinar, 1982)

completed this confluence propelling RLS into the main

stream of medical consideration.

Now, this common disorder producing abnormal move-

ments in sleep and also profound loss of sleep in otherwise

healthy older adults can be effectively treated by the

same dopaminergic medications used to treat Parkinson’s

disease (PD). It is, however, also treated by medications

that have little benefit for PD. RLS thus is one of the most

recent of the movement disorders to receive significant

medical attention. A book such as this written only 30 years

agowould have hardlymentionedRLS, perhaps in a section

or a paragraph in a chapter on other disorders. While a

young field, as hopefully you will partly see in this chapter,

it is one producing remarkable scientific and clinical

advances with implications beyond the disorder itself.

Whatmakes RLS an oddity in this book is not somuch its

long gestation, nor its tantalizing treatment overlap with

Parkinson’s disease, nor even its strange rest-induced

abnormal movements, rather RLS is primarily a sensory

more than a movement disorder. The sensory experience of

the urge to move or akathisia, not the movements them-

selves, defines the disorder. It is closest to, but quite distinct

fromneuroleptic-induced akathisia described inChapter 25

of this book. This unique aspect of RLS makes its neuro-

biology relevant to understanding the neurobiology of

sensory-motor integration, but it also makes the defining

symptoms entirely subjective sensory experiences, signifi-

cantly complicating the diagnosis of RLS.

DIAGNOSIS, CLINICAL PRESENTATION
AND EVALUATION

Diagnosis

Diagnosis of RLS requires evaluation of the patient’s sub-

jective report of the sensory symptoms defining the disease.

Some of the features supporting the diagnosis can be

objectively assessed, but while recent genetic, physiological

and neurobiological advances hold promise we, at this time,
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do not have a biological marker of the disease. The four

essential diagnostic criteria for RLS listed in Table 29.1

were set forth at a consensus workshop held in 2002 at the

National Institute of Health inWashington DC and formally

approved by the International Restless Legs Syndrome

Study Group (IRLSSG) (Allen et al., 2003). The simple

statement of these criteria, however, somewhat obscures the

subtleties embodied in them. These criteria divide into one

that specifies the subjective symptom and three that define

conditions regulating expression of the symptoms.

Essential Diagnostic Criteria

Diagnostic Criterion 1 (Defining the RLS Symptom):
An Urge to Move the Legs, Usually Accompanied
or Caused by Uncomfortable and Unpleasant
Sensations in the Legs

The sensory symptom defining RLS can best be conceptu-

alized as an akathisia focused on the legs. Akathisia in-

volves clear awareness of the urge tomove. Unconscious or

even partially aware habitual movements (e.g., nervous

foot tapping) do not constitute RLS symptoms. The unusual

sensory symptoms or paresthesias occur typically without

any physical signs in the legs and are most often described

as some dynamic or moving sensation happening deep in

the legs, not like an itch on the surface of the leg (see

Table 29.2). The paresthesias should generally concur in

time and location with the focal akathisia. The most diffi-

cult clinical judgment about this criterion occurs when a

patient reports a need to move to reduce the paresthesia.

Here the critical question involves deciding if the sensation

being reduced is an urge to move or some other pain

condition. Often it helps to ask what occurs if the patient

does not move. The urge to move may become more

pronounced and intense; the legs may even move or “jerk”

on their own, but the degree of associated paresthesia will

generally not worsen. Development of profound pain with

delayed movement indicates possible conditions other than

RLS, for example, leg cramps.

Diagnostic Criterion 2: RLS Symptoms Begin or
Worsen During Periods of Rest or Inactivity
Such as Lying or Sitting

RLS symptoms rarely, if ever, occur spontaneously; rather

they are provoked or engendered by quiet resting. The quiet

resting involves decreased mental and physical activity.

Figure 29.1 Willis picture and RLS description.

Table 29.1 Essential diagnostic criteria for RLS.

(1) An urge to move the legs, usually accompanied or

caused by uncomfortable and unpleasant

sensations in the legs. (Sometimes the urge to

move is present without the uncomfortable

sensations and sometimes the arms or other body

parts are involved in addition to the legs)

(2) The urge to move or unpleasant sensations begin or

worsen during periods of rest or inactivity such as

lying or sitting

(3) The urge to move or unpleasant sensations are

partially or totally relieved by movement, such as

walking or stretching, at least as long as the

activity continues

(4) The urge tomove or unpleasant sensations are worse

in the evening or night than during the day or only

occur in the evening or night. (When symptoms

are very severe, the worsening at night may not be

noticeable but must have been previously

present.)

From Allen, R.P. et al. (2003) Sleep Med., 4, 101--119. Copyright
� 2003, Elsevier.

Table 29.2 Descriptive terms for restless legs
syndrome.

Creepy-crawly Ants crawling

Jittery Pulling

Worms moving Soda bubbling in the veins

Electric current Shock-like feelings

Fidgets The gotta-moves

Burning Jimmy legs

Heebie-jeebies Tearing

Throbbing Tight feeling

Grabbing sensation Elvis legs

Itching bones Crazy legs

Cramping like Tooth ache in leg

Pain (in 30--50% of

clinical cases)
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The longer and deeper the quiescent state the more likely

and the more intense the occurrence of RLS symptoms.

Thus symptoms can be provoked by having patients sit up

with legs stretched out for a long period of time, for

example, one hour remaining relaxed and awake with

minimal mental activity. This describes the suggested

immobilization test (SIT) used to evaluate RLS severity

and some standardized adaptation of the procedure may be

helpful for RLS diagnosis in the future. Note that RLS

symptoms should not start when walking or moving about.

The symptoms should also be engendered by quiescent

states in general and not by particular body positions, such

as sitting with legs crossed. Decreased mental activity, for

example, relaxation, but also tedium or boredom can also

provoke or worsen symptoms, so other activities creating

alertness, such as an emotionally intense argument, also

relieve the RLS symptoms.

Diagnostic Criterion 3: RLS Symptoms are
Partially or Totally Relieved by Movement,
Such as Walking or Stretching, at Least
as Long as the Activity Continues

RLS symptoms are at least partly if not completely relieved

by movement. The patients should report that once they

start moving they are more comfortable than if they stop

moving, that is there should be some sense that symptoms

abate at least somewhat almost immediately or at least

shortly after starting movement and this improvement

should persist as long as the movement continues. Both

real movement and alertness reduce the symptoms. How-

ever, since any real movement always produces alertness,

the more general diagnostic statement would be that in-

creased alertness relieves the symptoms. But since move-

ment can be directly observed it provides the better

diagnostic criteria. It should, however, be clear to the

clinician that the level of alertness is the major driving

force producing and relieving symptoms and any factor that

affects the level of alertness will also affect the expression

of RLS symptoms.

Diagnostic Criterion 4: RLS Symptoms are Worse
in the Evening or Night Than During the Day or
Only Occur in the Evening or Night

Late afternoon and night-times are the worst times for RLS

and conversely mid-morning----about the normal time

for waking from sleep and the first few hours of

waking----appears to be a “protected period”when symptoms

rarelyoccurandifpresentarelessseverethanatothertimesof

day. The circadian modulation of RLS symptoms occurs

independent of activity. Thus quiet resting engenders more

symptoms in the night-time than mid-morning. This pattern

appears to follow the body’s biological clock and can be

disrupted by jet lag, shift work or other circadian rhythm

disorders. Diagnosis should attend, not only to worsening

symptomswith afternoon and evening rest, but also fewer or

nosymptomswithrestinginthemorningatthenormalwaking

time. Patients generally report disrupted sleep during the

initialpartsofthesleepperiodwithbettersleepinthemorning.

Features Supporting the Diagnosis of RLS: Response
to Dopaminergic Treatment, Periodic Limb
Movements in Sleep and Family History of RLS

These three features have differing values. The first two

have most significance when not present. A failure to show

any clinical response at least initially to a therapeutic trial

dose of levodopa (100--200mg) should raise concern about

the accuracy of the diagnosis, since it has been reported that

80--90% or more of RLS patients report improvement with

this treatment (Stiasny-Kolster et al., 2006). Unfortunately

under normal clinical conditions, as many as 30--50% of

patients report a positive subjective response to placebo

(Trenkwalder et al., 2004a;Walters et al., 2004) so this fails

tobeadequately specific, although itmaybemore specific in

situationswith standard rest procedures designed to provoke

the RLS symptoms. Periodic limb movements in sleep

similarly occur at high rates in 80--90% of RLS patients

and the failure to find any indication for these casts some

doubt on a diagnosis of RLS. Again, however, 30--60% of

those without RLS also have high rates of PLMS, particu-

larly for those over age 40 (Pennestri et al., 2006). The PLM

rates become more specific for RLS for younger adults and

particularly for children and are included in the special

diagnostic criteria for children. Finally, family history of

RLS when present supports the diagnosis, since the risk of

having RLS is 3--5 times greater than expected for first

degree relatives of RLS patients (Allen et al., 2002). In

contrast to the other supportive features, a lack of a family

history has no diagnostic significance, particularly if the age

atwhich theRLS symptomswere first experiencedwas over

45. The familial form of RLS occurs more with those whose

symptoms start earlier in life.

Differential Diagnosis

Although often ignored, the differential diagnosis provides

an important counterbalance to the concept that you can

simply ask four questions covering the RLS symptoms to

make a diagnosis of RLS. Several conditions listed in

Table 29.3 can be easily mistaken for RLS and need to be

specifically evaluated. Separating peripheral neuropathy

fromRLS can be difficult, but two critical issues help. RLS,

unlike peripheral neuropathy, does not produce numbness

and can be significantly relieved almost immediately with

movement or increased alertness. Leg cramps are usually

easy to distinguish from RLS, except for those who have
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warning feelings that leg cramps are about to happen and

respond to these feelings by moving the legs. They may

answer positively to all four diagnostic criteria for RLS,

feeling they have to move the legs. The difficulty here is

separating the need to move to avoid the awful pain of a leg

cramp from responding to an internal urge to move. One

approach is to ask the patients what would happen if they

did not move. If they then describe leg cramps or the pains

of leg cramps the diagnosis should not be RLS unless they

have other symptoms matching the RLS criteria. Many

other leg-pain conditions, including vascular problems

may, on the surface, look like RLS. They generally differ

by not responding with significant relief occurring rapidly

with movement, and also they may come back or occur

when the patient is moving. RLS symptoms should not start

to occur when the patient is walking. Some individuals

develop habits ofmoving their legs, feet or toeswhen sitting

or lying down for a long time. These unconscious move-

ment habits occur without the patient being aware of them

unless someone else notices them. RLS involves a con-

scious urge to move that the patient is painfully aware of.

Unconscious habitual movements do not meet the criteria

for RLS diagnosis.

Clinical Presentation

RLS symptom occurrence varies widely, from infrequent

(less than monthly) and mildly annoying, to daily and

extremely distressing, even disabling. One group of RLS

clinical experts viewed RLS symptoms as clinically sig-

nificant when they occurred at least twice a week and were

moderately or severely disturbing to the patient (Allen

et al., 2005b). Mild RLS may only be expressed with

prolonged quiescent periods such as riding in a car or plane

or sitting watching television in the evening; the duration

of lying still before sleep onset may be too short to

provoke symptoms. When severe, the RLS symptoms

become expressed in any resting situation occurring dur-

ing the evening or night. Patients may avoid symptoms

during the day and evening by maintaining activity, but

this obviously fails for sleep. Thus sleep disturbance

becomes a major presenting symptom reported by 88%

of a sample of primary-care patients with clinically sig-

nificant RLS (Hening et al., 2004). Sleep is also the

primary morbidity for these more severely affected pa-

tients and the degree of sleep disturbance appears to be the

most significant factor determining several other adverse

effects of RLS (Kushida, Allen and Atkinson, 2004). Thus

RLS patients often present with complaints of insomnia

and RLS must be considered as a diagnosis for every

patient complaining of insomnia. It is important to note

that the RLS patient may complain of only sleep mainte-

nance or only sleep onset difficulties but in more severe

cases is likely to complain of both.

Pain in the legs is the second most common complaint

reported by 60% of those with clinically significant RLS

symptoms in a general population survey (Allen et al.,

2005b). In that survey some significant leg discomfort or

pain was reported as one of the primary symptoms in 88%

of those with clinically significant RLS symptoms. In

another large study, leg complaints were even more fre-

quent than sleep complaints, and nearly two thirds of the

patients had been treated with a venotonic (Crochard et al.,

2007). A diagnosis of vascular disorder was also frequently

given toRLSpatients (60.7%) in another study (Tison et al.,

2005). It is very important, however, to note that these later

studies reporting higher rates of leg pain did not involve

either careful training of the physician nor adequate ques-

tionnaire screening for the differential diagnosis of RLS

and other leg pains, including vascular and cramping leg

pains that can often bemistaken for RLS. The four essential

criteria for RLS diagnosis are often identified for patients

with other leg disorders unless care is given to ensure the

full quality of these criteria as described above. Nonethe-

less, patient complaints of leg pains, leg discomfort or sleep

disturbance should be considered for possible RLS and a

careful differential diagnosis completed.

Evaluation

RLS Patients need to be evaluated on two different dimen-

sions. First, the subjective symptom report should consider

Table 29.3 Major conditions to consider in the
differential diagnosis of RLS.

Condition

Differential from RLS

diagnostic criteria

Positional discomfort Not any rest position,

Mostly only one fixed

position

Relief by a position change,

not activity or alertness

Drug (neuroleptic)-

induced akathisia:

Not focal, occurs with/after

drug use

Painful legs and

moving toes;

Not nocturnal or

quiescegenic

Pain syndromes: Not quickly relieved by

movement

Sleep starts: Not quiescegenic, limited

to sleep onset

Nocturnal leg cramps: Not quickly relieved by

movement

Anxiety/psychiatric

states

Not relieved by movement

Closely related to stress

and mental status
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the natural occurrence of the RLS symptoms. The usual

number of days in aweek ormonthwith symptoms, theusual

time of onset of symptoms and the usual severity of symp-

toms when they occur. These clinical considerations should

be balanced with appraisal of the degree of activity of the

patient, since this modulates the symptoms occurrence. A

symptom and activity diary may be helpful for determining

these features of RLS. The second dimension involves

obtaining subjective andobjectiveassessments in conditions

known to provoke RLS symptoms. Symptoms during rest-

ing and sleep deserve special attention since these often

cause themost significant adverse effects. Total sleep times,

number of awakenings and the time to fall asleep should be

clinically evaluated. In addition, patients during resting and

sleep have distinctive periodic leg movements each lasting

about 1 to 10 s and occurring every 5 to 90 s (Zucconi et al.,

2006). These are generally considered to be abnormally

excessivewhen they occur in sleep at rates greater than 15/hr

for adults and5/hr for children (AmericanAcademyofSleep

Medicine, 2005). These also occur during the 60 minutes of

sitting awake, restingwith legs-stretchedout in aSIT and are

considered abnormal when the rate of occurrence is greater

than 12/hr (Michaud et al., 2002). Clinical severity of

symptoms relates reasonably well to the rate of PLMS

(Garcia-Borreguero et al., 2004; Allen and Earley, 2001),

and thus these motor signs of RLS provide a good objective

severity assessment, particularly useful for within-subject

evaluation of change with treatment or medical/environ-

mental conditions. Subjective rating of leg discomfort or the

urge to move during the resting periods, also provides a

useful evaluation of symptom severity. This has been done

on a simple visual analog scale during SIT tests, but could

also be part of a diary or a more general questionnaire on

RLS. RLS is primarily a sensory disorder, yet little attention

has been given to evaluation of its sensory symptoms.

Neither qualitative nor quantitative evaluationof the sensory

features of RLS has received as much attention or develop-

ment as that given to the motor features of RLS, such as the

PLMS and PLMW.

Three clinical scales have been developed and validated

for rating RLS severity. The Johns Hopkins RLS severity

scale was developed mostly for those with daily RLS

symptoms and is based upon the usual time of onset of

symptoms, either before noon, before evening (6 pm),

before bedtime or at or after bedtime (Allen and Earley,

2001). The IRL-6 scale emphasizes evaluation of common

symptom occurrence at different times of the day (Oertel

et al., 2006). Themost commonly used scale is the IRLSSG

RLS severity rating scale (IRLS), which has 10 items

covering both symptoms and life-impact of RLS (The

International Restless Legs Syndrome Study Group,

2003). Each item is rated as 0 to 4 and the scores are

considered to indicate symptom severity as mild for less

than 10, moderate for 11--20, severe for 21--30 and very

severe for 31--40. (The International Restless Legs Syn-

drome Study Group, 2003). A copy of the American

English version of the scale is available on the IRLSSG

web site (http://www.irlssg.org/), and versions for com-

mercial use in several languages are available from MAPI

research trust (http://www.mapi-research.fr/t_03_serv_

dist_user.htm). This scale can be administered by a trained

clinician repeatedly in any clinic setting, but the scale is not

designed to be completed by the patient without the clini-

cian reading the items and recording the patients response.

PREVALENCE

Estimates of prevalence of RLS have become somewhat

controversial. Two problems have distorted these esti-

mates. First, the methods used to identify those with RLS

have often relied upon a single, frequently non-specific

question, or a small set of questions, in a large population

survey, without any significant validation of the accuracy

for detecting those with RLS. Many of these surveys

commonly quoted for RLS prevalence did not even cover

the four basic diagnostic criteria. But even for the two sets

of survey studies with some diagnostic validation of the

questions used, the sensitivity and specificity of the ques-

tions were generally less than 90%, with an expected

positive predictive value of about 60% (Nichols et al.,

2003). This means that at least 40% of the patients identi-

fied in these surveys as having RLS symptoms did not have

RLS. The second problem with the surveys involves the

failure to separate any occurrence of symptoms for RLS

from those that would be considered clinically significant.

Thus, early indications for 15 to 20% prevalence for RLS

were both wrong and seriously misleading. Table 29.4

presents the prevalence estimates from general population

surveys using full diagnostic criteria for occurrence of any

RLS symptoms. The best estimates range from 7 to 10%

with 1.5--2 times as many females as males. As noted in

Table 29.4 prevalence may be less in southern European

countries and in Turkey. In one large population-based

study (n¼ 16 202), including the United States and five

European countries, the overall prevalence of any RLS was

7%. But the prevalence of clinically significant RLS (mod-

erately to severely distressing symptoms occurring at least

twice a week) was only about 3%, with still about twice as

manywomen asmen (Allen et al., 2005b) (See Table 29.4).

This 3% figure is closer to that previously estimated in early

clinical studies and is somewhat more consistent with

general clinical experience. Prevalence generally increases

with age, reaching a peak inmost studies between 50 and 70

years old and then for unclear reasons decreases in the

oldest age groups (see Figure 29.2). A somewhat smaller

(n¼ 701) prevalence study in a general population limited

to ages 50--89 years determined RLS status by a direct

clinical interview (Hogl et al., 2005). This better method
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found similar prevalence rates of 10.6% for any RLS with

5% for moderate and 2% for severe RLS, somewhat higher

than the clinically significant rates from the larger study,

but overall similar, given differences in ages, sample size

and criteria determining clinical significance.

Prevalence of RLS in children aged 8--17 has now been

determined using a careful structured telephone interview

for one child in each family from a large sample (n¼ 10

523) obtained from the United Kingdom and the United

States (Picchietti et al., 2007). Overall, about 2% of these

children met the pediatric criteria for diagnosis of RLS and

clinically significant RLS symptoms (moderately or se-

verely distressing symptoms occurring at least twice a

week) occurred for 0.5% of the children aged 8--11 and

1% of those aged 12--17. Unlike the adult sample, there

were no gender differences in prevalence.

Table 29.4 Prevalence of all RLS from general population-based surveys fromAmerica and Europe using the full
diagnostic criteria.

Ref. Location N
Age

range Method Min Sx frequency

Prevalence as % of population

All Female Male

Bjorvatna (2005) Norway-Denmark 2005 �18 Telephone

interview

Any life time 11.5 13.4 9.4

Berger (2004) North-East

Germany

4107 20--79 interview Any current 10.6 13.4 7.6

H€oglb (2005) South Tyrol 701 50--89 Interview Any life time 10.6 14.2 6.6

Ulfberg (2001) Sweden 140 18--64 Qstnr Any current ---- 11.4 ----

Ulfberg (2001) Sweden 2608 18--64 Qstnr Any current ---- ---- 5.8

Tisona (2005) France 10 263 �18 Interview Any life-time 9.1 ---- ----
Any past 12 mo 8.5 10.8 5.8

�weeklyc 4.5 5.5 3.2

Allen (2005) EU þUSA 15 391 �18 Interviewd Any life-time 7.2 9.0 5.4

�weekly 5.0 6.2 2.8

�2/wk þ distress 2.7 3.7 1.7

Sevimb (2003) Mersin Turkey 3234 �18 Interview Any past month 3.2 3.9 2.5

Qstnr¼Questionnaire completed by the subject.
aDiagnosis did not require leg paresthesia other than urge to move.
bDiagnosis included self-report of restlessness.
cEstimated after adjustment for sample lost before obtaining frequency data.
d Interview was face-to-face in Europe and by telephone in USA.
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Figure 29.2 Prevalence of clinically significant RLS by age and gender (from Allen, R.P. et al. (2005b) Restless legs

syndrome prevalence and impact: REST general population study. Arch Intern Med, 165, 1286–1292. Copyright � 2005,

American Medical Association).
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Only about 10--20% of those identified as having RLS

symptoms in these epidemiological studies had been

previously diagnosed with RLS. There remains a poten-

tially large unmet medical need for diagnosis and treatment

of RLS in the United States and Europe.

PATHOPHYSIOLOGY

Both the neurobiology and genetics of RLS have made

remarkable advances over the past few years and our

understanding of the biological basis for this disease has

led to some treatment advances. We now know that iron

deficiency is one major cause of RLS. All studies that have

evaluated CNS iron status have found it reduced in RLS.

The CSF ferritin is not only lower than normal, but the

relation between serum and CSF ferritin is affected so that a

normal level of CSF ferritin appears to occur only for very

high levels of serum ferritin, as independently reported by

both American and Japanese studies (Earley et al., 2000;

Mizuno et al., 2005) (see Figure 29.3). Similarly, imaging

studies usingMRI (Earley et al., 2006; Allen et al., 2001) or

ultrasound (Schmidauer et al., 2005) have shown reduced

iron status for the substantia nigra (see Figure 29.4).

Autopsy evaluations of the substantia nigra and putamen

have found reduced iron, H-ferritin and iron transport

proteins DMT1 and ferroportin (Connor et al., 2003;

Connor et al., 2004). One of the genetic studies found an

association between the gene for neuronal nitric oxide

synthase (nNOS) and the severity of RLS. nNOS is in the

pathway regulating DMT1 expression. Lower peripheral

iron both increases the risk of developingRLS (Akyol et al.,

2003) and, for RLS patients in general, makes the symp-

toms worse (Sun et al., 1998; O’Keeffe et al., 1994;

O’Keeffe, 2005b). Moreover, improving iron status re-

duces RLS symptoms both when done for those with low

serum ferritin (O’Keeffe et al., 1994) and even for some

with high serum ferritin (O’Keeffe, 2005b). Thus iron

status needs to be evaluated in all RLS patients and oral

iron treatment is certainly indicated for those with serum

ferritin less than 45--50mcg/L, and possibly all with late-

onset RLS (O’Keeffe, 2005a; O’Keeffe, 2005b). i.v. iron

treatment may also offer a future treatment for RLS, given

the limited absorption of oral iron (Earley et al., 2004), but

this treatment is experimental at this time and needs to be

reserved for those with clear iron deficiency that fails to

respond to oral iron or to patientswith gastrectomy-induced

ironmalabsorption (Tovey and Hobsley, 2000; Shiga et al.,

2006).

The dramatic response to dopaminergic treatment

strongly suggests a dopamine pathology in RLS, but the

nature or extent of this remains unclear. Brain imaging of

the striatum has produced conflicting results with dopa-

mine-receptor binding decreased in one PET and one

SPECT study, increased in one PET study and not signifi-

cantly changed in two SPECT studies. Dopamine trans-

porter evaluations were negative in three SPECT studies,
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but this has not been evaluated with the better spatial

resolution provided by current PET techniques. The animal

and cellular models of effects of iron deficiency on dopa-

minergic systems produced consistent, although somewhat

puzzling, results, indicating decreased striatal D2 receptors

and impaired DAT functioning (Erikson et al., 2001;

Nelson et al., 1997). These would indicate a possible

increase in extracellular dopamine and increased nigros-

triatal tyrosine hydroxylase activity. The puzzling question

becomes how to account for treatment benefits from in-

creased dopaminergic stimulation if the extracellular do-

pamine level is larger. One possible explanation would be

an increased amplitude of the circadian variation

compromising the adequacy of post-synaptic adaptation

to circadian variation. This could produce inadequate post-

synaptic sensitivity at the nadir of the dopamine circadian

cycle, during the evening and night-time when RLS symp-

toms are generally expressed. This post-hoc conceptuali-

zation explains the circadian pattern for RLS symptoms,

but at this time there are no clinical studies that would

support this concept. The autopsy study has shown in-

creased dopamine in the cells of the putamen and increased

tyrosine hydroxylase consistent with the patterns suggested

by the cellular and animal iron deficiency. Clearly the

nature of the dopamine pathology of RLS needs further

study. It even remains unclear which of the dopamine

systems contribute to the observed symptoms, but it seems

likely that the expression of this disorder will involve more

than a single DA system. Knowing the specific systems

most involved, however, probably offers little useful infor-

mation for developing treatments or understanding the

underlying pathology disrupting these systems.

One interesting aspect of the iron studies is the indication

that brain iron deficiency produces disturbances in systems

involving other neurotransmitters, including adenosine and

glutamate. These may indicate the basis for the treatment

benefits from gabapentin (Earley, 207) and may also point

to benefits from other treatments, such as adenosine an-

tagonists. The genetic factors contributing toRLS are likely

to show other factors besides iron contributing to develop-

ment of RLS, that may further our understanding of current

and possible future treatments for RLS.

GENETICS

The linkage studies of RLS have identified several chro-

mosomal loci for familiar RLS (Chromosomes 12q, 14q,

9q, 2q, 20p, 4q and 17p), but, to date, none of these studies

has led to identification of a particular gene related to RLS.

Two recent genome-wide association studies based on SNP

evaluations comparing RLS patients with large control

groups have, however, identified specific genetic variations

highly associated with RLS. One study using RLS patients

from Europe and Canada reported highly significant asso-

ciations between RLS and intronic variants in the homeo-

box gene MEIS 1 (chromosome 2p), the BTBD9 gene

encoding a BTB (POZ) domain (chromosome 6p), as well

as variants in a third locus containing the genes encoding

mitogen-activated protein kinase MAP2K5 and the tran-

scription factor LBXCOR1 (chromosome15q). Each ge-

netic variant was associated with a more than 50% increase

in risk for RLS, with the combined allelic variants confer-

ringmore than half of the risk. The findings of this carefully

done study were based on analyses of both an initial sample

of 401 familial RLS patients and 1644 subjects from a

population-based cohort and a replication study of 2903

sporadic and familialRLSpatients, and891 control subjects.

A second similar association study conducted on a well-

described population in Iceland also found a strong associ-

ation between RLS and an intron on the BTBD9 gene. That

Figure 29.4 R2� images in: (a) a 70-year-old RLS patient; (b) a 71-year-old control subject. Much lower R2� relaxation rates
indicating less iron are apparent in the RLS case in both red nucleus and substantia nigra. From Allen, R.P. et al. (2001) MRI

measurement of brain iron in patients with restless legs syndrome. Neurology, 56, 263–5. Copyright � 2008, Lippincott

Williams & Wilkins.
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study examined phenotype information for relation to the

allele of BTBD9 associated with RLS and reported that

both increased PLMS and decreased serum ferritin were

associated with occurrence of that allele. Curiously this

allelic variation showed no significant association for

RLS patients without PLMS, but did for subjects with

PLMS, independent of whether or not they were diagnosed

with RLS.

The biological meaning of these genetic findings re-

mains at this point largely speculative. The only findings

clearly suggesting biological factors associated with RLS

involve the phenotype relations reported in the Icelandic

study, that is, reduced iron status and increased PLMS. The

reduced iron status is consistent with documented neuro-

pathology of RLS patients. The significance of the PLMS

remains to be further evaluated.

MANAGEMENT

Management of RLS starts with consideration of, not only

the frequency and the time of day that RLS symptoms

occur, but also the nature of the symptoms reported by the

patient and the results of basic medical evaluation.

Figures 29.6--29.8 summarize treatment algoruthms based

on these considerations modified from that developed by

the medical advisory board of the American Restless Legs

Syndrome Foundation (Silber et al., 2004) Although a

relatively new field in movement disorders, nonetheless

some evidence has been developed supporting components

of these various treatments. The following first evaluates

the evidence and rationale supporting the recommended

treatment components and then presents some practical

guidelines for treatment of RLS.

Evidence and Rationale for Treatment Components

Medical Evaluation

For an RLS patient this minimally involves a physical and

neurological examination with particular attention to in-

dications for neuropathy. Tests should include a full iron

evaluation (see Table 29.5), CBC and fasting glucose or

HbA1C, if available. Mental status should include evalua-

tion for depression and anxiety disorders. A medication

history should be obtained. Given the well-established

relation between peripheral iron status and RLS (Sun

et al., 1998; O’Keeffe et al., 1994; O’Keeffe, 2005a), every

patient diagnosed with RLS should be presumed likely to

have an iron deficiency and thus the criteria for iron

deficiency can be set to match that from a population of

those referred for evaluation of anemia. The ROC curve for

such a population defining iron deficiency by bone marrow

aspiration indicates an optimal serum ferritin indicating

iron deficiency is about 45 to 50mcg/L (see Figure 29.5),

but notice that even a serum ferritin of 100mcg/L missed

nearly 10% of those with no iron in the bone marrow, as

indicated recently by an RLS case with a serum ferritin of

84with no iron in the bonemarrowwho had complete relief

from RLS from oral iron treatment (O’Keeffe, 2005b). An

important aspect of this case was an abnormally elevated

erythrocyte sedimentation rate (ESR) and such evaluation

could be considered with RLS patients, particularly if the

ferritin is above 50mcg/L. A percentage transferrin satu-

ration below 20% can also be considered to indicate likely

iron deficiency. An alternative might be the soluble trans-

ferrin receptors TR. An increase of the sTR reflects the

initial response of the body to iron deficiency (Chang et al.,

2007). The sTR has been reported to be a better marker for

iron deficiency than ferritin because it is independent of

inflammation, and has been used in RLS studies (Hogl

et al., 2005). However the high cost may limit its use. The

importance of iron evaluation cannot be over-emphasized.

Not only does it prove useful for treatment planning, but it

may uncover mortal disease, particularly colon cancer that

may be treated if caught early. Patients with presumed iron

deficiency should receive medical evaluation for possible

causes of the iron deficiency. They should generally be

placed on oral iron treatment, but since this treatment may

requiremanyweeks to be effective theywill usually also be

given other treatment for RLS, as appropriate.

Pharmacological Treatment

Four major types of drugs are currently used for treatment

of RLS: dopamine agonists and levodopa, gabapentin

and similar anti-convulsants, opioids and gabanergic

hypnotics.

Dopaminergic Treatment, Levodopa

Levodopa combined with a peripheral decarboxylase

inhibitor (benserazide or carbidopa) was the first dopami-

nergic medication shown in clinical cases to be effective in

treatment of RLS (Akpinar, 1982; Akpinar, 1987; Von

Table 29.5 Recommended laboratory Tests
for initial evaluation of RLS.

Morning fasting levels of:

CBC (Hgb, Hct, RDW in particular)

Glucose

HbA1C (optional)

Ferritin

Transferrin saturation

Total iron binding capacity

Total iron

C-reactive protein
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Scheele, 1986; Montplaisir et al., 1986). There have been

several small- to medium-sized double-blinded, placebo-

controlled trials demonstrating efficacy of 100--400mg of

levodopa (Benes et al., 1999; Brodeur et al., 1988; Saletu

et al., 2003) and one crossover study demonstrating greater

benefit for levodopa then either placebo or propoxyphene

(Allen et al., 1992; Kaplan et al., 1993). Levodopa with

benserazide was the first drug approved by a government

regulatory agency for treatment of RLS, but only inAustria,

Switzerland and Germany. It was found to be rapidly

effective with little adverse effects, except for the major

problem with augmentation noted below. The augmenta-

tion involved significant worsening of the RLS condition,

occurred in up to 80% of the patients treated and was

considered severe enough to warrant avoiding this medi-

cation for daily treatment of RLS (Allen and Earley, 1996b;

Earley and Allen, 1996).

Dopaminergic Treatment, Dopamine Agonists’

Recent treatment development has focused on the dopami-

nergicmedications and in particular the dopamine agonists.

Based on extensive clinical studies these generally provide

the first line of treatment and two in particular, pramipexole

and ropinirole have been approved for treatment of RLS by

local government agencies in the United States, most of

Europe and South Korea. The efficacy and safety of both of

thesemedications has beenwell established, based on sleep

laboratory studies showing reduction in PLMS (the move-

ment sign of RLS) (Allen et al., 2004; Partinen et al., 2006)

and multiple large (sample sizes for all studies with each

drug of about 1000) randomized, double-blinded, placebo-

controlled clinical trials lasting 6--12 weeks (Trenkwalder

et al., 2004a; Walters et al., 2004; Bogan et al., 2006;

Winkelman et al., 2006; Oertel et al., 2007), with extension

evaluations of duration of efficacy lasting 36--39 weeks

(Montplaisir et al., 2006; Trenkwalder et al., 2006). Both

drugs appear effective with minimal adverse effects and, in

some cases, dramatic clinical improvements. Both are

approved for treatment of moderate to severe RLS using

doses given 1--3 hours before bed (see Table 29.6 for dose

and titration schedules). Both drugs are predominately D2,

D3 agonists with little binding to D1. Ropinirole has a

shorter half-life of about six hours and may require increas-

ing the dose enough to ensure treatment efficacy continues

throughout the night, for patients who have some early

morning symptoms. Ropinirole is also liver metabolized,

primarily involvingCYP1A2 and should be used cautiously

for patients with hepatic impairment, but has been used

successfully in patients on dialysis (Pellecchia et al., 2004).

Dose adjustmentsmay be needed for patients on estrogen or

CYP1A2 inhibitors (e.g., diproflaxicin). Pramipexole has

in young adults a slightly longer half-life of about eight

hours, but given its renal excretion without significant

metabolism in the liver, the half-life becomes longer for

older individuals. Its use is not recommended for thosewith

severe renal impairment. Overall the choice of which of

these medications to use depends on consideration of the

differences in metabolism/clearance and, to some extent,

the desired duration of treatment benefit. For patients with

symptoms restricted to the first part of the night, the shorter

acting medication may suffice, for those with symptoms

starting before bedtime and continuing into the early morn-

ing, the longer-acting medication might be preferred. Both

of these medications have been officially approved for

single doses given 1--3 hours before bed, but, as noted

below, they are commonly used in divided doses whenRLS

symptoms present in the early evening or late afternoon; in
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general, it is recommended that the total daily dose not

exceed that approved by the regulatory agencies.

Several ergotamine dopamine agonists have been evalu-

ated for treatment benefit for RLS, pergolide (Earley and

Allen, 1996; Trenkwalder et al., 2004b), cabergoline

(Stiasny et al., 2000; Stiasny-Kolster et al., 2004; Oertel

et al., 2006), lisuride (Benes, 2006) and, in earlier years,

bromocriptine(Walters et al., 1988). Both pergolide and

cabergoline have been studied in reasonably large double-

blind, controlled studies. Since the ergotamine dopamine

agonists have been found, in general, to cause problems

with cardiac fibrosis and do not appear to have any particu-

lar advantage over other dopaminergic treatment, they are

not at this time considered a primary treatment for RLS and

have not been included in Table 29.6 listing dopaminergic

medications. However, it has been reported that fibrotic

cardiac valvulopathy is highly unlikely with lisuride. This

is based on the hypothesis that cardiac valve fibrosis is not

an ergot side affect, but related to 5-HT2B agonist effects of

the mentioned ergoline dopamine agonists. Lisuride, how-

ever, has 5-HT2B antagonist properties and a retrospective

database review did not find any reports of cardiac valve

fibroses and a low incidence of other fibrosis (Hofmann

et al., 2006). Given the delayed awareness for cardiac valve

fibrosis noted only years after therapy with pergolide, the

reliability of spontaneous reports must be interpreted with

caution.

Two newer dopamine agonists have been reported in the

literature and appear likely to be used for RLS treatment.

Rotigotine, a new dopamine agonist recently evaluated for

treatment of RLS, uses a patch delivery to provide 24-hour

dopamine treatment. Rotigotine has active binding on the

D1 as well as D2/D3 receptors. One moderate-size pilot

study (n¼ 63 divided into four treatment groups) showed

treatment benefits for higher doses of rotigotine compared

to placebo (Moller et al., 2003). Two large clinical trials

evaluating this treatment for RLS have been completed in

Europe and the United States. The reports of these trials as

presented at professional congresses indicate patients have

impressive improvements in clinical ratings, including a

significant proportion of patients reporting essentially

complete remission from all symptoms. In addition, ropi-

nirole has been made available in both a 24-hour and 14-

hour formulation. The latter, while specifically designed

for RLS, will probably not be available outside of the

United States and possibly South Korea. The 24-hour

ropinirole medication will likely be available for treatment

of Parkinson’s disease and could be used in some countries

“off label” forRLS. The reports presented at conferences on

the 14-hour formulation of ropinirole include data on

standard large-scale clinical trials and show it produces,

as expected, effective treatment over a longer duration than

the immediate release ropinirole, with about the same

adverse effects. This makes the 14-hour ropinirole duration

of treatment benefit somewhat longer than pramipexole for

younger adults, but the difference would be less clear for

older adults. Adverse effects are similar to other dopamine

agonists, except that the patch produces problems that are

usually mild, although a significant percentage of patients

have a bad skin reaction leading to discontinuing the

treatment.

Adverse Effects from Dopaminergic Treatments

The dopamine agonists, as a class, have been found to

commonly produce nausea that, while usually transitory,

becomes severe enough to require discontinuing treatment

in less than 5% of patients. Transitory headaches are also

commonly reported (up to 25% of patients), but lead to

discontinuing treatment in less than 3% of the patients

(Walters et al., 2004; Trenkwalder et al., 2004a)

(Winkelman et al., 2006). The somewhat less common,

but more significant adverse effects from the dopamine

agonists include peripheral edema and daytime sleepiness.

The peripheral edema reflects the mild vascular effects of

the agonist and may at times limit use of the mediations.

The daytime sleepiness problem has been documented to

occur for patients with PD accompanied with experiences

of sudden onset of sleepiness (Lang et al., 2002), but only

one such case has been reported for RLS patients and that

occurred when reducing the dose of pergolide (Bassetti

et al., 2002). Another survey indicated that while sudden

onset of sleep occurred for RLS patients it was somewhat

reduced by treatmentwith dopamine agonists (Moller et al.,

2006). Nonetheless, sleepiness occurred as an adverse

event in about 12--15% of patients in the large dopamine

agonist clinical trials (Walters et al., 2004; Trenkwalder

et al., 2004a; Winkelman et al., 2006). Problems of impul-

sive/compulsive behaviors with dopamine agonist treat-

ment of RLS have been reported for gambling (Evans and

Butzkueven, 2007; Quickfall and Suchowersky, 2007;

Tippmann-Peikert et al., 2007) and presumably occur for

other similar behaviors (e.g., nocturnal eating, hypersexu-

ality), as they do for dopamine agonist treatment of PD

(Nirenberg and Waters, 2006). Given the potential risk,

patients should be advised of this uncommon adverse

effect. Dopaminergic adverse effects noted for PD that

have not been reported for RLS include dyskinesias, pund-

ing, hallucinations and orthostatic hypotension. These dif-

ferences may reflect the lower doses used in RLS, or the

effects of the interaction of dopamine treatment and the

neuropathology of PD.

Augmentation with Medication Treatment of RLS

Augmentation of all RLS symptoms appears to occur for

some RLS patients treated with dopaminergic medications

or tramadol (Earley and Allen, 2006). Augmentation
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represents a worsening of the underlying RLS process, so

that all symptoms become worse to the point that they start

occurring earlier in the day and may have greater intensity

when they occur, with less duration of rest required to

engender them, and may involve more parts of the body.

(Allen and Earley, 1996b). A recent consensus conference

at the Max Plank Institute in Munich, Germany developed

the World Association of Sleep Medicine criteria

for clinical diagnosis of augmentation summarized in

Table 29.7 (Garcia-Borreguero et al., 2007). Augmentation

appears to occur more for shorter- than longer-acting

dopamine agonists (see Table 29.6).

Anti-Convulsants (Gabapentin and Carbamazepine)

Only specific anti-convulsants and not the entire class

provide effective treatment for RLS. Gabapentin is usually

well tolerated and several small open-label trials reported it

provided effective treatment (Mellick and Mellick, 1996;

Allen and Earley, 1996a; Adler, 1997; Happe et al., 2001).

One small (n¼ 24) double-blinded, placebo-controlled

crossover trial (Garcia-Borreguero et al., 2002) reported

that gabapentin provided effective treatment for about 73%

of the patients, with 18% showing mild benefit and 9%

showing no response. It was discussed that those with pain

associated with the RLS might have a better response to

gabapentin. Total sleep time, sleep efficiency and slow-

wave sleep showed significant increases for gabapentin

treatment. The gabapentin dose in this study was given

twice a day and the final dose average dose was 1855mg

with a maximum of 2400mg. The major limitation of this

medication is the markedly variable, and sometimes limit-

ed, absorption and the somewhat short half-life. In patients

on dialysis, the gabapentin dose has to be kept very low, for

example, 200--300mg/d, and is generally not recommended

for these patients.

A new“pro-drug” for gabapentin has recently been devel-

oped that stabilizes the drug absorption and prolongs avail-

ability of drug in blood, permitting once a day dosing.

Approximately 2mg of the gabapentin pro-drug provides

1mg of gabapentin in the blood. Treatment of RLSwith this

pro-drug has been evaluated in a small (n¼ 38) crossover

study with EEG sleep studies at fixed, divided doses of

600mg at 5 pm and 1200mg before bed, and in a modest-

sized (n¼ 95) parallel-group studywith random assignment

toplacebo,600mgor1200mgtakenwithfoodat5pmfortwo

weeks (Kushida, 2007). Both studies showed significant

treatment benefits, which were minimal for the lowest dose

of 600mg, but clinically significant and large for the higher

doses.Severalpatientsonthehigherdosereportedessentially

complete relief from their RLS symptoms. Sleep parameters

showedincreasedsleeptimes,increasedslow-wavesleepand

decreasedPLMS.Astandard large,double-blinded,placebo-

controlled, parallel-group trial evaluating this gabapentin

pro-drug has been completed, and preliminary results indi-

cate that it is effective and safe for treatment of moderate to

Table 29.7 World Association of Sleep Medicine and Max Plank Institute criteria for clinical diagnosis of RLS
augmentation.

Augmentation requires meeting conditions A and either B or C below

A. Symptoms considered consistent with augmentation must:

(1) occur 5 out of 7 d in a week

(2) not be accounted for by factors not related to continuing medication use, for example, change in medical status or

medication changes that exacerbate RLS

(3) have occurred with some indication of initial positive response to the dopaminergic treatment

B. Persisting (although not immediate) paradoxical response to treatment, for example, RLS symptoms worsen with

increasing dopaminergic dose soon after the dose was increased; RLS symptoms improve with decreasing dopaminergic

dose in a few days after the dose is deceased.

C. Usual time symptoms start each day occurs earlier than before treatment either:

(a) at least 4 h earlier

or

(b) at least 2 h earlier with one of the following:

(i) shorter latency to symptoms at rest than before starting treatment

(ii) involvement of parts of the body in the symptoms not or rarely affected before starting treatment

(iii) greater intensity of the symptoms when they occur than before stating treatment

(iv) shorter duration of relief from the treatment than experienced during the initial treatment phase.

Restatement of the criteria presented by Garcia-Borreguero, D. et al. (2007), Sleep Medicine, 8, 520--530. Copyright � 2007, Elsevier.
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severe RLS. It is not clear, however, if all subjects benefit

from this treatment, nor whether or not those with pain with

theirRLSwouldbenefitmore thanothers.At thispointwedo

not have extensive clinical experience using this drug with

RLSpatients,norhavethedatafromtheonelargeclinical trial

been published in a peer-reviewed journal. A small double-

blind placebo-controlled study with slow-release valproic

acidreportedsomebenefitscomparedtolevodopa(Eisensehr

et al., 2004).Carbamazepinewas the first anti-epileptic to be

evaluated in a very small crossover study (Lundvall, Abom

andHolm,1983) and then inamodest-size (n¼ 174)double-

blinded, placebo-controlled, parallel-group study, and both

studies showed treatment benefits. In current practice, how-

ever, carbamazepine does not play a major role in RLS

treatment.

Opioids

While it appears from several small studies and clinical

experience that all of the opioid analgesics provide some

therapeutic benefit for RLS, there have been no large

clinical trials evaluating RLS treatment with these drugs.

There have been several small open-label clinical reports

of RLS treatment benefits for oxycodone (Trezepacz,

Violette and Sateia, 1984), codeine (Kavey et al., 1988;

Trezepacz, Violette and Sateia, 1984), propoxyphene

(Walters et al., 2001), methadone (Ondo, 2005) and one

general report of longer-term treatment experience with a

wide variety of opioids (Walters et al., 2001). There is one

small (n¼ 11) randomized, double-blinded, crossover

trial evaluating RLS treatment with oxycodone compared

to placebo. The oxycodone dose ranged from 3 to 20mg/d

and the response to oxycodone compared to placebo was

much improved for six, somewhat improved for two and

there was essentially no improvement for three of the

subjects. Overall there is meager data to support the use of

the opioids for treatment of RLS. Safety is not established,

particularly in terms of problems of dependence and

possible respiratory suppression, especially during sleep

in the older RLS patients. Nonetheless, these medications

have become increasingly used as either an added medi-

cation or an alternate medication when the dopaminergic

treatment and gabapentin alternative fail to suffice for

RLS treatment (Walters et al., 2001), and some have

suggested that the longer-acting opioids, such as metha-

done can be used successfully when other treatments have

failed (Ondo, 2005). When choosing opioids for treat-

ment, preference is given to the substances with longer

plasma half-life, and transcutaneous treatment is an

option. There is some concern that all opioids are not the

same with regard to effectiveness in RLS treatment, but

results from comparative studies have to date only been

published in abstract form or presented at meetings

(Becker, 2005).

GABA Active Hypnotics

Benzodiazipines and other gaba-active hypnoticswere long

used for treatment of PLMS, although the sleep improve-

ment on these medications does not seem to be matched

with an equivalent reduction in rate of PLMS (Mitler et al.,

1986). Several studies have evaluated clonazepam for

treatment of PLMS with mixed results (Oshtory and Vi-

jayan, 1980; Peled and Lavie, 1987; Mitler et al., 1986;

Horiguchi et al., 1992; Edinger and Al, 1996), but there

have been only a few evaluating clonazepam treatment for

RLS. The small open-label studies report that clonazepam

improved RLS (Boghen, 1981; Matthews, 1979;Montagna

et al., 1984), but one small controlled crossover study found

no benefit for clonazepam compared to placebo (Boghen

et al., 1986). One study using SITs suggested that daytime

use of lorazepam actually increased PLMS compared to

placebo (Allen, Lesage and Earley, 2005a). Thus, while

there is no reason to assume these medications will not

improve the sleep of RLS patients and thereby provide

treatment benefit, there is no indication that they actually

provide any direct treatment for RLS. One interesting

report noted that the rather significant blood pressure

increases observed to occur with PLMS were not reduced

by temazepam (Ali et al., 1991), despite better sleep. Thus

the benefits from these medications may be limited to

decreased cortical arousal and better-maintained sleep.

They may have a major role to play as an add-on therapy

to improve sleep.

Iron Treatment

Despite studies relatingdecreased peripheral iron statuswith

both increased risk (Akyol et al., 2003) and increased

severity of RLS (O’Keeffe et al., 1994, Sun et al., 1998)

there have been few studies evaluating treatment benefits

from oral iron treatment. An open-label study by O’Keeffe

found two months of oral iron treatment reduced RLS

symptoms for patients with a serum ferritin below

45mcg/L (O’Keeffe et al., 1994). One double-blind study

failed to find any benefit for oral treatment of RLS, but also

had a short treatment period and involved mostly patients

with serum ferritin over 45mcg/L (Davis et al., 2000), so the

resultsarenot inconsistentwith thosefromO’Keeffe.Amore

recent double-blinded, placebo-controlled study included

subjects with serum ferritin below 45mcg/L and showed

significant reductions in RLS scores for those treated with

oral iron compared to placebo (Wang et al., 2006). The

literature includes case presentations of some patients with

indications for iron deficiency, who show remarkable im-

provement of symptoms over 2--6 months of treatment with

oral iron (O’Keeffe, 2005b). Thus despite general clinical

agreement on the value of iron treatment forRLS and a good

theoretical basis supporting this treatment we have little
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experimental data indicating efficacy of iron treatment for

RLS.

Intravenous iron treatment has been studied in two

open-label trials. Nordlander in the 1950s first reported

a series of 22 patients with 21 showing complete remission

of the RLS symptoms when treated with repeated doses of

about 200mg of a formulation of iron dextran (Nordlan-

der, 1953; Nordlander, 1954). A more recent open-label

study reported that a single dose of 1000mgof iron dextran

produced complete remission of the RLS for 6 of 10

patients. The duration of symptom relief varied consider-

ably from3 to over 36months (Earley et al., 2004).A small

placebo-controlled, double-blinded clinical trial of RLS

symptoms in patients on dialysis showed significant ben-

efits for a single i.v. dose of 1000mg of iron dextran

(n¼ 11) compared to placebo (n¼ 14) that lasted 2--4

weeks (Sloand et al., 1998). A more recent double-blind

trial failed to find benefit for a very slow infusion of a

single large (1000mg) dose of iron sucrose, but the data

suggest that this formulation of iron, when given in one

infusion has only minimal impact on CSF iron status

(Earley et al., 2008). The iron froma single dose of dextran

appears to be available for transport to the brain for several

days after the injection. The duration of the availability of

the iron for transport to the brain may be a critical factor to

consider in planning i.v. iron treatments. Overall, despite

the appeal of this treatment for RLS, we have only small

clinical trials suggesting that in some cases intravenous

iron may be an effective treatment, but we do not know

basic critical factors for successful i.v. iron treatment of

RLS. It is encouraging that none of the trials with either

oral or i.v. iron reported significant adverse effects. i.v.

iron using the high-molecular-weight dextran, however, is

known to produce life-threatening anaphylactic reactions

and should be used cautiously. Anaphylactic reactions

appear to be less of a problem for the low-molecular

weight dextran (Auerbach, Ballard and Glaspy, 2007;

Auerbach and Al Talib, 2008) and this formulation should

generally be preferred over the high-molecular weight

dextran. Anaphylactic reactions also appear to be very

rare for the alternate i.v. iron formulations (e.g., iron

gluconate, iron sucrose) (Kumpf, 2003)

Non-Pharmacological Treatment

Physical and mental activity must, by definition of the

syndrome, provide relief from RLS symptoms. This really

requires no experimental evaluation. Many other activities

have been reported by patients to provide symptom relief,

but none of these have been experimentally evaluated and

whatworksmay be largely idiosyncratic to the patient. RLS

probably represents a disorder expressed during quiet

resting state that permits sleep onset, but also for humans

a relaxed state for observation and contemplation. All

activities that appear to wake up or increase alertness also

appear to be helpful in reducing RLS symptoms.

Medications and Substances to be Avoided

A limited clinical trial with 12 RLS patients on dopami-

nergic treatment showed that diphenhydramine severely

exacerbates RLS symptoms and should be avoided (Allen,

Lesage and Earley, 2005a). Presumably all anti-histamines

that reach the brain will have this effect and should

be avoided for RLS. One very small study showed that

a dopamine antagonist given to untreated RLS patients

exacerbated the RLS symptoms, particularly the motor

symptoms (Winkelmann et al., 2001). In that same study

the opiate antagonist naloxone failed to exacerbate any

RLS symptoms. Dopamine antagonists that reach the brain

should, in general, not be used by patients with RLS. Most

anti-depressants are considered to exacerbate RLS, partic-

ularly SSRIs and also the SNRI venlafaxine, but there are

few experimental data supporting this position. Nonethe-

less these should be used with caution, if at all, with RLS

patients. The anti-depressants buproprion and trazodone

are considered not likely to exacerbate RLS symptoms, but

there are few experimental data supporting this clinical

impression.

Despite common reports that caffeine and nicotine

(tobacco use) should be avoided, there are no data with

the currently accepted diagnostic standards for RLS that

support this view. The stimulating action of these drugs

would be expected to provide transitory relief from RLS

symptoms, although there may be increased sleepiness and

RLS symptoms with chronic use or when the stimulate

effects are abating. In contrast, there is general clinical

agreement that low-dose alcohol with its sedative effects

significantly exacerbates RLS.

Practical Guidelines for Management

These are summarized in Figures 29.6--29.8, adapted, with

some modification from the algorithm for RLS treatment

developed by the medical advisory board of the Restless

Legs Syndrome Foundation (Silber et al., 2004)

General Major Considerations for Management

All RLS patients should be evaluated for iron status, and if

serum ferritin is less than 45--50mcg/l or % transferrin

saturation is less than 20%oral iron treatment can be started

using ferrous sulfate and 200mg of vitamin C. Treatment

decisions depend mostly on terms of the number of days

with symptoms and then the on time of day symptoms start.

All significant iron deficiency should be evaluated for

possible causes. Iron deficiency detected at RLS evaluation

has sometimes led to detection of gastrointestinal or
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other malignancies, when workup of iron deficiency was

performed. Particular attention should be paid to iron status

when RLS starts fairly abruptly as both nearly daily and

severe when present.

Possible medication use or medical causes of the RLS

should be evaluated, particularly if the RLS symptoms

started after age 45 and there is no family history of the

disorder. The age-of-onset of any RLS symptoms, although

sometimes hard to obtain from patients, still provides an

important guide to determining evaluation of possible

secondary causes. Medication uses that exacerbate or even

possibly engender RLS symptoms should be avoided, and

in particular the use of anti-histamines that reach the brain

should not be used by RLS patients. Most anti-depressant

medications (except buproprion) should be considered as

possible sources of exacerbating RLS. This appears to be

particularly the case for SSRIs and even more so for the

more activating venlafaxine. These should be removed or

reduced as much as possible.

All patient evaluations should cover five symptom fac-

tors relevant to treatment decisions: frequency (number of

days per week with symptoms), time during the day symp-

toms occur, severity of symptoms when present, degree of

sleep disturbance and the degree of pain associated with the

symptoms.

Iron Treatment, Special Management Considerations

Oral iron can be given in tablets containing 25--65mg of

elemental iron (e.g., iron sulfate); generally the larger

amount of elemental iron in the ferrous sulfate tablets is

preferred. Oral iron should be taken at a time that is two

hours after and one hour before meals, and should be taken

with 200mg of vitamin C. If the medication upsets the

stomach, it can be taken after a meal, but the amount of iron

absorbed will be less. The iron can be taken one to three

times a day, depending on the severity of the iron deficiency.

Always follow patients on iron with routine blood work at

Daily RLS

Non-
pharmacological

therapy

Low-potency
opioids

Dopamine
agonists

Gabapentin

Figure 29.7 Treatment for daily or nearly daily RLS (occurring at least twice a week).

Intermittent RLS

Benzo-
diazepines

Low-potency
opioids

Levodopa

Dopamine
agonists

Iron
replacement

Abstain from
alcohol

Consider effect
 of medications

 which may 
enhance RLS

Medications
Non-pharmacological

therapy

Figure 29.6 Treatment for intermittent RLS (occurring less than twice a week).
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about two months after starting treatment, and then

every 6--12 months, to detect possible hemochromotosis as

indicated by transferrin saturation at 60% or greater.

Once ferritin levels exceed 50mcg/L the oral iron can be

discontinued, but regular annual evaluations should include

serum ferritin and transferrin saturation tests.

i.v. iron treatment is not approved for RLS, but can be

considered for patients with significant iron deficiency

(e.g., serum ferritin< 17mcg/L) who cannot tolerate or do

not respond to a six-month trial of oral iron treatment.Before

starting treatment, patients should be carefully evaluated to

rule out sources of blood loss maintaining the iron deficien-

cy. Intravenous iron can be given as a series of two or three

treatments over a week, using either ferric gluconate or iron

sucrose. Current treatment choices include: 10mL of ferric

gluconate (Ferrlicit) (two packages of 62.5mg each; 125mg

of elemental iron) given by a slow i.v. push over 10--15

minutes or 5mL of iron sucrose (Venofer) (100mg of

elemental iron) given by a slow i.v. push over 5--10minutes.

(Silverstein and Rodgers, 2004). The series of two or three

treatments can be repeated if the serum ferritin or %

saturation remains abnormal. Do not start or continue this

treatment if the serum ferritin exceeds 50mcg/L or the %

transferrin saturation exceeds 40%.

Treatment Goals

These goals vary greatly between patients, but should

cover at least four factors: (i) reducing occurrence of

RLS symptoms and, in particular, any pain or discomfort

with the RLS; (ii)restoring the ability to rest and partake

in sedentary activities while awake; (iii) establishing

sleep with adequate duration and quality; (iv) reducing

daytime fatigue associated with RLS, if present,

although this may be largely improved with better

sleep.

Major Management Categories

Mild RLS

Patients who report mild or only somewhat annoying

symptoms may only require non-pharmacological treat-

ments. If the mild symptoms disturb them during unusual

periods of sustained rest, such as traveling long distances in

a car or plane, then consider treatment as described below

for intermittent RLS. If the mild symptoms present as a

problemmildly disturbing sleep, then consider possible use

of a gaba-active hypnotic. These medications promote

sleep, permitting the patient to acquire and maintain sleep,

despite occurrence of the symptoms. These medications

may actually make RLS symptoms worse if the patient

stays awake or wakes up after taking them, but if the patient

sleeps, the RLS symptoms may no longer be a significant

problem. Persisting leg movements not significantly

reduced by these medications may, however, disturb the

sleep of a bed partner.

Refractory RLS

Change to
gabapentin

Change to
another

dopamine
agonist

Add a GABA
hypnotic,
opioid or

gabapentin

Change to a
high-potency
long acting

opioid

DA augmentation

Earlier time for
DA dose

Keep dose <
approved

Consider longer
acting DA

Reduce or stop
DA, Use opioid or

gabapentin

Change to a high-
potency, Long
acting opioid

mild severe

Figure 29.8 Treatment for refractory or difficult RLS (failed to respond adequately or developed adverse effects from first

line treatment such as significant augmentation that limited effectiveness of the treatment).
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Intermittent RLS

Symptoms that occur less than twice a week can often be

managed with PRN (taken as needed) medications, either

levodopa (depending on the patients body weight, 100 or

200mg given in a single dose) or a low dose of a dopamine

agonist (because dopamine agonists usually need to be

titrated up slowly to avoid nausea, PRN doses higher than

0.18mg pramipexole or 0.5mg ropinirole should probably

be avoided). These patients may sometimes know the

situations in which they are likely to experience symptoms

and can be advised to take their medication about 30

minutes before that time for levodopa and about one hour

before for dopamine agonists. Non-pharmacological man-

agement can often benefit these patients. Activities to

maintain alertness will likely forestall symptoms occurring

during the daytime, although these are obviously counter-

productive at bedtime.

Daily RLS: Without Significant Pain

Dopamine agonists (see Table 29.6) provide the currently

accepted first-line treatment. If symptoms are only at or

after bedtime, then it may be adequate to use a single dose

about an hour before symptoms start. If the symptoms start

earlier in the evening or afternoon then a divided dose may

be appropriate with the first dose taken about one hour

before the usual time for symptoms to start. In this regard,

the patient needs to define the start of the time period when

they are at risk for developing RLS. The longer-acting

medications, once available, should permit taking a single

dose that will provide effective treatment for the entire time

the patient is at risk for RLS symptom occurrence. Alter-

nate medications that can be considered include the opiates

and gabapentin or the gabapentin pro-drug. The short-

acting opioids and gabapentin would need to be taken once

or twice a day, as needed to cover the time at risk for RLS.

The longer-acting opioids and the gabapentin pro-drugmay

be taken once a day to cover the time at risk for RLS.

Daily RLS: With Significant Pain

When RLS presents with pain either associated with the

RLS symptoms or because of neuropathy occurring, possi-

bly contributing to the onset or severity of RLS, then the use

of either gabapentin or the pro-drug for gabapentin could be

considered as an alternative to dopamine agonists as a first-

line treatment. Opioids are also an alternate choice here. In

such cases the medication may treat both the pain and the

RLS. This alternative deserves particular consideration for

pain from neuropathy, even though the neuropathy, in

general, has no relation to the RLS. The dopamine agonists

generally provide little relief for neuropathic pains. Pain

that appears as part of the RLS symptomsmay, however, be

adequately treated by either a dopamine agonist or gaba-

pentin drugs.

Daily RLS: Treatment Resistant

Therapy with one of the dopamine agonists, or with gaba-

pentin, used within the recommended dose limits may fail,

either because of unacceptable adverse effects or lack of

sufficient efficacy. Exceeding the dose limits is not re-

commended. This is particularly true for the dopamine

agonists, where it will likely lead to augmentation with

only transitory benefits for this or any subsequent increases

in dose. When adverse effects limit acceptance of a medi-

cation, consider using an alternate dopamine agonist or

changing type of medication. When the medication is

tolerated and provides some, but not sufficient, relief,

consider either adding or changing to another type of

medication. If treatment suffices for daytime symptoms,

but does not adequately improve sleep, then consideration

can be given to adding a gaba-active hypnotic. Concerns

regarding hypnotic treatment for intervals longer than a

monthmust be kept inmind, but do not appear to be asmuch

a problem for RLS patients as other patients with insomnia.

Psychophysiological insomnia may also co-exist with RLS

and persist after sufficient treatment of RLS. For psycho-

physiological insomnia (not due to RLS), behavioral treat-

ment strategies have been shown to produce very good

short- and long-term results. The importance of ensuring

adequate sleep needs to be emphasized and included in

treatment evaluation since sometimes the patient is satis-

fied with improved sleep, even when it remains less than

adequate. When daytime RLS symptoms persist, then

opioids are generally considered the best alternative medi-

cation. Formore severe cases, with frequent and distressing

RLS not adequately controlled by the first-line treatment,

the treatment of last resort is often the longer-acting opioids

such as methadone or the fentanyl patch.

Augmentation Management

Augmentation of RLS symptoms with treatment using a

dopaminergic medication or tramadol can be managed

either by adjusting the current medication dosage, adding

another type of medication or changing medications all

together. If augmentation occurs with a levodopa medica-

tion, always change to a dopamine agonist. If the current

medication is tramadol, change to another opioid. When

augmentation occurs with a dopamine agonist, then the

choices depend on the severity of the augmentation, the

current dose of the agonist and the time of day the RLS

symptoms are occurring. If the augmentation is mild to

moderate, the dose of dopamine agonist is not at the

maximum approved dose and the time of RLS symptoms
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remains in the late afternoon or evening, but not early

afternoon or morning, then the dopamine agonist dose may

be given in divided doses to cover the times of symptoms

and, if needed, may be increased. The dose should not

exceed that approved for treatment of RLS. If, however,

these conditions are not met, then an alternate medication

should be added or substituted for the dopamine agonists. In

most cases of moderate to severe augmentation, the dopa-

mine agonists should be discontinued gradually, after

starting the alternate medication.
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INTRODUCTION

Movement disorders in children constitute a broad spec-

trum ranging from normal developmental variations to

signs of serious degenerative diseases.Movement disorders

in children differ from those in adults in several important

aspects. The approach to movement disorders in children is

complicated by the impact of development on the capacity

of the nervous system to manifest signs and symptoms.

Furthermore, certain disorders only begin to manifest at

specific developmental stages or ages. The same illness

may present differently depending upon the age of onset of

symptoms. Detection of a progressive disorder may be

complicated by superposition of a progressive disorder on

the natural improvement of function that is expected

throughout childhood. Therefore, a child with a progressive

movement disorder may continue to develop new skills

despite falling further and further behind age-appropriate

behavior. The presence of a movement disorder may affect

the current and continuing development of the child’s

normal motor and cognitive abilities. Thus, an acute illness

may have developmental consequences that outlast the

duration of the injury itself.

It is important to recognize that movement disorders in

childhood are more likely to be secondary symptoms of

other diseases, rather than primary (Sanger, 2003; Sanger

et al., 2003; Schlaggar andMink, 2003). In adults, dystonia

and parkinsonism are usually due to primary dystonia or

idiopathic Parkinson’s disease, respectively. However,

dystonia or parkinsonism in children are more likely to be

features of an underlying static or progressive neurological

disorder. Diagnosis in children is complicated by the fact

that many symptoms have more than one cause, and any

particular underlying pathophysiology may lead to a com-

plex combination of symptoms. The diagnostic workup in

children is guided by symptoms, but the existence of a

large class of diseases that can lead to the same set of

symptoms often necessitates a broad etiologic workup.

There may be specific etiologic treatments, as well as

symptomatic treatments, both of which may be beneficial

in an individual child. In particular, many of the causes of

childhoodmovement disorders do not yet have any specific

treatment, yet symptomatic treatment for the resulting

movement disorder can be extremely helpful and lead to

improvement in quality of life.

Another distinction between movement disorders in

adults and children is thatmany adult neurological disorders

can be attributed to anatomically localized pathology, but

childhood disorders are frequently due to global or multi-

focal injury that may affect particular cell types, receptor

types or metabolic pathways. Therefore, in children, the

injury is often sparse, but global, with manifestations across

multiple areas of function, including sensorimotor and

cognitive functions.

DIAGNOSIS OF MOVEMENT
DISORDERS IN CHILDHOOD

Just as for adult movement disorders, classification of the

movement disorder based upon the spatial and temporal

pattern is essential for diagnosis. It is also important to

define the context in which the movements occur. It is

essential that the clinician see themovement abnormalities.

If the movements are not apparent during the neurological

examination, repeating the examination at another time, or

obtaining video recordings of the movements is essential.

The widespread availability of video cameras has substan-

tially improved the diagnosis of movement disorders in

children.

Most childhood movement disorders are characterized

by the presence of abnormal involuntary movements

(hyperkinetic disorders). Parkinsonism is much less com-

mon. Paroxysmal disorders are more common in children

than in adults and thus may be difficult to fully characterize

because the presence is intermittent and brief. Finally,

children are more likely to have disorders characterized by

multiple types of abnormal movement. This is particularly
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true of neurometabolic disorders that may present with a

combination of ataxia, chorea, dystonia and myoclonus for

example. Laboratory tests, imaging and other diagnostic

testing should be based on the specific movement disorder.

There is no “movement disorder workup,” since the causes

are varied and some movement disorders (e.g., tics) are

rarely symptomatic of an underlying disease.

A comprehensive discussion of movement disorders in

children is beyond the scope of this chapter. The most

commonly encounteredmovement disorders in children are

tics, tremor and the multiple movement disorders seen in

children with cerebral palsy. Metabolic disorders can also

cause movement disorders, but in those cases the treatment

is usually symptomatic for the specific movement disorder.

Treatment of chorea, tics, dystonia, myoclonus and tremor

are discussed in other chapters of this book. For specific

treatment of childhood metabolic disorders and cerebral

palsy, readers are referred to more comprehensive texts

(Lyon, Kolodny and Pastores, 2006; Maria, 2005; Singer

et al., 2005). Many specific movement disorders of child-

hood are discussed other chapters of this book. The remain-

der of this chapter will be devoted to the discussion of

movement disorders unique to early childhood, with an

emphasis on those that are developmentally determined and

likely to be transient.

DEVELOPMENTAL MOVEMENT
DISORDERS

The presence of a movement disorder in a child usually

raises concerns about an underlying serious, progressive,

degenerative or metabolic disease. However, many move-

ment disorders are benign and related to normal stages of

development. In fact, it may be difficult to justify the term

“disorder” in describing many of these movements. The

developing nervous systemmay produce a variety of motor

patterns that would be pathological in older children and

adults, but are simply a manifestation of CNS immaturity.

Like many of the neonatal reflexes (e.g., grasping, rooting,

placing, tonic neck reflexes), these motor patterns disap-

pear as neuron connectivity and myelination matures.

Examples include the minimal chorea of infants, the mild

action dystonia commonly seen in toddlers and the over-

flowmovements that are commonly seen in young children.

Other transient or developmental movement disorders may

be manifestations of abnormal neural function, but do not

correlate with serious underlying pathology. These are

typically associated with complete resolution of the abnor-

mal movements and ultimately normal development and

neurological function. Most of these conditions occur

during infancy or early childhood. It is important to recog-

nize these transient developmental movement disorders,

distinguish them from more serious disorders, and be able

to provide reassurance when possible.

Benign Neonatal Sleep Myoclonus

Benign neonatal sleep myoclonus is characterized by

repetitive myoclonic jerks occurring only during sleep

(Coulter and Allen, 1982; Paro-Panjan and Neubauer,

2008). In this condition, myoclonic jerks typically start in

the first week of life. The myoclonic jerks are typically in

the distal more than proximal limbs and more prominent in

the upper than the lower extremities. In some cases, jerks of

axial or facial muscles can be seen. The myoclonus can be

focal, multi-focal, unilateral or bilateral. The movements

can be rhythmic or non-rhythmic. Typically, the move-

ments occur in clusters of jerks at 1--5Hz over a period of

several seconds. An episode of jerking can last from a few

seconds up to 20min. Benign neonatal sleep myoclonus

typically diminishes in the second month, and is usually

gone before 10 months of age, but has been reported to

persist as long as three years in one patient (Egger, Gross-

mann and Auchterlonie, 2003). Ictal and interictal EEG are

typically normal. The movements are most likely to occur

during quiet (non-REM) sleep (Resnick et al., 1986).

Waking the baby causes the movements to cease. Episodes

of myoclonus can be exacerbated by treatment with ben-

zodiazepines (Reggin and Johnson, 1989). Treatment is not

required and neurological outcome is normal.

Benign Myoclonus of Early Infancy (Benign
Infantile Spasms)

Benign myoclonus of early infancy is characterized by

episodes of myoclonic spasms involving flexion of the

trunk, neck and extremities, in a manner resembling the

infantile spasms of West syndrome (Lombroso, 1990;

Lombroso and Fejerman, 1977). The myoclonic spasms

typically occur in clusters. In some cases they involve a

shuddering movement of the head and shoulders, and in

others the movements of the trunk and limbs are extensor.

There is no change in consciousness during the spells.

Unlike benign neonatal sleep myoclonus, the movements

in benign myoclonus of early infancy only occur in the

waking state. The onset of these spells is usually between

ages three and nine months, but they may begin in the first

month of life. The spells usually cease within two weeks to

eightmonths of onset (Maydell et al., 2001), butmaypersist

for 1--2 years (Lombroso, 1990). Both ictal and interictal

EEGs are normal, distinguishing this entity from infantile

spasms. Treatment is not required. Development and neu-

rological outcome are normal.

Jitteriness

Jitteriness is a movement disorder that is commonly

observed in the neonatal period. Jitteriness manifests as

generalized, symmetric, rhythmic oscillatory movements
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that resemble tremor or clonus. Up to 50% of term infants

exhibit jitteriness during the first few days of life, especially

when stimulated or crying. Jitteriness usually disappears

shortly after birth, but can persist for months or recur after

being gone for several weeks (Kramer, Nevo and Harel,

1994; Shuper et al., 1991). Persistent jitteriness has been

associated with hypoxic-ischemic injury, hypocalcemia,

hypoglycemia and drug withdrawal. Jitteriness is highly

stimulus sensitive. It can be precipitated by startle and

suppressed by gentle passive flexion of the limb. Unlike

seizures, there are no associated abnormal eye movements

or autonomic changes (Volpe, 1995). Idiopathic jitteriness

is usually associated with normal development and neuro-

logic outcome. The outcome of infants with symptomatic

jitteriness depends on the underlying cause. No treatment is

required.

Shuddering

Shuddering episodes are characterized by periods of rapid

tremor of the head, shoulders and arms that resemble

shivering (Kanazawa, 2000; Holmes and Russman,

1986). Onset is in infancy or early childhood, but can occur

as late as 10 years of age. The episodes last several seconds

and can occur up to 100 times/day. During a spell, there is

no change in consciousness. Ictal and interictal EEGs are

normal. The preservation of consciousness and normal

EEG distinguish this entity from seizures. Similarity to

benign myoclonus of early infancy has been suggested

(Kanazawa, 2000), but shuddering is better classified as

tremor than myoclonus. Shuddering episodes typically

abate as the child grows older. The prognosis for develop-

ment and neurological function is uniformly good. No

treatment is required.

Paroxysmal Tonic Upgaze of Infancy

Paroxysmal tonic upgaze of infancy is a disorder charac-

terized by repeated episodes of upward gaze deviation,

(Ouvrier and Billson, 1988; Ouvrier and Billson, 2005)

though downward gaze has also been reported (Wolsey and

Warner, 2006). Onset is usually in the first year of life. This

condition is characterized by episodes of variably sustained

conjugate upward deviation of the eyes that is often ac-

companied by neck flexion. The gaze deviation can be

sustained or intermittent during an episode. The typical

episode lasts for hours, but can persist for a few days.

Attempts to look downward are accompanied by down-

beating nystagmus. Horizontal eye movements are normal

during an episode. Spells may resolve with sleep and be

aggravated by fatigue or infection. There may be mild

ataxia during an episode.

Paroxysmal tonic upgaze is usually idiopathic, but has

been reported to have autosomal dominant inheritance. It is

uncommonly associated with structural lesions, but

reported conditions have included hypomyelination, peri-

ventricular leukomalacia, vein of Galen malformation or

pinealoma (Ouvrier and Billson, 2005). There is no specific

treatment, but there have been a few reports of improve-

ment with levodopa treatment (Ouvrier and Billson, 1988;

Campistol, Prats and Garaizar, 1993). Outcome is good in

most cases, but persistent ataxia, cognitive impairment and

residual minor oculomotor disorders have been reported

(Ouvrier and Billson, 2005).

Spasmus Nutans

Spasmus nutans is a condition beginning in late infancy

(3--8 months) that is characterized by a slow head tremor

(approximately 2Hz) that can be horizontal (“no-no”) or

vertical (“yes-yes”). The head movements are accompa-

nied by a small-amplitude nystagmus that can by dyscon-

jugate, conjugate or uniocular (Anthony,Ouvrier andWise,

1980).When the child is looking at an object, the nodding or

nystagmus may increase and if the head is held, the

nystagmus typically increases. These observations have

led to the suggestion that the head nodding is compensatory

for the nystagmus (Gottlob et al., 1992). Spasmus nutans

generally resolves within several months, but the majority

of patients continue to have a fine, sub-clinical, nystagmus

until at least 5--12 years of age (Gottlob, Wizov and

Reinecke, 1995). Long-term outcome for visual acuity is

good. No treatment is required.

Spasmus nutans must be distinguished from congenital

nystagmus (Gottlob et al., 1990). Congenital nystagmus

usually begins in the newborn period before six months of

age. Congenital nystagmus is usually bilaterally symmetric

where spasmus nutans is often asymmetric. Congenital

nystagmus persists beyond a few months. Visual acuity is

abnormal in about 90% of children with congenital nystag-

mus. While these features are useful in distinguishing

congenital nystagmus from spasmus nutans, some children

who clinically appear to have spasmus nutans at the time of

presentation, have been found to have retinal abnormalities

(Smith et al., 2000; Kiblinger et al., 2007). Neuroimaging

abnormalities, including tumor and aplasia of the cerebellar

vermis have been described in patients with spasmus

nutans, but this is an uncommon association (Kiblinger

et al., 2007;Unsold andOstertag, 2002; Kim, Park andLee,

2003). Routine neuroimaging in the absence of other evi-

dence for intracranial pathology has limited yield (Arnoldi

and Tychsen, 1995).

Head Nodding

Head nodding without accompanying nystagmus can

occur as paroxysmal events in older infants and toddlers

(Nellhaus, 1983). These head movements can be lateral
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(“no-no”), vertical (“yes-yes”) or oblique. The episodes

may occur several times a day. The frequency (1--2Hz) is
slower than that of shuddering. The movements do not

occur when the child is lying, but can occur in the sitting or

standing position. The movements typically resolve within

months, but can persist longer. Some children with head

nodding have a prior history of shuddering spells; others

may have a family history of essential tremor (DiMario,

2000). Developmental and neurological outcome are

benign in this condition. No treatment is required.

Benign Paroxysmal Torticollis

Benign paroxysmal torticollis is an episodic disorder start-

ing in the first year of life. It typicallymanifests as a head tilt

to one side for a few hours or days. Spells can last as little as

10 minutes or as long as two months, but this is uncommon

(Giffin, Benton and Goadsby, 2002). The torticollis may

occur without any associated symptoms, or may be accom-

panied by pallor, vomiting, irritability or ataxia. Episodes

typically recur with some regularity, up to twice a month

initially and becoming less frequent as the child grows

older. The spells abate spontaneously, usually by 2--3 years
of age but always by age five. The child is normal between

spells. Interictal and ictal EEGs are normal.

It has been suggested that benign paroxysmal torticollis

is a migraine variant (Al-Twaijri and Shevell, 2002). There

is often a family history of migraine. Some older children

complain of headache during a spell, and many children go

on to develop typical migraine after they have “outgrown”

the paroxysmal torticollis (Deonna and Martin, 1981;

Roulet and Deonna, 1988). Two patients with benign

paroxysmal torticollis have been reported from a kindred

with familial hemiplegic migraine linked to a CACNA1A

mutation (Giffin, Benton and Goadsby, 2002). Few data

exist on treatment of benign paroxysmal torticollis. Treat-

ment is rarely indicated, since the episodes are generally

brief and self-limited. Some clinicians provide a trial of

cyproheptadine as a migraine prophylactic agent.

The differential diagnosis is broad, and diagnosis of

benign paroxysmal torticollis is one of exclusion. Torticol-

lis can be seen as an acute dystonic reaction to medication,

as a symptom of a posterior fossa or cervical cord lesion or

cervical vertebral abnormalities. In the case of structural

lesions, the torticollis tends to be persistent and not parox-

ysmal. Torticollis can also be a sign of IVth nerve palsy.

Congenitalmuscular torticollis is present frombirth, is non-

paroxysmal, and is associated with palpable tightness or

fibrosis of the sternocleidomastoid muscle unilaterally.

Benign Idiopathic Dystonia of Infancy

Benign idiopathic dystonia of infancy is a rare disorder

characterized by a segmental dystonia, usually of one upper

extremity, that can be intermittent or persistent (Deonna,

Ziegler and Nielsen, 1991; Willemse, 1986). The syndrome

usually appears before fivemonths of age and disappears by

one year of age. The characteristic posture is of shoulder

abduction, pronation of the forearm and flexion of the wrist.

The posture occurs when the infant is at rest and goes away

completely with volitional movement. Occasionally, both

arms, an arm and leg on one side of the body, or the trunk can

be involved. In some infants the posture is only apparent

with relaxation or in certain positions. In others it may be

present during all waking hours. The rest of the neurological

examination is normal and the developmental and neuro-

logic outcome is normal. Exclusion of progressive dystonia,

brachial plexus injury, infantile hemiplegia and orthopedic

abnormalities is important, but can be based on history and

examination. Effective treatment has not been described, but

reassurance is often sufficient since the outcome is normal.

Posturing During Masturbation

Masturbation is a normal behavior that occurs in the

majority of both boys and girls. While masturbation occurs

at all ages and has even been observed in utero, it is most

common at about four years of age and during adolescence

(Leung andRobson, 1993).Masturbation in young children

may involve unusual postures or movements (Bower,

1981), which may be mistaken for abdominal pain or

seizures (Fleisher and Morrison, 1990). Masturbatory

movements in boys are usually obvious to the observer

due to direct genital manipulation. In girls, they are more

subtle and often involves adduction of the thighs, or sitting

on a hand or foot and rocking. When the movements are

accompanied by posturing of the limbs they are often

mistaken for paroxysmal dystonia. Several characteristic

features of masturbating girls who present for diagnosis

have been identified (Fleisher and Morrison, 1990; Mink

and Neil, 1995; Yang et al., 2005): (i) onset after two

months of age and before three years of age; (ii) stereotyped

posturing with pressure applied to the pubic area; (iii) quiet

grunting, diaphoresis or facial flushing; (iv) episode dura-

tion of less than a minute to several hours; (v) no alteration

of consciousness; (vi) normal findings on examination;

(vii) cessation with distraction or engagement of the child

in another activity. Unnecessary diagnostics test are com-

monly performed before the true nature of the behavior is

recognized. No imaging or laboratory evaluation is re-

quired if the movements abate when the child is distracted,

the movements involve irregular rocking, the child remains

interactive, there is some degree of volitional control, direct

genital stimulation is involved and the neurologic and

physical examinations are normal. There appears to be no

association with sexual thoughts in the child. Instead, it is

probably better to view these movements on the spectrum

of other self-comforting behaviors such as thumb sucking
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or rocking, which have no concerning connotations for the

parents (Mink and Neil, 1995; Yang et al., 2005). Mastur-

bation is a normal human behavior, so there is no expecta-

tion that this behavior will cease as the child grows older.

However, the frequency of the behavior usually decreases

as the child gets older and the behavior is less likely to

occur under the observation of the parents. Neurological

and developmental outcome is normal. No treatment is

required, but it is important to educate the parents about the

behavior. Reassurance for the family is the key to man-

agement, with redirection should the behavior prove em-

barrassing for the family or occur in public (Leung and

Robson, 1993; Fleisher and Morrison, 1990; Yang et al.,

2005). The parents should be educated that this is a normal

behavior resulting from random exploration of the body by

the infant.

Transient Tic Disorder

Transient tic disorder is a disorder of childhood with one or

several tics that are indistinguishable from the tics of chronic

tic disorder, but that last only several months. The diagnosis

is made in retrospect, since only with complete resolution

can this be distinguished from a chronic tic disorder or

Tourette syndrome. Transient tics can occur at anytime

during childhood, but aremost commonly seen in pre-school

and primary-school age children. Approximately 10% of

childrenmayhave a transient ticor tics (Robertson, 2003). In

most cases, transient tics do not require treatment. If the tics

cause impairment or distress, medical treatment may be

indicated. Medications for treatment of transient tics are the

same as those used for treatment of tics in Tourette syn-

drome (seeChapter 24). The cause is unknown, but transient

tic disorder has been reported in members of a large kindred

with Tourette syndrome, suggesting that transient tic disor-

der is a possible expressionof theTourette syndromegene(s)

(Kurlan et al., 1988). Once the tics have resolved, they

usually do not recur and long-term prognosis is excellent.

SUMMARY

Movement disorders in childhood can be complex and

worrisome. However, many conditions appear to be devel-

opmentally determined and have a uniformly good out-

come. Recognition of these conditions in young children is

important, to avoid unnecessary invasive testing and undue

parental anxiety. Direct observation of the movement is

essential, as is consideration of the developmental context.
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INTRODUCTION

The evaluation of patients with a suspected psychogenic

etiology is one of the most difficult tasks for a practicing

neurologist. Patients do not want to be told that the diag-

nosis is “psychological,” there is no confirmatory “test” to

prove that the patients are psychogenic (although there is

support through neurophysiology in psychogenic myoclo-

nus and tremor) and the diagnosis is based largely on the

clinical experience of the evaluating neurologist. There is

always concern for possible litigation in relation to this

diagnosis and often these patients are in the process of

obtaining or are currently on disability secondary to their

condition. The diagnosis of a psychogenic movement

disorder (PMD) should only be made in circumstances

where the neurologist has specialty training in movement

disorders and after other etiologies have been excluded.

EPIDEMIOLOGY

Patients with psychogenic movement disorders are seen in

1--9% of admissions to neurological units (Bhatia and

Schneider, 2007; Shill and Gerber, 2006; Hinson and

Haren, 2006). In movement disorder specialty clinics, this

number has been reported to be around 2--3%, but is as high

as 25% in a tertiary referral center (Miyasaki et al., 2003).

The type of movement disorder seen varies somewhat, but

generally tremor and dystonia are themost common. In one

series of over 500 patients, the movements seen were as

follows: tremor (39.8%), dystonia (40.6%), myoclonus

(17.2%), tics (4.3%), parkinsonism (3.2%), other dyskine-

sias (1.5%) and chorea (0.6%) (Kim, Pakiam and Lang,

1999). There is a female preponderance (67--81%) and

PMDs are more common in younger individuals with a

mean age of 44 years (Thomas and Jankovic, 2004). In

10--15% of patients there is an associated organic neuro-

logical diagnosis (Kim, Pakiam and Lang, 1999; Hinson

and Haren, 2006). Psychiatric diagnoses are commonly

seen in PMD and in one series of 42 patients, 38% had

anxiety and 19.1% had major depression (Feinstein et al.,

2001). Prognosis is generally poor, with up to 90% of

patients continuing to have abnormal movements (Feinstein

et al., 2001), and a similar poor prognosis has been seen

in functionalweakness and sensory disturbances in a follow-

up of 12 years (Stone et al., 2003b). Factors that are positive

prognostic indicators include a short duration of illness, the

presence of an underlying psychiatric illness (anxiety or

depression) and when there is a specific trigger that can

be identified (Bhatia and Schneider, 2007; Hinson and

Haren, 2006).

DIAGNOSTIC CRITERIA

There are four levels of diagnostic certainty, as described

by Fahn and Williams (Fahn and Williams, 1998):

1. Documented PMD: the movements are relieved by

psychotherapy, psychological suggestion (including

physical therapy) or the administration of placebos,

or the patient must bewitnessed to be free of symptoms

when supposedly unobserved.

2. Clinically established PMD: themovements are incon-

sistent over time, or incongruent with the classical

symptomatology (i.e., a patient complaining of pos-

turing of the limb resists passive and active movement,

but easily grooms himself daily). In addition, one or

more of the following are present: other neurologic

signs that are definitely psychogenic (false weakness

or sensory findings and self-inflicted injuries), multi-

ple somatizations or a documented psychiatric illness.

3. Probable PMD: the movements are inconsistent or

incongruent with the classical disorder, but other fea-

tures in support of psychogenicity are lacking.

4. Possible PMD: a suspicion for a psychogenic basis for

the movements is based only on the presence of an

obvious emotional disturbance.
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Additional criteria proposed by Shill and Gerber (Shill

and Gerber, 2006) included excessive pain or fatigue,

the patient’s previous exposure to neurological disease

(disease modeling) and the factor of secondary gain.

PMDs pose an especially troubling problem for the

neurologist. Many different treatments have been pro-

posed, but treatment response is variable and prognosis is

poor. An evaluation with a psychiatrist is imperative to

establish any underlying element of anxiety, depression or

other psychiatric disorder that can be treated with appro-

priate medications. In conjunction with medical treatment,

additional care can be provided through rehabilitation

medicine (physical therapy and occupational therapy) and

psychotherapy. Alternative treatments, such as biofeed-

back, hypnosis and acupuncture have been proposed, either

in conjunction with or as a primary form of treatment (see

Figure 31.1) There are no double-blind, placebo-controlled

clinical trials in this area and evidence for treatments is

largely based on case reports or is anecdotal.

Neurological Evaluation of the Patient

History

On evaluation of the patient, there are multiple “red flags”

in the history that can point to a psychogenic etiology

(Table 31.1). The onset of symptoms is generally abrupt

and often the symptoms may come and go in severity,

possibly even remitting at times (Kim, Pakiam and Lang,

1999). The course of PMDs tends to be static, rather than

progressive, as seen in degenerative disorders (Fahn and

Williams, 1998; Miyasaki et al., 2003). However, patients

may note that their symptoms get acutely worse when they

are under stress. Often, prior to the onset of symptoms, there

is a specific trigger, such as an accident or work-related

injury (Bhatia and Schneider, 2007). Co-morbid soma-

tizations are commonly seen and include unexplained

gastrointestinal symptoms (nausea and vomiting), sexual

dysfunction, unexplained sensory loss and pain. In addi-

tion, underlying psychiatric diagnoses are often found. Of

these, the most common appear to be depression, anxiety

and other conversion disorders. Another finding is pro-

nounced fatigue in many patients (Bhatia and Schneider,

2007). Anecdotally, we have found in our clinic that many

patients specifically state that fatigue is a result of the

excessive amount of the movement that occurs. This is an

interesting aspect, since generalized fatigue is reported in

patients with underlying organic movement disorders, but

usually there is no fatigue reported in correlation with the

specific movement itself. PMDs are more commonly re-

ported in health professionals and those that have been

witness to other family or friends with a neurological

condition (Bhatia and Schneider, 2007). This suggests a

role for disease modeling in this group of patients.

Examination

On examination there are additional criteria that are often

seen (Table 31.1). The salient feature to describe the

examination is inconsistency. The movements themselves

usually vary in amplitude, frequency and duration. At

times, the movements may stop completely, especially

with distraction. They may also increase when attention

is paid to the movement (Schrag and Lang, 2005). The

movements are often bizarre and not consistent with any

previously described neurological condition. Additional

findings on examination can include false weakness and

Neurological evaluation 

Psychiatric evaluation 

Treatment of underlying psychiatric diagnosis with anti-
depressant, anti-anxiety and/or anti-psychotic medications

Alternative methods:  
biofeedback, hypnosis, 

acupuncture 

Physical therapy, 
occupational therapy Psychotherapy 

+/-  +/- +/-

Figure 31.1 Treatment approach.

480 PSYCHOGENIC MOVEMENT DISORDERS



non-physiological sensory loss (Factor, Podskalny and

Molho, 1995). This is discussed in more detail below. In

general, the disability reported by patients is out of propor-

tion to the examination findings. Often, patients struggle on

the examination, as manifest by grimacing, sighing or

looking exhausted. When they attempt to perform minor

movements, they may use their whole body to do this and

seem to put in more effort than is actually required (Bhatia

and Schneider, 2007).

TYPES OF PSYCHOGENIC MOVEMENT
DISORDERS

Any type of movement can be present on the examination.

Most commonly seen are tremor and dystonia, as reported

by several groups (Thomas and Jankovic, 2004; Factor,

Podskalny and Molho, 1995; Hinson and Haren, 2006).

Other diagnoses include myoclonus, parkinsonism, gait

disorders and tics. These conditions may occur alone or

patients may have multiple movements present.

Tremor

The most common site for tremor is the hand (84%),

followed by the leg (28%) (Thomas and Jankovic, 2004).

Frequency of the psychogenic tremor is usually less than

6Hz and the examination shows variability in frequency

and amplitude. When attention is drawn to the tremor, the

amplitudemay increase, andwith distraction it is decreased

and may resolve completely (Bhatia and Schneider, 2007).

The tremor can be present at rest, posture, intention or

in combination and may be exhausting for the patient

(Thomas and Jankovic, 2004). Themost consistent findings

to separate a psychogenic cause of tremor from organic

tremor are the presence of the co-activation sign and the

absence of finger tremor (Deuschl et al., 1998). The

co-activation sign can be tested at the bedside by noticing

an increased tone in associationwith the tremor. However,

once the tremor disappears, the tone normalizes. In

some patients, this finding can be demonstrated on

electromyography by tremulous free co-activation of

antagonist muscle prior to the onset of tremor (Deuschl

et al., 1998). An additional finding that can be seen on

examination, and proven with tremor physiology, is en-

trainment. This occurs when the patient taps one of the

hands at a specified frequency. A psychogenic tremor will

slow down or speed up based on the frequency tested. An

additional bedside test includes having the patient per-

form a quick ballistic movement with one hand while the

opposite hand is held in the position where the tremor is

most prominent. There should be a significant reduction in

the tremor amplitude or complete cessation of the tremor

when the underlying etiology is psychogenic. In contrast,

patients with Parkinson’s disease and essential tremor will

not have any change in their tremor (Kumru et al., 2004).

In the laboratory, neurophysiology testing can be very

helpful in this group of patients. Surface electromyography

recordings can give an accurate estimation of the frequency

and amplitude of the tremor. In addition, the tremor can be

evaluated in rest, posture and with a kinetic position of the

hands. In accordance with the bedside examination, the

tremor of a psychogenic patient often shows great variabil-

ity in amplitude and may be present in multiple positions.

Specific taskswithweighting andentrainment canbe tested.

Most patients with a psychogenic tremor will have an

increase in their tremor amplitude with Weighting,

(Deuschl et al., 1998). In contrast, patientswith exaggerated

physiological or pathological tremors showa decrease or no

change with weighting, respectively. Testing entrainment,

Table 31.1 Clues to the diagnosis of psychogenic
movement disorders (Fahn and Williams, 1998;
Miyasaki et al., 2003).

A. Historical

1. Abrupt onset

2. Static course

3. Spontaneous remissions

4. Obvious psychiatric disturbance

5. Multiple somatizations

6. Employed in health profession

7. Pending litigation or compensation

8. Presence of secondary gain

9. Young age

B. Clinical:

1. Inconsistent character of movement (amplitude,

frequency, distribution, selective ability)

2. Paroxysmal movement disorder

3. Movements increase with attention or decrease with

distraction

4. Ability to trigger or relieve the abnormal movement

with unusual or non-physiological interventions.

(e.g., trigger points of the body)

5. False weakness

6. False sensory complaints

7. Self-inflicted injuries

8. Deliberate slowness of movements

9. Functional disability out of proportion to exam

findings

10. Movement abnormality that is bizarre, multiple or

difficult to classify

C. Therapeutic responses

1. Unresponsive to appropriate medications

2. Response to placebo

3. Remission with psychotherapy
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psychogenic patients have entrainment of the tremor

(O’Sulleabhein and Matsumoto, 1998) or an inability to

tap at the required frequency (Zeuner et al., 2003). Again,

this is in contrast to patients who have underlying essential

tremor or Parkinson’s disease, where the tremor frequency

does not change with this task.

Dystonia

Psychogenic dystonia can be an especially difficult diag-

nosis tomake, as there is no confirmatory physiology test. It

is important to be familiar with the features of organic

dystonia to make this diagnosis. Features suggestive of a

psychogenic etiology include presence of the dystonic

posturing at rest, abrupt onset, involvement of the leg or

foot in an adult and spontaneous remissions (Thomas and

Jankovic, 2004). In addition, this group of patients often

exhibits inconsistent bizarre posturing that changes during

the course of the examination (Shill and Gerber, 2006). An

organic etiology is suspected in patients who have a child-

hood onset, steadily progressive course, exacerbation by

movement and a good response to dopamine (for dopa-

responsive dystonia). For focal dystonias, the presence of a

sensory trick is suggestive of an organic etiology (although

this can be present in psychogenic cases as well) (Shill and

Gerber, 2006).

Parkinsonism

The tremor of psychogenic parkinsonism occurs in rest

and in posture without the brief pause during the transition

between states. Other features of psychogenic tremor

described above may also be present. The rigidity present

in this group of patients is not a true rigidity, but an

inability to relax and resembles voluntary movement

(Miyasaki et al., 2003). The slowness in these patients is

inconsistent over different portions of the examination and

often these patients expend a great deal of effort to do a

minor task (Thomas and Jankovic, 2004). Gait is usually

stiff and the arm may have an unusual posture. Testing of

postural stability shows an exaggerated response, such as

flailing of the arms upward, strong retropulsion with a

minor pull and no falls (Miyasaki et al., 2003; Thomas and

Jankovic, 2004).

Myoclonus

The presentation of psychogenic myoclonus can be vari-

able in distribution, presenting in a generalized, segmental

or focal pattern. It usually occurs at rest and commonly

increases with movement (Shill and Gerber, 2006). The

character of the movements is inconsistent in frequency,

amplitude and duration and many patients may experience

periods of remission from hours to days (Thomas and

Jankovic, 2004).

Physiology studies may be very helpful in patients in

differentiating psychogenic vs organic myoclonus. EMG

activity with a mean duration of <70ms is likely to be

organic. Patients with stimulus sensitive myoclonus (tap-

ping a specific muscle or area produces jerks) of a psycho-

genic nature show variability and a long latency to the onset

of jerking after the stimulus occurs (Thomas and Jankovic,

2004). One of the most helpful aspects of physiology is the

evaluation for the Bereitschaftspotential (BP). The pres-

ence of a BP occurs prior to normal voluntary movements

and is also present with psychogenic myoclonus. This

evaluation is performed by a technique called jerk lock

averaging where the myoclonic jerks are time locked with

activity on an electroencephalogram. A BP is present when

there is a slow negative slope of activity in the one to two

seconds preceding the movement. If a BP is found, this is

very helpful in diagnosing psychogenic myoclonus, as this

is not seen in cortical myoclonus. However, if it is not

found, the etiology is still in question. ABP can be absent in

normal subjects (Shibasaki and Hallett, 2006).

Gait

Psychogenic gait can be found in isolation or in combina-

tion with other psychogenic movement disorders. As in

other PMDs, the gait disturbance presents with inconsis-

tency on the examination, unusual phenomena and findings

that contradict another neurological diagnosis. In one

study, there were six characteristic features of psychogenic

gait that were present in 97% of patients. These included:

fluctuation of impairment, excessive slowness of move-

ment, psychogenic Romberg, walking on ice, uneconomic

postures with wastage of muscle energy, and sudden buck-

ling of movements, either with or without falls (Sudarsky,

2006). Another study compared patients with psychogenic

gait disorder in isolation vs a psychogenic gait in combi-

nation with other psychogenic movements. In pure psycho-

genic gait, the most common feature was buckling of the

knee, followed by astasia-abasia. In a mixed psychogenic

gait, the most common pattern was slowing of gait,

followed by a dystonic type of gait (Baik and Lang,

2007). Recently, the “chair test” has been proposed as a

way to help evaluate patients with psychogenic gait (Okun

et al., 2007). For this test, patients are asked to sit in a swivel

chair and propel the chair forward and backward. PMD

patients were compared with control subjects who had a

diagnosis of Parkinson’s disease ormultiple systematrophy

with an associated gait abnormality. Almost all of the PMD

patients were able to propel the chair forward well even

though they had abnormalities in their gait. The control

subjects, however, had the same amount of difficulty

moving in the chair as they did with walking.
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PSYCHOGENIC FINDINGS IN THE
NEUROLOGIC EXAMINATION THAT MAY
BE PRESENT IN THE PSYCHOGENIC
MOVEMENT DISORDER PATIENT:
(TABLE 31.2)

1. Mental status exam: this part of the examination should

be normal. However, severely depressed or anxious

patients may have difficulty concentrating.

2. Speech: the sudden onset of a speech disorder without

radiological findings (stroke) and normal laryngosopic

exam should prompt the clinician to consider a psy-

chogenic etiology. Usually thiswill present either post-

virus or post-trauma and may be a reaction to an event,

such as profound loss, death or shock. Patients can

present with a variety of complaints, including, but not

limited to, total loss of voice, whispering, continuous

high pitched voice, high pitched voice with breaks and

low pitched, coarse or monotone voice (Baker, 1998).

In addition, there is a case report (Verhoeven et al.,

2005) and we have seen a patient in our clinic who

developed a “foreign accent syndrome” thought to be

of psychogenic origin.

3. Cranial nerve examination: psychogenic ophthalmo-

logic syndromes may be present in the psychogenic

movement disorder patient. Possible findings include:

convergence spasm (Suzuki et al., 2001), ptosis, partial

or complete blindness and tunnel vision (Shaibani and

Sabbagh, 1998). Convergence spasm is manifest by

transient periods of convergence, miosis and accom-

modation. In general, this is thought to be a finding in

psychogenic patients. However, this finding has been

reported in other conditions, including tumors of the

posterior fossa, prior head trauma, Arnold Chiari mal-

formation, and in vestibulopathy (Dagi, Chrousos and

Cogan, 1987). Ptosis can have many different causes;

however, an important finding at bedside of a psycho-

genic ptosis includes unilateral depression of the ipsi-

lateral eyebrow when the patient is asked to open their

eyes. This is in contrast to a patient with an organic

condition where the unilateral eyebrow will be elevat-

ed.Mono-ocular or binocular blindnessmay be another

complaint. A bedside test that can be performed for

further evaluation is the mirror test. The clinician can

hold a mirror in front of the patient and tilt it from side

to side. Humans will either look away from the mirror

or follow it reflexively when it is placed in front of

them (Shaibani and Sabbagh, 1998). Finally, tunnel

vision may be an associated complaint in this group of

patients. This is psychogenic when the visual field

remains the same regardless of the distance tested. In

contrast, funnel vision (an organic condition) will have

visual fields that expand in inches proportionate to the

distance viewed. This can be evaluated with formal

visual field testing.

4. Strength examination: the tone examination should

be normal, but the examiner may find it difficult for

the patient to relax, which may give a false impression

of increased tone. On the strength exam, it is important

to look for inconsistency. An example is when the

patient appears weak on the examination, but is able to

walk across the room without difficulty, or vice versa

(Factor, Podskalny and Molho, 1995). Specific signs

may include give-way weakness, Hoover’s sign and

the adductor sign. “Give-way” weakness occurs when

the patient gives full power strength followed by quick

breaks in the power of the muscle group tested. In

organic weakness, this decrement is slow and steady.

Testing for a Hoover’s sign occurs with having the

patient lay in a supine position and cupping each of

the patients’ heels. When the patient is asked to raise

one leg, the contralateral leg should exhibit pressure in

the opposite direction. If this pressure is not felt, then

the patient has a decreased effort. If the pressure is

present and full, then the patient does not have a true

paralysis. Finally, the adductor sign occurs with a

similar mechanism. When one adductor muscle con-

tracts, the opposite adductor should reflexively con-

tract as well.When this does not occur, the patient may

have a decreased effort (Shaibani and Sabbagh, 1998).

5. Sensory examination: patients with PMDs may report

many sensory findings that are not reproducible on the

examination. In addition, they may report non-physi-

ological sensory loss, such as a hemisensory deficit

that affects all modalities (hearing, taste, vision, smell)

(Shaibani and Sabbagh, 1998). Again, it is important to

look for inconsistencies on the examination. Patients

may complain of complete sensory loss of the lower

extremities, but are able to tandem walk. Bedside

examinations that may help include using a tuning

fork at the midline of the forehead to see if one side is

felt more strongly than another (should be felt equally

on both sides due to bone conduction). Sensation can

also be tested with the arms or legs crossedwhen there

is a hemisensory complaint (Shaibani and Sabbagh,

1998).

6. Reflexes: the reflex examination should be symmetri-

cal and normal. Frontal release signs should not be

present, except for cases where this may be a normal

finding in an elderly patient.

7. Cerebellar: the cerebellar exammay have soft signs on

the examination. This is one areawhere the patientmay

exhibit a great deal of effort tomakeminormovements.

The effort appears out of proportion to the task pre-

sented. Themovementsmay also be slowed; again, this

may be out of proportion to the rest of their examina-

tion. Finger to nose may be inaccurate with the eyes
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Table 31.2 Psychogenic signs that may co-exist in the psychogenic movement disorder patient.

Possible Exam Finding Differential diagnosis Workup

Mental status

examination

(1) Difficulty with concentration (1) Anxiety � Psychiatric evaluation

(2) Depression � Neuropsychological

evaluation

(3) Dementia

Speech (1) Total loss of voice (1) Spasmodic dysphonia � Nasolaryngoscopy

(2) Whispering voice (2) Structural brain lesion (stroke,

tumor, multiple sclerosis)

� MRI of the brain

(3) Continued high pitch voice

with or without breaks

(4) Low pitched monotone voice

(5) Foreign accent syndrome

Cranial nerves (1) Convergence spasm (1) Brain tumor (posterior fossa,

pituitary)

� MRI of the brain

(2) Ptosis (2) Myasthenia gravis � Workup for myasthenia

if suspected (Ach

antibody, EMG)

(3) Partial or complete blindness (3--4) Stroke � Ophthalmology consult

for evaluation of the

fundus and formal visual

fields

(4) Tunnel vision � Bedside mirror test

Strength (1) Inconsistent examination (cannot

walk across the room, but muscle

group testing is normal)

Broad differential for weakness

depending on the rest of the exam:

cortical, spinal, neuromuscular,

muscle, nerve

� Bedside tests: Hoover’s

sign, adductor sign

(2) Give-way weakness � MRI brain
� MRI spinal cord
� EMG
� Muscle biopsy

Sensory (1) Non-physiological complaint of

sensory loss

Same as above � Somatosensory evoked

potentials

(2) On examination, splitting of the

midline with vibration

� MRI brain

� MRI spine

Reflexes (1) Should be normal and

symmetric

Same as above � H reflex

(2) Frontal release signs should

be absent

Cerebellar (1) Great deal of effort to make

small movements (out of

proportion to the task).

(1) Cerebellar lesion--stroke,
tumor, multiple sclerosis

� MRI brain: posterior

fossa

(2) Parkinsonism (if slowed,

irregular movements

(3) Ataxia

Postural

stability

(1) Exaggerated response: swaying,

slowed, walking backwards,

free fall onto examiner

(1) Parkinsonism � MRI brain: posterior

fossa

(2) Ataxias
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open, but when the eyes are closed they are able to

touch their own nose without difficulty. True cerebel-

lar findings should prompt the clinician for another

etiology.

8. Gait: features may be present, as described under the

above discussion of psychogenic gait.

9. Postural stability: patients may have an exaggerated

reaction to postural testing. This may manifest as

marked swaying without falling, slowed movements

forward or backwards, flinging both arms upward

without falling or an exaggerated startle (Bhatia and

Schneider, 2007; Thomas and Jankovic, 2004).

TREATMENT MODALITIES

Medical Treatment

Inpatient

Inpatient hospitalization is currently utilized in specialized

centers in Canada, England and some other countries, and

consists of a team of neurologists, psychiatrists, psychol-

ogists, physical therapists and sometimes therapists that

perform alternative treatments. In one case series, 81% of

32 treated patients had complete resolution of their symp-

toms (Rosebush and Mazurek, 2005). Hospital stay in this

group ranged from one week to six months. The remaining

patients in this case series had partial resolution of symp-

toms. In many cases, this is certainly the best option.

Unfortunately, inpatient treatment is not an option for most

patients in the United States (and some other countries) for

several reasons: few centers in the US have this capability;

inpatient hospitalizations are very short in theUS (couple of

weeks) as compared with overseas (several months); and,

finally, the US insurance system will not cover it. Because

of these limitations, the best option is a multi-modality

approach as an outpatient.

Outpatient

Oral Medications

There has been one trial of anti-depressant medications in

PMD patients, where patients were started on a dose of

paroxetine and citalopram and titrated up to an optimal dose

(Voon andLang, 2005). Those patientswho did not respond

were switched to venlafaxine. Paroxitine and citalopram

are both selective serotonin reuptake inhibitors, while

venlafaxine blocks both the reuptake of serotonin and

norepinephrine. This drug regimen was chosen by the

authors based on routine clinical practice and treating the

patients underlying co-morbid symptoms of depression

and/or anxiety. Of the patients treated, 67% had a diagnosis

of chronic PMD with primary conversion symptoms and

recent or current depression. Of these patients, 7 of 10

responded with a complete remission of symptoms. The

remaining 33% had a diagnosis of somatization disorder,

hypochondriasis, factitious disorder or malingering and

none of these patients improved.

Neuroleptic medications have also been reported to help

in hysterical neurosis of the conversion type. Eighteen

patients were followed and given either haloperidol or

sulpiride (Rampello et al., 1996). Evaluation showed a

greater improvement in the sulpiride group. The potency

of hyperprolactinemia was theorized to play a role in the

superiority of sulpiride over haloperidol. There is a case

report evaluating risperidone for a patient with psycho-

genic stiff neck (Marazziti and Dell’Osso, 2005). In

this study, the patient had an underlying history of de-

pression and was treated with sertraline and risperidone.

The symptoms of psychogenic stiff neck disappeared

completely after treatment with risperidone alone for six

months.

Physical Therapy

A retrospective study was performed in 10 patients who

received physical therapy for a diagnosis of conversion

disorder (Speed, 1996). In all cases, patients with gait

difficulty were selected and they were able to ambulate

normally at the end of treatment. They also received

psychological treatment when appropriate. There is also

a case series of physical therapy treatment in patients with

conversion disorder in an inpatient hospitalization setting

(Ness, 2007). All three of these patients had complete

resolution of symptoms. Behavioralmodification and shap-

ing techniques were used. Correct patterns of movements

were emphasized and praised while abnormal movements

were ignored.

Behavioral Modification

A case series evaluated 39 consecutive patients with a

combination of behavioral techniques and physical therapy

(Shapiro and Teasell, 2004). The patients were admitted to

a rehabilitation service and given supervised exercises to

perform. At the beginning of treatment, they were told that

they had a musculoskeletal problem that could resolve

completely. If the patients did not improve after fourweeks,

behavioral treatment was initiated. The patients were told

that the problem was either psychiatric in nature (conver-

sion disorder) or that the treatment needed to be modified.

Once the modification plan was implemented, they should

improve quickly and completely. If this did not happen,

then the diagnosis was conversion disorder and they would

not fully recover because of an unconscious need to remain

disabled. This behavioral treatment was successful in 8/9

acute patients and 1/28 chronic patients.
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Psychotherapy

A single-blind clinical trial evaluated 10 patients with

psychodynamic psychotherapy for one hour per week over

a 12-week period (Hinson et al., 2006). The psychotherapy

focused on early life experiences, personality traits and

parenting dynamics, and tried to link these early behaviors

with current behaviors. The patients were also given anti-

anxiety or anti-depressant medications at the treating psy-

chiatrists’ discretion. In seven patients, the total psychogen-

icmovementdisorderscale improvedtoasignificantdegree.

Biofeedback

There are no published reports of biofeedback for

PMD patients. There is one abstract that evaluated

electromyography (EMG) biofeedback as a treatment

(Rosebush and Mazurek, 2005). In this study 9 of 15

patients (60%) improved with EMGbiofeedback. Patients

received several sessions of training using biofeedback,

where they attempted to decrease the EMG signal of their

movements. They were then followed until improvement

or resolution of their symptoms. Most patients were on

additional pharmacological therapy.

Hypnosis

Hypnosis was used as a treatment in a randomized, con-

trolled clinical trial in 44 patients with conversion disorder,

motor type or somatization disorder with motor conversion

symptoms (Moene et al., 2003). Patients were either as-

signed to a waiting-list condition or a hypnosis condition.

Improvement was seen in the hypnosis-condition patients,

when compared to baseline through objective observation

and a subjective interview. Two additional studies evalu-

ated hypnosis in the inpatient setting. One study followed

45 patients and hypnosis was used as a randomized treat-

ment in a sub-set of the patients (Moene et al., 2002). There

was no difference in primary outcome when comparing

groups that did or did not receive hypnosis. The second

study described eight cases of inpatients with conversion

disorder, where hypnosis was thought to play a role in

improvement of their symptoms (Moene, Hoogduin and

Van Dyck, 1988).

Acupuncture

No formal trials have been performed to assess acupuncture

in PMD patients. There is one case report that describes a

patient with chronic, treatment-resistant PMD that had a

dramatic response to acupuncture (VanNuenen et al., 2007).

Trial of Placebo

There is one case report of one patient where a placebo

treatment was tried in a minor with parental consent (Lim,

Ong and Seet, 2007). In this case, the patient had psycho-

genic blepharospasm thatwas not improvedwith botulinum

toxin. She was given an alternative placebomedication and

it was suggested to her that thiswas a very effectivemedica-

tion for her symptoms and if she improved she would not

have to see a psychiatrist. The patient had complete reso-

lution of symptoms. Although a response to placebo was

helpful in this case, it is currently considered unethical by

many authorities and therefore is not recommended.

Treatment of Somatoform Disorders

Many of the methods discussed above for treatment were

studied initially in patients with somatoform disorders other

than PMDs. In a review of randomized, controlled trials

(Kroenke, 2007) and intervention studies in somatoform

disorders (Sumathipala, 2007), cognitive behavioral therapy

was found to be the most efficacious treatment. Trials of

anti-depressants were thought to hold some promise, but not

be a conclusive form of treatment at this time. The term

conversion disorder is usedwhen thephysical symptoms in a

somatoform disorder are neurological in nature (Hurwitz,

2004). In a systematic review of psychosocial interventions

for conversion disorder by the Cochrane Collaboration, 260

referenceswere reviewed andof these it was not possible to

draw any conclusions about possible benefits, due to poor

methodological quality and poor reporting (Ruddy and

House, 2005). Future research in this area should be aimed

at direct comparison of treatment modalities in a random-

ized, double-blind research design.

General Guidance

Telling the Patient

The initial phase of treatment is how the patient is told about

the diagnosis. This may be the most difficult part, and it is

important to be ready for any type of reaction. Surprisingly,

some patients are relieved and welcome the thought that

psychological triggers may be playing a factor in their diag-

nosis. Reassurance is a very important factor, and it is impor-

tant tobeunambiguous in thediagnosis. If thedoctor expresses

uncertainty, the patientwill likelynot accept the diagnosis. It is

important to emphasize that the neurological examination

looks intact, the workup is negative for other neurological

conditions and there is hope that they can get better.

The term to use for the diagnosis is controversial. We

prefer to start with the phenomenological description, that

is, for example, myoclonus or tremor. The second compo-

nent is the cause. Some experts prefer to use “psychogenic,”

and this term will almost certainly come out at some point,

but we prefer to use “functional.” The brain is structurally

intact (which is good), but it is malfunctioning. The nature

of the malfunction is not yet fully understood, but it can be

reversed. The term “functional” may be more acceptable to
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patients than other terms. In one study in patients with

seizure-type movements, the terms “stress-related seizures”

or “functional seizures” were found to be less offensive than

the terms “psychogenic seizure,” “non-epileptic attack dis-

order” or “pseudoseizures” (Stone et al., 2003a). It is very

important to describe the medical condition to the patient in

away thatwill help ensure trust in the physician, so there is a

better chance for recovery. In addition, we generally discuss

that stressmay play a contributing factor in the development

of PMDs and try to identify any possible stressors.

If there is the ability to have long-term care with this

patient, it may be best to see them for a couple of appoint-

ments, plant the idea early on that this is in the differential

diagnosis and that you need to rule out some other condi-

tions. If the patient has seen other physicians theymay have

been told “it is all in your head,” “just stop doing it,” and so

on. Lack of sympathy for this diagnosis does not help your

patient or help you to keep a patient that may actually get

better.

Referral to a Psychiatrist

It is very important to refer the patient to a psychiatrist who

has an understanding of psychogenic movement disorders.

Commonly, the diagnosis is made, the patient is willing to

undergo a psychiatric evaluation and then is told by the

evaluating psychiatrist that they have an underlying neu-

rological problem (and it can’t possibly be psychiatric).

This is extremely frustrating for the patient to hear, will lose

any credibility that you have with the patient and send them

on an endless search for what is the “real cause” of their

condition. The psychiatrist has to understand that the

referral is not made for the diagnosis of the condition, but

for identification and treatment of any underlying psychi-

atric problem. This should be a principal component of

therapy.

CONCLUSION

Psychogenic movement disorders are truly a crisis for

neurology (Hallett, 2006). They occur in a relatively young

population and can be reversiblewith early intervention and

multi-modality treatment. However, this requires an astute

knowledge of this condition and appropriate referral to a

psychiatrist and additional therapists. To compound this

difficult problem, the medical community at large is poorly

educated on this topic, and as a result these patients are

misdiagnosed.
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pathophysiology 433

surgical interventions 435–6

additional interventions 436

intrathecal baclofen 436

orthopedic surgery 436

selective dorsal rhizotomy 436

see also Parkinson’s disease, gait and balance

disorders in; spastic gait and balance

Spheramine 149–50

spinal myoclonus 357

spinal segmental myoclonus 364

spinobulbar muscular atrophy 410

spinocerebellar ataxia with axonal neuropathy (SCAN1) 409

spinocerebellar ataxias (SCAs) 410–11, 411

sporadic adult-onset ataxia of unknown origin

(SAOA) 412

sporadic Parkinson’s disease 12–15

altered proteasomal function 14–15

apoptosis 15

Lewy bodies 13

pathogenic factors 12

proteolytc stress 12–13

square-wave dyskinesia 79

St John’s wort 61

startle syndrome 363, 364

stem-cell based therapies 147–9

stereotactic gamma-knife thalamotomy 187

stiff person syndrome 283–9

antibody-mediated endocrinopathies 285

anti-GAD antibodies 284

clinical presentation 283

diagnosis 287

differential diagnosis 286–7

immunopathology 284

neuropathology 285–6

neurophysiology 284

paraneoplastic encephalomelitis 286

pathophysiology 284

pharmacology 286

treatment 287–8, 289

variants 286

variation in clinical presentation 283–4

striosomes 38

stump dyskinesias 358

sub-acute akathisia 377–8

sub-acute parkinsonism 378–9

subcortical myoclonus 363

substantia nigra pars compacta (SNc) 38, 39

substantia nigra pars reticulata (SNr) 28

subthalamic nucleus (STN) 28

subthalamotomy 125

sudden onset sleep 112–15, 114
sulpiride

in tic disorders 340

surround inhibition 210

Sydenham chorea (SC) 322–3

management 325–6, 326

sympathomimetics 395

symptomatic palatal tremor (SPT) 197–8

symptomatic therapy

in progressive supranuclear palsy 162

synaptophysin 13

synaptotagmin X1 10

a-synuclein 3, 7–9, 12, 13, 14

aSp22 isoform 10, 11

b-synucleins 7, 9

g-synucleins 7
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systemic lupus erythematosus (SLE) 323, 326
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in Parkinson’s disease 97

tacrolimus 396–7
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in progressive supranuclear palsy 162

tardive akathisia 384

tardive dyskinesia 379–82

tardive dystonia 382–3
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tardive Tourettism 384

tau 7, 13
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d-9-tetrahydrocannabinol (THC) 340
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in Wilson’s disease 255–6, 258

thalamic tremor 197

thalamotomy 124
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in tic disorders 340

tic disorders 331

chronic 331

dystonic 355–6

indications 334

non-pharmacological treatment 334–5
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pharmacologic treatment 335–41, 335
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other medications 339–40

potential future therapies 340–1
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surgical approaches 340
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tongue-biting dystonia 325

topiramate

in myoclonus 366
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torticollis 235

benign paroxysmal 474

post-traumatic 274, 274
spastic 208
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ADHD 332, 341

affective disorders: anxiety and depression 332, 341
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episodic outbursts and self-injurious behaviour
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general principles of treatment 333–4, 333
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treatment of co-morbidities 341

tourettism, tardive 384

transcranial magnetic stimulation (TMS)

in tic disorders 341

transcutaneous electrical nerve stimulation (TENS) 218

transdifferentiation 148

transplantation 132–3

treadmill training 423

tremor

in Parkinson’s disease 25, 26

psychogenic 199, 481–2

tricyclic antidepressants (TCAs)

drug-induced dyskinesias 392–3

in Parkinson’s disease 74, 92, 95, 100

trientine

in Wilson’s disease 255, 258, 259

trimethobenzamide hydrochloride 77

trospium

in multiple system atrophy 160

in Parkinson’s disease 107

trunk movement disorders 357–8, 356

b-tubulin 13

g-tubulin 13

tyramine cheese effect 64

Ubc6 10
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UbcH8 10

ubiquitin 14
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UCH-L1 9–10

urinary dysfunction in Parkinson’s disease 106–7

valproate

drug-induced dyskinesias 391–2

in myoclonus 366

vanilloids 109

vardenafil 109

vascular choreas 322

vascular hemichorea (hemiballism) 125, 322, 324

venlafaxine in Parkinson’s disease 95

ventral tegmental area (VTA) 38

vesicular monoamine transporter 2 151

vigabatrin

in myoclonus 366

virtual reality (VR) 425

vitamin B1 deficiency, ataxia and 412–13

vitamin B12 deficiency, ataxia and 413

vitamin E deficiency, ataxia and 413

wakefulness, disorders of 110–15

walking aids 423–4

Wernicke’s encephalopathy 412

West syndrome 472

Westphal variant of chorea 318

Whipple’s disease 355

Wilson’s disease 208, 251–60

hepatic presentation 252
pre-symptomatic siblings 253
screening and diagnosis 252–3
therapeutics 253–60

anti-copper drugs 254–6

hepatic failure 256–7, 256
hepatitis or cirrhosis 257

maintenance therapy 258–9, 259
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pregnancy 259–60
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various phases 256–60

writer’s cramp 205, 209, 210, 236–7, 244

X-linked McLeod syndrome 318

yohimibine in orthostatic hypotension 160

zinc

in Wilson’s disease 254–5, 258, 259

ziprasidone

in Parkinson’s disease 104

in tic disorders 339
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in progressive supranuclear palsy 164
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