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Foreword

On starting my training as a neurologist thirty years ago, Christopher Earl, one
of my most influential teachers at Queen Square, told me that when he and
Richard Hunter had in 1963 presented some early cases of persistent dyski-
nesias following phenothiazines to the Royal Society of Medicine in London,
their report had been greeted with great scepticism by many of the psychiatrists
present in the audience. They believed that the sort of stereotyped abnormal
hyperkinetic movements Hunter and Earl were describing were an integral,
if rather poorly documented, feature of chronic catatonic schizophrenia. The
kinesics of major psychiatric illness remain a fascinating and inadequately
explored terrain, but few would now question the sound epidemiological ev-
idence linking either the bucco-linguo-masticatory syndrome or potentially
irreversible dystonia and chorea to chronic neuroleptic usage.

In my doctoral thesis I explored the role of substituted benzamides as po-
tential selective anti-dyskinetic agents to combat disabling chorea seen as a
consequence of long-term l-dopa therapy for Parkinson’s disease. This could
be achieved, but only briefly, and despite scrupulous attention to delicate dose
titration, breakthrough worsening of Parkinsonism inevitably occurred. Of
greater concern was the apparent delay in restoring equilibrium following
sulpiride and tiapride discontinuation. In contrast, useful results were seen in
dopaminergic psychoses and the newer drugs clozapine and quetiapine, both
reputed to have fewer extrapyramidal complications, have proved effective
and useful as short-term treatments for paranoid psychosis and delirium in
Parkinson’s disease

It was another of my teachers, Gerald Stern, who aroused my interest in the
snake-root plant (Rauwolfia serpentina), or Chandra as it is known in Bengali,
meaning moon and suggesting a link with lunacy. Gerald pored over Sanskrit
incunabula and Ayurvedic texts for long hours on lazy Sunday mornings in
the libraries of Indian Universities trying to unlock some of the mysteries of
this revered plant which had led to Arvid Carlsson’s Nobel Prize winning
work of the 1950s and put dopamine on the map as an important chemi-
cal messenger. Gerald learned that the late Mohandas Gandhi took infusions
of snake-root to control his hypertension and speculated that his serene and
tranquil disposition in later life could be attributed in part to the plant’s atarac-
tic properties. An under-rated paper by Degkwitz and colleagues published
in 1960 which I had translated from the German when writing my thesis,
reproduced Carlsson’s animal experiments in man demonstrating that small
doses of l-dopa combined with the non-selective mono-amine oxidase inhibitor

x



Foreword xi

iproniazid and vitamin B6 could counteract reserpine-induced Parkinsonism.
This report paved the way for Birkmayer and Barbeau’s independent but syn-
chronous pioneering studies using l-dopa as a treatment for Parkinson’s dis-
ease and strengthened my belief that the natural world had much to teach
us about movement disorders. By the time Degkwitz’s paper saw the light
of day, the charismatic American psychiatrist Nathan Klein had already been
investigating reserpine, the active alkaloid present in Rauwolfia for almost a
decade. He showed it to have useful but modest anti-psychotic properties lim-
ited by side-effects which included depression, sedation, drooling, diarrhoea
and orthostatic hypotension.

More promising, however were the phenothiazines synthesised in Europe
from aniline dyes in the late nineteenth century. Paul Ehrlich prophetically had
predicted that some of these, including methylene blue, might be useful to treat
mental illness. Chlorpromazine, synthesised in 1949, was used by Sigwald and
the group of French military psychiatrists working at Val-de Grace to treat para-
noia and mania. Delay and Deniker then showed that it was a very effective
antipsychotic, coining the term ‘neuroleptic’ to embrace the phenothiazines
and the recently synthesised butyrophenone, haloperidol, and distinguishing
them from narcotics, general anaesthetics and hypnotics. The impact of neu-
roleptics on psychiatric practice was to be colossal, allowing acute psychotic
episodes to be managed in the community and freeing a multitude of chronic
schizophrenics from institutional care.

Iatrogenic movement disorders occurring as a result of drugs known to mod-
ify dopamine transmission in the brain led to a new era of taxonomy in neu-
rology and psychiatry with exotic new conditions emerging such as the Rabbit
and Pisa syndromes, punding and crack dancing. More importantly, however,
their occurrence stimulated a great deal of basic research on the biochemical
mechanisms underlying these phenomena. This important data could be ex-
trapolated to explain the spontaneously occurring movement disorders – hence
the simplistic concepts of bradykinesia as a sign of striatal dopamine deficiency
syndrome and chorea as a clinical marker for relative striatal dopamine excess.
Nevertheless, clinical observation raised many conundrums. How could anti-
psychotic drugs already known to block striatal dopamine receptors trigger
life-threatening acute dystonic reactions after just two or three exposures or
provoke irreversible bucco-linguo-masticatory stereotypies after chronic ex-
posure? How could akathisia, chorea and Parkinsonism all be induced simul-
taneously in different body parts and why did children with tardive dyskinesia
tend to have a generalised dystonia while the elderly had a very focal chorea
of the lower face? Pre-clinical attempts to answer some of these more difficult
riddles using non-human primates met with partial success in the seventies
and eighties but the discovery of the nigral neurotoxin MPTP and a greater
interest in non-dopaminergic mechanisms in Parkinson’s disease led to a re-
duction of movement disorder research using dopamine blocking drugs and
dopamine stimulants.



xii Foreword

Fashions change in science, and in recent years neuroleptic-induced move-
ment disorders have been relatively neglected, receiving much less air space
at biological psychiatry and movement disorder meetings. This may in part
have been brought about by a perception that, with the introduction of a new
wave of potentially safer anti-psychotic drugs, the problem is disappearing.
This is a regrettable oversight which this book, edited by three distinguished
and internationally respected North American neurologists, will help to re-
dress. There can be no doubt that further careful clinical and scientific study of
these disorders will shed light on the biochemical and molecular mechanisms
which underlie basal ganglia disorders. For example, recent neuropathological
studies have shown that the brains of habitual cocaine users have increased
striatal dopamine transporter proteins and a threefold increase in alpha synu-
clein, raising the possibility that these individuals may be at greater risk of
developing Parkinson’s disease.

The editors of this book are to be congratulated, not only for its scholarly
content but for grasping the nettle and reminding us that there is much of
importance yet to discover in the field of drug-induced movement disorders.
Neurologists, many of whom may have relatively little exposure to the rich
panoply of odd movements seen in everyday psychiatric practice, will learn
that some of the described phenomena are more than just minor inconve-
niences in the rehabilitation of the psychiatrically wounded, and some like the
neuroleptic malignant syndrome are potentially deadly. Psychiatrists will ap-
preciate that Parkinson’s disease and the effects on it of long-term exogenous
dopaminergic treatment provide a fertile and untapped natural test-bed for
the investigation of many of the disorders which comprise psychiatric prac-
tice. For the committed movement disorder specialist this book will provide
an essential reference source to dip into whenever one is at a loss to diagnose
or manage a tricky case, may help with thorny medicolegal issues, and even
act as a stimulus for fresh research.

This is a book of distinction for which Drs Factor, Lang and Weiner, together
with their able team of contributors, should feel proud. I can do no more than
wish it the appreciative reception it unquestionably deserves.

Andrew Lees, Director
Reta Lila Weston Institute of Neurological Studies

University College London, London, UK



Preface

When two of us (AEL and WJW) published the first edition of this book in 1992,
we had assembled the first comprehensive text on Drug-induced Movement
Disorders and it was well received. We succeeded in covering the entire field
of pharmacologically related movement disorders in twelve well-organized
chapters, which were contributed by leaders in the fields of both Neurology
and Psychiatry, another first. Now, 12 years later, we thought it was time to
update this work with a second edition. The fact that we are currently in the
midst of a therapeutic revolution with the development of several new classes
and new agents warrants this venture.

Drug-induced movement disorders continue to be a common source of mor-
bidity in patients and appropriate recognition and diagnosis of these com-
plex signs and symptoms remains a difficult task. The range of agents causing
these problems has broadened, adding to the challenge. Antipsychotics remain
the most frequently implicated class of drugs. The development of “atypical’’
agents, which were supposed to eliminate extrapyramidal side effects, has
only added to the long list of drugs causing movement disorders even though
they probably do cause movements disorders less commonly than their typical
counterparts. It is well known that other agents such as dopaminergic drugs,
antidepressants and antiepileptics, to name a few, are also the instigators of
complex movement disorders and the development of new drugs in these
classes has also added to the complexity of the field. In addition, drug-induced
movement disorders continue to provide insights into the pathogenesis and
pharmacology of primary neurological and psychiatric disease. With this book
we have, again, tried to provide a comprehensive review of this constantly
growing field. The scholarly contributions of many leaders in psychiatry and
neurology have made such a text possible.

In this volume the organization and the number of chapters has changed.
For many chapters, the original authors have been generous enough to revise
and update their work. Several new authors were recruited for new chap-
ters and some of the original ones. The book is comprised of four sections:
General Considerations, Antipsychotics, Dopaminomimetic Drugs, and Other
Drugs, with a total of 17 chapters. Chapters 1–3 discuss general considera-
tions. The first chapter introduces the topic of movement disorders with defi-
nitions, descriptions and differential diagnosis. Chapter 2 reviews rating scales
used to evaluate movement disorders in psychiatric patients and Chapter 3
provides an overview of movement disorders seen in untreated psychiatric
patients, which should be helpful in recognizing the drug-induced disorders.
Section 2 covers movement disorders associated with antipsychotic agents in

xiii



xiv Preface

Chapters 4–12. In addition to those topics covered in the previous edition (and
now updated), acute dystonia, parkinsonism, acute akathisia, neuroleptic ma-
lignant syndrome and tardive dyskinesia and its variants, three new chapters
are added which primarily relate to atypical antipsychotic agents. Chapter 4
compares and contrasts the pharmacology of typical neuroleptics and the
newer atypical agents in relation to the ability to cause movement disorders. It
covers the new theories on how these drugs work and how they cause move-
ment disorders. Chapter 11 provides a review of the literature on movement
disorders caused by atypical agents. There appears to be a misconception that
the development of atypical antipsychotics will lead to the disappearance of
tardive dyskinesia. We have added a chapter that is more akin to an editorial
to address this notion in Chapter 12, authored by a leading researcher in the
field of tardive dyskinesia. Section 3, containing Chapters 13 and 14, updates
the movement disorders caused by antiparkinsonian drugs and stimulants re-
spectively. The final section contains three chapters covering antidepressants,
antiepileptics and miscellaneous drugs. Substantial revisions to these topics as
presented in the first edition have been required given the many additions to
these classes of drugs that have occurred over the last 12 years. For example,
in the first edition, antiepileptics were covered in the miscellaneous chapter
but the increased reporting of movement disorders from these drugs and the
addition of several new drugs in the class justifies a separate chapter on the
topic.

The 17 chapters herein are scholarly, concise, up-to-date reviews that can
be utilized in isolation, and they are heavily referenced for this purpose. We
have also provided substantial cross-referencing so that topics of interest can
be easily accessed. Finally, the book is organized to bring the chapters together
in a cohesive edition. We believe that a broad spectrum of readers including
medical students, neurology and psychiatry residents, clinicians, particularly
primary care physicians, gerontologists, neurologists and psychiatrists, as well
as clinical and basic scientists will all find something of interest here.

Stewart A. Factor, DO
Anthony E. Lang, MD
William J. Weiner, MD



PART 1

General considerations





CHAPTER 1

Movement disorders: an overview

Martin Cloutier and Anthony E. Lang

Movement disorders: an overview

Movement disorders are common and come to the attention of all physi-
cians, but most often neurologists, psychiatrists, internists and family physi-
cians. Prescription medications and illicit drugs are common causes for al-
most all types of movement disorders. Neurologists and general physicians
should have an understanding of these movement disorders and an aware-
ness of these potential complications. The common occurrence of movement
disorders complicating mental illness and their treatment makes it impor-
tant for psychiatrists to be able to recognize the various movement disorders
as well.

Accurate diagnosis of a movement disorder complicating the use of a spe-
cific drug requires some basic understanding of the general classification of
movement disorders. Too often, reports in the literature utilize terms such
as chorea, tics, or myoclonus without conforming to accepted definitions of
these disorders. Review of the original case report may reveal significant con-
fusion or inaccuracy. However, the report may have been subsequently cited
multiple times and the described association widely accepted despite poor or
inappropriate original documentation. An appreciation of the broad differen-
tial diagnosis of movement disorders is also necessary when attempting to
implicate a specific drug as causative. A lack of this awareness often accounts
for case reports of a specific drug causing abnormal movements when better
explanations are readily available.

Another important potential source of confusion is the possibility that cer-
tain neurological diseases can present first with nonneurological symptoms.
Treatment prescribed for these symptoms may be wrongly implicated when a
movement disorder eventually develops due to the primary disease process.
Probably the most common example of this would be the use of neurolep-
tic drugs for the initial psychiatric manifestations of certain neurological dis-
orders. We have seen this sequence of events result in significant delays in
diagnosis of such disorders as Wilson’s disease, Huntington’s disease, and sys-
temic lupus erythematosis. Another potential source of diagnostic error is that
certain brain disorders (occult or overt) can predispose to the development
of movement disorders as a consequence of specific drugs. Occasionally, the
underlying disorder will require treatment in its own right quite distinct from
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4 Chapter 1

the need for withdrawal of the agent that precipitated the obvious movement
disorder.

The purpose of this introductory chapter is to define the descriptive terms
that are used repeatedly in this text and to help the clinician in understanding
the actual classification of the various movement disorders. Multiple tables are
provided outlining the broad differential diagnoses that must be considered
when faced with these clinical problems.

Definitions and differential diagnoses

The traditional approach to a neurological symptom is to address the local-
ization of the lesion first, and then consider the possible etiologies. The neu-
rological examination is often helpful in determining the localization of the
lesion, and it is mostly the history that will determine the most likely di-
agnosis, depending on the abruptness of onset and the progression of the
symptoms.

This approach is somewhat different when a movement disorder is the pre-
dominant problem, since for many of them, the pathophysiology is complex
and often poorly understood. Many are the result of neurodegeneration af-
fecting different circuits of the brain and it is often impossible to determine a
specific anatomic localization.

The clinician must first observe and examine the patient to define the type
of movement disorder that best describes the clinical picture. The age of onset,
the distribution, the progression of the symptoms, a familial history of similar
symptoms, and the presence of systemic signs often help to determine the most
likely explanation for that movement disorder.

Movement disorders are first divided into hypokinetic versus hyperkinetic
categories. Hypokinetic disorders are characterized by akinesia, bradykinesia,
and rigidity. Akinesia is defined as a paucity of movement while bradyki-
nesia refers to slowness of movement. Rigidity is an involuntary increase
in muscle tone, appreciated equally in flexors and extensors. It may have
a cog-wheeling component when tremor is superimposed. Parkinson’s dis-
ease is the most common cause of such symptoms. Hypokinetic disorders are
therefore also referred to as akinetic-rigid syndromes or parkinsonism. Hy-
perkinetic disorders are disorders in which there is an excess of movement,
either spontaneous or in response to a volitional movement or another stim-
ulus. They are often involuntary, but tics and some stereotyped movement
(e.g., movements accompanying akathisia or restless legs syndrome) often
have a voluntary component. Tremor, dystonia, tics, chorea, ballismus, and
myoclonus are the most common types of hyperkinetic disorders. It is not
rare for a patient to present with a combination of movement disorders, such
as the resting tremor and the akinetic-rigid features of Parkinson’s disease.
In these cases, it is best to describe the different movement disorders as ob-
served and then assign the broader picture according to the most prominent
symptom.
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Table 1.1 Differential diagnosis of parkinsonism

1. Parkinson’s disease
Sporadic
Genetic

Autosomal dominant
Autosomal recessive

2. Secondary parkinsonism
Neurodegenerative diseases (sporadic or genetic)

Progressive supranuclear palsy
Multiple system atrophy
Corticobasal degeneration
Dementia with Lewy bodies∗

Alzheimer’s disease
ALS-parkinsonism-dementia complex of Guam
Huntington’s disease
Spinocerebellar ataxias
Neuroacanthocytosis
Hallervorden-Spatz disease
Wilson’s disease
Dopa-responsive dystonia
Others

Drugs
Neuroleptics, metoclopramide, prochlorperazine, tetrabenazine, cinnarizine,

flunarizine, α-methyldopa, lithium
Toxic

MPTP, manganese, carbon monoxide, mercury
Infectious

Encephalitis lethargica
Other encephalitis
Subacute sclerosing panencephalitis
Creutzfeldt-Jakob disease

Vascular
Atherosclerosis
Amyloid angiopathy

Neoplastic
Brain tumor
Other mass lesions

Normal pressure hydrocephalus
Head trauma
Others
Multiple sclerosis

∗May represent the same disease as idiopathic Parkinson’s disease.

Parkinsonism
Parkinsonism is a common complication of neuroleptics and occurs occa-
sionally with the use of other medications. More commonly, it is secondary
to a neurodegenerative disease such as Parkinson’s disease, multiple sys-
tem atrophy, progressive supranuclear palsy, or other progressive brain dis-
eases. A more complete differential diagnosis of parkinsonism is included in
Table 1.1.



6 Chapter 1

Neurodegenerative causes of parkinsonism (e.g., Parkinson’s disease) may
be present in occult or subclinical form for several years before progressing
to the point of causing overt symptoms and signs. During this time, an indi-
vidual is at greater risk of developing symptoms if exposed to a drug capable
of causing such symptoms, such as neuroleptics. This probably accounts for
the observation that some patients with apparent drug-induced parkinsonism
either fail to remit on drug withdrawal or remit only to have symptoms recur
later and subsequently progress.

Bradykinesia, rigidity, resting tremor, and postural instability are the cardi-
nal features of parkinsonism. Masked facies, micrographia, stooped posture,
gait difficulties with decreased armswing, decreased amplitude of steps, fes-
tination, and freezing are additional features. A detailed history and a careful
neurological examination will often reveal clues to the exact diagnosis, al-
though sometimes only subsequent clinical evolution will lead to the correct
diagnosis. A review of past and current medications might reveal the cause
of parkinsonism or an aggravating factor. Neuroimaging, more commonly an
MRI of the brain, and blood work-up might be useful in selected cases.

Tremor
Tremor is defined as a rhythmical, sinusoidal oscillation of a body part, pro-
duced by alternating or synchronous contractions of agonist and antagonist
muscles. Tremor is classified as resting or action tremor. A resting tremor
is a tremor in a limb that is in a resting position, with its weight fully sup-
ported against gravity. It is typically seen in parkinsonism, more commonly in
Parkinson’s disease than in other parkinsonian syndromes. Action tremor is
further divided into postural, kinetic, or intention tremor. They all imply an
active contraction of the muscles involved. A postural tremor is seen with the
maintenance of a posture, against gravity, such as when the arms are out-
stretched in front of the body. A kinetic tremor is seen with a voluntary move-
ment of the limb, such as a tremor in an upper limb during a finger-to-nose
maneuver. An intention tremor is an increase in the amplitude of the tremor
when approaching a target. The terms dystonic tremor and myoclonic tremor
are also used in the literature. In these cases, it is understood that the authors
believe that the primary underlying movement disorder is better classified as
dystonia or myoclonus but there is a rhythmical or semi-rhythmical component
to the movement that is worth mentioning.

A differential diagnosis of tremor is detailed in Table 1.2, along with a list of
other rhythmical movement disorders.

Chorea
Chorea consists of irregular, random, brief, flowing movements that are usu-
ally distal and of low-to-moderate amplitude. They are often flitting from one
body part to another in a random and purposeless sequence. Patients may in-
corporate them into a voluntary movement in order to mask them. Typically,
chorea cannot be suppressed for any length of time and is totally involuntary.
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Table 1.2 Differential diagnosis of tremor and
rhythmical movement disorders

1. Physiologic tremor
Enhanced physiologic tremor

Metabolic
Hyperthyroidism
Hyperparathyroidism
Hypoglycemia
Pheochromocytoma

Drugs
Caffeine
Theophylline
Amphetamines
Lithium
Valproic acid
Antidepressants
Amiodarone
β-agonists
Others

Withdrawal of drugs
Benzodiazepines
Alcohol
Others

Fever, sepsis
Anxiety, stress, fatigue

2. Primary or idiopathic
Essential tremor
Task-specific tremor
Orthostatic tremor
Idiopathic palatal tremor

3. Tremor associated with CNS diseases
Tremor with parkinsonian syndromes

Idiopathic Parkinson’s disease
Multiple system atrophy
Progressive supranuclear palsy
Cortico-basal degeneration
Neuroleptic-induced parkinsonism

Wilson’s disease
Multiple sclerosis
Fragile X premutation – tremor/ataxia syndrome
Stroke
Arteriovenous malformation
Tumor
Head trauma
Midbrain tremor (Holme’s tremor)

4. Tremor associated with peripheral neuropathies

5. Psychogenic tremor

6. Other rhythmical movement disorders
Rhythmical movements in dystonia
Rhythmical myoclonus
Asterixis
Clonus
Epilepsia partialis continua
Hereditary chin quivering
Spasmus nutans
Head bobbing with hydrocephalus
Nystagmus
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Table 1.3 Differential diagnosis of chorea

Genetic
Benign hereditary chorea
Huntington’s disease
Huntington-like conditions
Neuroacanthocytosis
Dentatorubropallidoluysian atrophy
Wilson’s disease
Hallervorden-Spatz disease
Spinocerebellar ataxias
Ataxia-telangiectasia
Tuberous sclerosis

Infections/parainfectious causes
Sydenham’s chorea
Acquired immunodeficiency syndrome (including complications)
Encephalitis and post-encephalitic
Creutzfeldt-Jakob disease

Drugs
Levodopa, dopaminergic agonists, amphetamines, anticholinergics, anticonvulsants,

neuroleptics, antidepressants, oral contraceptives, antihistaminics
Endocrinologic/Metabolic

Hyperthyroidism
Hypoparathyroidism
Chorea gravidarum

Immunologic
Systemic lupus erythematosus
Antiphospholipid syndrome
Henoch-Schonlein purpura

Vascular
Stroke
Hemorrhage
Arterio-venous malformation
Polycythemia rubra vera

Other
Cerebral palsy
Kernicterus
Head trauma
Cardiopulmonary bypass with hypothermia
Neoplastic and paraneoplastic

Severity is quite variable, from a patient that only appears fidgety or rest-
less, to striking, continuous movements involving the whole body. Chorea can
be seen in many diseases, including some neurodegenerative conditions and
metabolic diseases, and can also be the result of treatment with a number of
drugs, prescribed or illicit. The causes of chorea are listed in Table 1.3.

Ballism
Ballism is defined as random flinging movements of the proximal limbs,
usually violent and of wide amplitude. It is most commonly seen as a
consequence of a stroke, often in the region of subthalamic nucleus, and then
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Table 1.4 Differential diagnosis of ballism

Focal lesions in basal ganglia
Vascular

Stroke (including infarction and hemorrhage)
Cavernous angioma
Post-surgical complications

Neoplastic
Metastases
Primary CNS tumors

Infections
Cryptococcosis
Toxoplasmosis

Tuberculoma
Inflammatory

Multiple sclerosis
Iatrogenic

Subthalamotomy
Thalamotomy

Immunologic
Systemic lupus erythematosus
Scleroderma

Behcet’s disease
Nonketotic hyperglycemia
Hypoglycemia
Syndenham’s chorea
Head injury
Drugs
Anticonvulsants

Oral contraceptives
Levodopa
Ibuprofen

these movements are acute, transient, and unilateral, hence the term hemibal-
lism. When bilateral they will occasionally be referred to as biballism. Ballism
is considered as the more severe end of the chorea spectrum. It is therefore
common to see a combination of the two and this is often acknowledged in
movement disorder terminology (e.g., hemichorea/hemiballismus). In addi-
tion, when ballism is treated it often slows down to become chorea before
dissipating. Differential diagnosis of ballism is provided in Table 1.4.

Dystonia
Dystonia is defined as a movement disorder caused by sustained muscle con-
tractions resulting in twisting, repetitive movements, and for abnormal pos-
tures. The movements are often slow and sustained. They can be made worse
by activity, and then, in this situation, referred to as “action dystonia.’’ The
occasional patient will show a paradoxical improvement with voluntary ac-
tivation of the muscles (“paradoxical dystonia’’). Another common feature of
dystonia is the transient improvement of the abnormal movement with the
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use of a sensory trick, for example, the geste antagoniste of cervical dystonia.
A patient with cervical dystonia might be partially relieved by touching his or
her face with a finger, or leaning into the back of a high-backed chair. Tricks
are often used to mask the abnormal posture in public.

Probably more so than with other movement disorders, dystonia can be
classified according to the site of involvement. Focal dystonia involves only one
body part, such as blepharospasm or cervical dystonia. Segmental dystonia is
used when two or more contiguous body parts are affected. Multifocal dystonia
refers to the involvement of two or more noncontiguous parts of the body.
Hemidystonia is unilateral, and finally generalized dystonia is reserved for
dystonia affecting both legs and other body areas.

Dystonia is also classified according to etiology. Previously, it was simply
divided between primary or idiopathic dystonias and secondary or symp-
tomatic dystonias. Now, the etiologic categories of dystonia are primary dysto-
nia, dystonia-plus, secondary dystonia, and hereditodegenerative diseases [1].
The primary dystonia are syndromes in which the only phenotypic expression
is dystonia. These diseases can be hereditary or sporadic. Dystonia-plus is char-
acterized by a combination of dystonia with other neurological signs due to
a known or presumed genetic defect without an underlying progressive neu-
rodegenerative process. Dopa-responsive dystonia and myoclonus-dystonia
are examples of such diseases. Secondary dystonias are the result of acquired
injury to the central nervous system, again without progressive neurodegen-
eration. Drug-induced dystonia would fit into this category. Hereditodegener-
ative diseases causing dystonia include many conditions of genetic origin but
also some neurodegenerative syndromes of unknown etiology. Here dystonia
is often associated with other neurological symptoms and signs.

The differential diagnosis of dystonia is given in Table 1.5.

Tics
Tics are repetitive, stereotyped movements, or vocal productions that show a
striking variability in their specific nature from one patient to the next [2, 3].
Tics vary in terms of complexity, from abrupt, brief, meaningless movements
or sounds to more sustained, more deliberate, almost meaningful gestures or
utterances. Accordingly, they are described as simple or complex tics, although
this has little if any clinical implication in itself. Tics are also described by their
anatomical location, duration, and frequency. Shorter, jerky tics are often re-
ferred to as clonic, and prolonged, sustained tics are said to be dystonic or tonic
tics but again these terms are simply descriptive and have no pathophysiologic
significance. The frequency of the tics in an individual patient typically varies
quite considerably over minutes, hours, days, weeks, and years.

There are other characteristics of tics that help to differentiate them from
other abnormal movements. Although the pathophysiology of tics is not clearly
understood, tics are often described by patients as being “semi-voluntary’’
movements or vocal productions in response to an inner, irresistible urge.
Some premonitory sensory symptoms might precede the tic, generally in the
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Table 1.5 Classification and causes of dystonia

1. Primary dystonias
Familial (several genetic causes and types)
Sporadic

Usually adult onset, focal or segmental

2. Dystonia-plus
Dystonia with parkinsonism

Dopa-responsive dystonia
Dopamine-agonist responsive dystonia (e.g. aromatic acid decarboxylase deficiency)

Myoclonus-dystonia

3. Secondary dystonias
Perinatal cerebral injury

Athetoid cerebral palsy
Delayed onset dystonia
Pachygyria
Kernicterus

Encephalitis
Poststreptococcal acute disseminated encephalomyelitis
Reye’s syndrome
Subacute sclerosing leukoencephalopathy
Wasp sting
Creutzfeldt-Jakob disease
Human immunodeficiency syndrome

Head trauma
Thalamotomy
Cervical cord injury
Peripheral injury
Brainstem lesion
Primary antiphospolipid syndrome
Stroke
Arteriovenous malformation
Hypoxia
Brain tumor
Multiple sclerosis
Central pontine myelinolysis
Drug-induced
Toxins
Hypoparathyroidism
Psychogenic

4. Hereditodegenerative dystonias
X-linked

Lubag
Pelizaeus-Merzbacher disease

Autosomal-dominant
Rapid-onset dystonia-parkinsonism
Huntington’s disease
Machado-Joseph disease (SCA3) and other SCAs
Dentato-rubro-pallido-luysian atrophy

Autosomal-recessive
Juvenile parkinsonism (e.g., due to mutations in the parkin gene)
Wilson’s disease
Niemann-Pick type C

(Continued)
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Table 1.5 (Continued)

GM1 gangliosidosis
GM2 gangliosidosis
Metachromatic leukodystrophy
Lesch-Nyhan syndrome
Homocystinuria
Glutaric academia
Triose-phosphate isomerase deficiency
Hartnup’s disease
Ataxia-telangiectasia
Hallervorden-Spatz disease
Juvenile neuronal ceroid lipofuscinosis
Neuroacanthocytosis
Intranuclear hyaline inclusion disease
Hereditary spastic paraplegin with dystonia

Probable autosomal recessive
Familial basal ganglia calcifications
Progressive pallidal degeneration
Rett’s syndrome

Mitochondrial
Leigh’s disease
Leber’s disease
Other mitochondrial cytopathies

Sporadic, with parkinsonism
Parkinson’s disease
Progressive supranuclear palsy
Multiple system atrophy
Corticobasal degeneration

Adapted from Fahn, Bressman, Marsden [4].

same general anatomical area as the tic itself. There is often a relief associated
with the production of the tic. Tics can be partially or completely suppressed
for a variable period of time, but often at the expense of mounting inner tension
and psychological discomfort. Some patients will describe an intense struggle
between the perceived pressure to capitulate and let the movement happen,
and the inappropriateness of these movements, especially in a social setting.
Performing the tic or sometimes even substituting the socially inappropriate tic
by another more acceptable behavior will alleviate the tension. Many patients
will describe that some tics occur in response to a typical urge and others
(either the same or different tics) are unexpected and totally involuntary.

Tic disorders are classified as primary or idiopathic, when they have no
identifiable cause, or secondary, in the case of a causative underlying brain
disease or environmental factor. The classification of tic disorders is presented
in Table 1.6.

Myoclonus
Myoclonus comprises sudden, brief, shock-like, involuntary movements re-
sulting from both active muscle contraction and inhibition of ongoing muscle
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Table 1.6 Etiological classification of tics

1. Primary or idiopathic
Transient motor or phonic tics
Chronic motor or phonic tics
Adult-onset tics
Tourette Syndrome

2. Secondary tics
Genetic

Neuroacanthocytosis
Huntington’s disease
Hallervorden-Spatz disease
Idiopathic dystonia∗

Duchenne’s muscular dystrophy∗

Tuberous sclerosis
Chromosomal disorders

Infections
Sydenham’s chorea
PANDAS+

Encephalitis and post-encephalitic
Creutzfeldt-Jakob disease
Neurosyphilis

Drugs
Methylphenidate, amphetamines, cocaine, levodopa,

carbamazepine, phenytoin, phenobarbital, lamotrigine, neuroleptics
Developmental

Mental retardation
Pervasive developmental disorders/Autism

Other causes
Head trauma
Stroke
Carbon monoxide poisoning
Cardiopulmonary bypass with hypothermia

3. Related disorders
Mannerisms
Stereotypies
Compulsions
Self-injurious behavior

∗Tics have been described with these conditions but may simply be
coincidental.
+Pediatric autoimmune neuropsychiatric disorders associated with
streptococcal infections – the existence of this disorder remains
somewhat controversial.

activity, positive or negative myoclonus, respectively [5]. The most common
form of negative myoclonus is asterixis. These movements generally arise in
the central nervous system (although rarely peripheral causes of myoclonus
are described) and are differentiated from abnormal muscle activity associated
with peripheral nervous system diseases, such as fasciculations or myokimia.
They are very short, typically lasting less than 150 milliseconds.
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Clinically, myoclonus can be spontaneous, action-induced, and/or reflex
(induced by various sensory stimuli). Spontaneous myoclonus occurs at rest,
without any provocation, and may be intermittent or repetitive. Action my-
oclonus occurs during volitional movement and is often very disabling. Reflex
myoclonus can be triggered by visual, auditory or somesthetic stimuli. Distri-
bution of myoclonus may be focal, segmental, multifocal or generalized. Focal
reflex myoclonus will occur in response to pinprick, touch, or muscle stretch.
Myoclonus can be intermittent or repetitive, and will sometimes be rhythmi-
cal. When myoclonus involves more than one body area, the movements may
be synchronous or asynchronous.

Myoclonus is classified according to the anatomic site of origin or etiology.
The site of origin of myoclonus can be cortical, subcortical, or spinal. Corti-

cal myoclonus arises from increased neuronal excitability of the cortex, prob-
ably through loss of inhibition. The myoclonus can occur spontaneously or
be stimulus-sensitive. Myoclonic jerks are of short duration, and typically,
though not always, electrophysiological studies demonstrate giant somatosen-
sory evoked potentials and a cortical spike preceding the myoclonus, on back-
averaged EEG. The pathology causing cortical myoclonus often does not in-
volve the cerebral cortex, and indeed may be some distance away (e.g., in
the cerebellum). Activation of muscles and spread of the myoclonic activity is
in a rostrocaudal direction, down the brainstem and spinal cord, via rapidly
conducting corticospinal pathways.

Subcortical myoclonus typically originates in the thalamus or particularly
the brainstem (reticular myoclonus). Myoclonus can be spontaneous or reflex,
and is often induced by visual or auditory stimuli. Reticular myoclonus gen-
erally begins in the mid or lower brainstem and spreads simultaneously to
rostral and caudal muscles; thus multichannel EMG assessment shows acti-
vation of cranial nerve XI-innervated muscles first followed by simultaneous
spread upward to facial and trigeminal innervated muscles (in that order) and
downward to upper cervical muscles, etc.

Another form of myoclonus originating in the brainstem is “branchial my-
oclonus’’ or palatal myoclonus, now often referred to as palatal tremor. This
rhythmical myoclonus, usually of 1–2 Hz, involves muscles of the soft palate
and may be associated with abnormal movements of the eyes and similar rhyth-
mical movements of face, limbs, and trunk. This is considered a “segmental
myoclonus’’ of brainstem origin, comparable to spinal forms of segmental my-
oclonus.

Spinal myoclonus originates in the spinal cord. Two distinct forms are pro-
priospinal and segmental. Propriospinal myoclonus typically involves the ax-
ial musculature, and it can be spontaneous or stimulus-induced. Movements
usually involve axial flexion but less often extension predominates. Muscle
activation spreads rostrally and caudally over many segments and speed of
propagation suggests conduction over the polysynaptic propriospinal path-
ways rather than the more rapid conduction found in other forms of myoclonus
originating from supraspinal sites (e.g., cortical myoclonus). Segmental
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myoclonus is often spontaneous and rhythmic, with a typical frequency of
1–2 Hz. It is generally not stimulus-sensitive. It involves muscles over one or
more myotomal segments and is often caused by an underlying intramedullary
lesion.

Finally, myoclonus is also classified according to etiology and it includes
physiologic, essential, epileptic, and symptomatic forms. Physiologic my-
oclonus arises in normal healthy subjects. Examples of physiologic myoclonus
are hypnic jerks and hiccups. Essential myoclonus may be sporadic or inher-
ited. These patients often have additional postural tremor or dystonia. The con-
dition, now known as myoclonus-dystonia, probably incorporates a variety of
previously separate conditions including essential myoclonus and some forms
of dystonia or tremor. Epileptic myoclonus arises in the context of seizures, in-
cluding many inherited generalized epileptic syndromes and the progressive
myoclonic epilepsies. Symptomatic myoclonias are seen in the context of an
underlying encephalopathy, and the differential diagnosis is extensive.

The causes of myoclonus and its classification are provided in Table 1.7.

Other movement disorders
There are a variety of movement disorders that do not fit the above cate-
gories. Akathisia is relatively common and since it is often drug-induced, it
deserves further consideration here. Akathisia refers to a sense of restlessness
and a need to move. Typically, the patient performs a variety of purposeful or
semi-purposeful, often complex, movements in response to the subjective rest-
lessness, including pacing when standing, marching in place, rocking, shifting
weight, moving legs when sitting, picking at clothing or hair, rubbing body
parts with hands, and other similar movements.

Another disorder in which movements occur secondary to the subjective
need to move is the restless legs syndrome. Here, unlike in akathisia, the
patient typically complains of a variety of sensory disturbances in the legs,
including pins and needles, creeping or crawling sensations, aching, itching,
stabbing, heaviness, tension, burning, or coldness. Occasionally, similar symp-
toms are appreciated in the upper limbs as well. These symptoms are usually
experienced during recumbency in the evening and are often associated with
insomnia. This condition is commonly associated with another movement dis-
order, periodic leg movements of sleep (sometimes inappropriately termed
nocturnal myoclonus). These periodic, slow, sustained (1–2 seconds) move-
ments range from synchronous or asynchronous dorsiflexion of the first toes
and feet to triple flexion of one or both legs. More rapid myoclonic movements
or slower, prolonged dystonic-like movements of the feet and legs also may
be present in these patients while awake (so called “dyskinesia while awake,’’
DWA).

Another uncommon but well-defined movement disorder of the lower limbs
has been termed painful legs and moving toes. Here, the patient typically
complains of a deep pulling or searing pain in the lower limbs, associated
with continuous wriggling or writhing of the toes. Occasionally, the ankle
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Table 1.7 Classification and causes of myoclonus

1. Physiologic myoclonus
Sleep myoclonus
Anxiety-induced myoclonus
Exercise-induced myoclonus
Hiccups
Benign infantile myoclonus during feeding

2. Essential myoclonus
Essential myoclonus∗

Hereditary
Sporadic

Myoclonus-dystonia∗

3. Epileptic myoclonus
Fragments of epilepsy

Isolated epileptic myoclonic jerks
Photosensitive myoclonus
Myoclonic absences
Epilepsia partialis continua
Idiopathic stimulus-sensitive myoclonus

Childhood myoclonic epilepsies
Infantile spasms
Lennox-Gastaut syndrome
Cryptogenic myoclonus epilepsy
Juvenile myoclonic epilepsy of Janz

Benign familial myoclonic epilepsy
Baltic myoclonus (Unverricht-Lundborg)

4. Symptomatic myoclonus
Storage disease

Lafora body disease
Lipidoses
Neuronal ceroid lipufuscinosis
Sialidosis

Spinocerebellar degeneration
Friedreich’s ataxia
Ataxia-telangiectasia
Other spinocerebellar degenerations

Basal ganglia degenerations
Wilson’s disease
Idiopathic torsion dystonia
Hallervorden-Spatz disease
Progressive supranuclear palsy
Cortico-basal degeneration
Parkinson’s disease
Multiple system atrophy
Huntington’s disease
Dentatorubropallidoluysian atrophy

Mitochondrial cytopathies
Dementias

Alzheimer’s disease
Creutzfeldt-Jakob disease
Dementia with Lewy bodies
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Viral encephalopathies
Subacute sclerosing panencephalitis
Encephalitis lethargica
Herpes Simplex encephalitis
Arbovirus encephalitis
HIV
Postinfectious encephalitis

Metabolic
Hepatic failure
Renal failure
Dialysis dysequilibrium syndrome
Hyponatremia
Hypoglycemia
Nonketotic hyperglycemia
Infantile myoclonic encephalopathy
Multiple carboxylase deficiency
Biotin deficiency

Toxic
Bismuth
Heavy-metal poisoning
Methyl bromide, DDT
Drugs (multiple)

Physical encephalopathies
Post-hypoxic myoclonus (Lance-Adams)
Post-traumatic
Heat stroke
Electric shock
Decompression injury

Focal CNS damage
Stroke
Post-thalamotomy
Tumor
Trauma
Spinal cord lesions

Paraneoplastic syndromes
Psychogenic myoclonus

∗Might represent the same entity.
Adapted from Fahn, Marsden, Van Woert [6].

and less commonly more proximal muscles of the legs are involved. Rarely, a
similar problem is seen in the upper limbs as well.

The term tardive dyskinesia encompasses a wide variety of abnormal move-
ments due to chronic neuroleptic therapy. One of the most common forms of
these movements involves the lower facial muscles and has been given a va-
riety of names including “orobuccolinguomasticatory dyskinesia.’’ The move-
ments generally comprise repetitive chewing and smacking movements with
the tongue, either briefly sticking out (“fly-catching’’ movements), or pushing
out into the cheek (“bonbon sign’’). Although the movements are somewhat
choreic they are not as random as true chorea (some have used the confusing
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term “rhythmical chorea’’). It is the more stereotypic, repetitive nature of the
movements, involving not only face but limbs, that has encouraged the more
recent term “tardive stereotypies.’’

There are a number of disorders in which abnormal or excessive startle
occurs. In some patients, one simply finds an exaggerated startle response
that habituates poorly after repeated stimuli. In others, there is an abnormal
response to the stimuli that normally evokes startle. Hyperekplexia (or hyper-
explexia), also known as “startle disease,’’ may be more akin to certain forms
of myoclonus than to a normal startle response. A variety of other unusual
disorders, first described in the 19th century, manifest excessive startle. The
jumping Frenchmen of Main, latah, and myriachit also demonstrate sudden
striking out, echo phenomenon, automatic obedience, and several other less
common features.

Some abnormal movements occur intermittently rather than in a persistent
fashion. This is typical of tics and certain forms of myoclonus. Dystonia often
occurs only with specific actions, but this is usually a consistent response to the
action rather than periodic or unpredictable. A small group of patients with
chorea and/or dystonia have bouts of sudden-onset, short-lived involuntary
movements known as paroxysmal choreoathetosis. In some the episodes can
be precipitated by volitional movements and are referred to as kinesigenic.
These episodes are typically shorter and more frequent than nonkinesigenic
forms. Response to therapy is quite different for these two types.

There are numerous abnormal movements caused by dysfunction of the
peripheral nerves (e.g., fasciculations, myokimia). These are usually easily
separated from the movement disorders described above. Hemifacial spasm
is a common disorder in which irregular tonic and clonic movements involve
the muscles innervated by the facial nerve. Eyelid twitching is usually the first
symptom followed at variable intervals by lower facial muscle involvement.
Rarely both sides of the face are affected, in which case the spasms are asyn-
chronous in contrast to other pure facial dyskinesias such as cranial dystonia.

Conclusion

We have reviewed the most common movement disorders, emphasizing accu-
rate definitions and correct characterization of phenomenology in approaching
their classification. The field is rapidly evolving, especially the genetic aspect
of these diseases and the classification will probably change in the future to
reflect our better understanding of the pathophysiology of these disorders. In
the mean time, the physician who understands this basic approach to move-
ment disorders will be able to accurately recognize them and be able to take
the appropriate steps in investigating and treating them.
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CHAPTER 2

Rating scales for movement disorders

Ikwunga Wonodi, Elliot L. Hong, Matthew T. Avila,
and Gunvant K. Thaker

Introduction

Clinical practice and research share in common the synthesis of symptoms
(subjective accounts by patients), and signs (objective observations elicited by
the clinician), into diagnostic categories. A diagnosis is a hypothesis on the
etiology of a disease, its pathophysiology, and a prediction of its course and
outcome (prognosis).

The utilization of signs and symptoms to monitor disease progression or
recovery is the hallmark of clinical medical practice or research.

In the early 1950s, the introduction of medications in the treatment of neu-
ropsychiatric disorders led to radical and optimistic changes in the manage-
ment of these disorders that otherwise were treated empirically and associated
with progressive disability, and life-long institutional care of patients. One such
class of medications was the neuroleptics used in the treatment of psychotic
disorders, and shortly thereafter, levodopa for the treatment of Parkinson’s dis-
ease. Five years after the introduction of chlorpromazine Delay and Deniker
in 1952 and then Schonecker in 1957 [1, 2] described what were probably the
first reported cases of extrapyramidal syndrome (EPS) and tardive dyskinesia
(TD). The problem of involuntary movements, the core symptomatology in
Parkinson’s disease, already existed in medical practice prior to the arrival
of the promising era of psychopharmacology. However, before the introduc-
tion of levodopa, the existing treatment for Parkinson’s disease, pioneered in
1946 by Dr Russell Meyer, was stereotactic basal ganglia surgery. Occurring
in tandem with these developments was the need to standardize observations
recorded by clinicians.

The crucial need for standardized instruments for recording involuntary
movements was thus defined along two lines: first to validate the claims and
reproducibility of treatment efficacy of stereotactic surgery versus levodopa,
in Parkinson’s disease, and secondly, to monitor the emergence of neuroleptic-
induced involuntary movements in temporal sequence to antipsychotic treat-
ment. Crane is credited with the introduction of the first rating scales for
recording hyperkinetic movement [3].

Today the neuropsychiatric community is attuned to several drug-induced
movement disorders, and there are a growing number of assessment tools

20
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available. As with any assessment instrument, a number of factors must be
considered in choosing a particular scale including item format (e.g., ordinal
or interval vs. nominal scale items), factor structure (single- vs. multi-factor
scales), scale and factor reliability (i.e., internal consistency), rater reliability,
and the available evidence for a scale’s validity (e.g., content and construct
validity, predictive validity). This chapter describes a number of rating scales –
focusing on those with published psychometric information, and is designed
to serve as a guide to both clinicians and researchers in selecting an appropriate
instrument.

Rating scales for drug-induced akathisia

The term akathisia was first coined by Haskovec in 1902 and may be translated
literally as “not to sit’’ (from the Greek “kathisia’’ – “the act of sitting’’ and “a ’’ –
negative prefix); he considered akathisia to be a hysterical or neurasthenic
symptom. Following the introduction of antipsychotic drugs, the term was
adopted to describe features of motor restlessness occurring as a side effect
of these agents. Akathisia is arguably the most common, and one of the most
distressing symptoms associated with antipsychotic drugs. The syndrome is
characterized by objective signs of motoric agitation, with inability to remain
seated, shifting in place, shuffling from foot to foot and/or pacing, and subjec-
tive complaints of distress, and restlessness usually referable to the legs. The
prevalence of drug-induced akathisia (DIA) varies widely in the literature from
12.5% to 75% with the generally accepted prevalence being approximately
20%. The wide variation is partly explained by differential ability of clinicians
to recognize this syndrome, use of high- or low-potency first-generation
antipsychotic (FGA) including some of the second-generation antipsychotic
agents, and other medications with similar dopamine receptor antagonism,
to a lack of a unified consensus between clinicians on criteria for its diag-
nosis. Some clinicians failed to include subjective accounts of restlessness as
DIA.

Inconsistencies in the phenomenological descriptions of akathisia stemmed
from the initial difficulties encountered in standardizing rating of the subjec-
tive and objective symptoms of DIA. This posed the greatest challenge for
clinicians attempting to delineate DIA from other movement disorders seen
in drug-treated patients. These include resting tremor, dystonia, tardive dysk-
inesia, tics, stereotypies, and mannerisms, a critical factor that delayed the
development of specific scales to rate this disorder. The proper identification
and evaluation of akathisia is of crucial importance given its widespread oc-
currence and its significant impact on the clinical management of psychiatric
disorders.

The evaluation of akathisia initially depended on the akathisia subscales
incorporated into the early combined rating scales developed to assess other
movement disorders. However, recent years have witnessed the development
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Table 2.1 Akathisia rating scales

Akathisia rating scales References Comments

Barnes Akathisia Scale [4] 4-item scale, global impression
Hillside Akathisia Scale [5] Modification of Simpson/Angus

scale, poor reliability in rating,
arms, head and trunk, global
impression

Prince Henry Hospital
Akathisia Rating Scale

[6] Similar to Barnes, no global
impression, intermediate ease
of use between BAS and HAS

of scales specifically designed to rate akathisia. There are several well-designed
and user-friendly akathisia rating scales (see Table 2.1). However, this chap-
ter will focus on four scales specifically designed for rating akathisia with
published reliability data on their psychometric properties. In addition, the
selected scales rate akathisia separately on subjective complaints and objec-
tive findings.

The Barnes Akathisia Scale (BARS, BAS) was developed by Braude and
Barnes and modified by Barnes [4]. It is a 4-item scale: objective (scored “0–3’’),
subjective awareness of restlessness (0–3), a subscale of the subjective items
which scores distress related to restlessness, and a global impression rating
for overall disorder. These items are scored with the patient seated, standing,
and lying. The BARS has advantages over the other scales in that (1) subjective
akathisia is rated in terms of awareness and distress, (2) patients are rated in
a variety of positions (sitting and standing) and settings (during formal inter-
view and while carrying out day-to-day activities), and (3) a global assessment
of akathisia is made. However, its rigorous detail (a 23-item scale) might make
its application cumbersome in clinical settings.

The Hillside Akathisia Scale (HAS), a modification of the Simpson-Angus
EPS Scale, has two subjective and three objective items for which anchor points
are provided, resulting in good interrater reliability among trained raters
(HAS) [5]. The scale also rates akathisia in a variety of positions, during acti-
vation (serial calculations and finger tapping), and has a yes-or-no response
to the presence of other neuropsychiatric phenomena (objective). There is an
8-item global impression scale for akathisia. The HAS is a reliable rating scale
for akathisia; however, reliability is poor when rating akathisia in head, trunk,
and in the arms.

The Prince Henry Hospital Akathisia (PHHA) Rating Scale [6] is adapted
from Braude et al. [7], and is similarly itemized as the BAS. The scale has
three subjective and seven objective items with the objective items performed
sitting (4 scores) and standing (3 scores). Unlike the BAS, there is no global
score. However, the scores rated on a 4-point scale slightly differ from the
structure of other scales in that point “1’’ is for mild but definite akathisia.
The PHHA scale has undergone further standardization in its administration
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with a resultant improvement in its construct validity. In complexity, and
ease of use, it might be considered an intermediate between the BAS and the
HAS.

Rating scales for drug-induced parkinsonian bradykinesia,
rigidity, and tremor

Rating scales for movement disorders were born out of the need to objectively
document the treatment results for Parkinson’s disease. In the 1950s, the devel-
opment of stereotactic surgery and later the arrival of levodopa made it pos-
sible to effectively control disabling parkinsonian symptoms. It soon became
apparent that standardized recording methods were imperative to monitor
and compare treatment efficacy. For the next 20 years, more and more rating
scales for Parkinson’s disease were introduced. Many rating scales were devel-
oped for clinical trials by researchers conducting particular studies to record
pre- and posttrial symptomatology. The most common critiques of many of
the rating scales introduced in this way are their lack of internal consistency
and difficulty in achieving good interrater reliabilities on individual items or
the total scores.

In the 1980s, serious efforts were made to correct the problem. The result was
the now most widely used Unified Parkinson’s Disease Rating Scale (UPDRS).
The UPDRS consists of six areas related to Parkinson’s disease: Part I: Behav-
ior, including psychiatric and motivational scores; Part II, Activity of Daily
Living; Part III: Motor examination; Part IV: Additional complications of dis-
ease or treatment (e.g., dystonia, dyskinesia); Part V: Hoehn and Yahr staging;
and Part VI: Schwab and England Activities of Daily Living Scale. Most perti-
nent to drug-induced parkinsonian symptoms is Part III, the motor examina-
tion scale. Recent data suggested a high internal consistency for bradykinesia,
rigidity, and tremor factors when used in patients with Parkinson’s disease
of all stages [8]. Both interrater and test-retest reliability were examined and
found satisfactory in large samples or multicenter studies [9, 10]. With little
doubt, the collective effort in neurology had created a rating scale that has
survived statistical examination and has been embraced by more and more
clinicians and researchers.

In contrast, the effort to develop rating scales specific for drug-induced
parkinsonian symptoms has been far less systematic. The first and once most
widely used scale for neuroleptic-induced parkinsonism, the Simpson-Angus
Scale [11], was also the most criticized one. The scale is composed of 10 items
of objective signs, rated 0–4 in severity. Specific instructions for the exami-
nation for each item are given. However, interrater reliability varied widely
among the items. Part of the reason may be due to its somewhat unconven-
tional way of conducting the examination, which made it difficult to reach
consistency among raters. The construction of the items, including one for
gait/bradykinesia, six for rigidity of various body parts, and one for tremor,
is oddly imbalanced.
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Several efforts were made to modify the Simpson-Angus Scale [12–15]. In ad-
dition, replacement of rater’s judgment with laboratory-based measures was
also attempted [16]. While each rating method showed promise, few had been
employed by researchers other than those who introduced them. Reliability
studies of these modifications outside the developing team were also scarce.
Clearly, the development of a rating scale for neuroleptic-induced parkinso-
nian symptoms has been stalled at the stage reminiscent of pre-UPDRS in
neurology.

Therefore, there is clearly a need for instruments with consensus, either
by carefully testing the existing rating scales, or constructing new ones. Mean-
while, it is not unreasonable to use the UPDRS as an instrument for neuroleptic-
induced parkinsonian signs and symptoms. Recent application of UPDRS in
psychiatric patients has shown an excellent quantification of parkinsonian fea-
tures in neuroleptic-induced parkinsonism [17]. There is need to establish the
reliability of the UPDRS or its subscales in this population.

Rating scales for drug-induced dyskinesia

A number of scales for the documentation of drug-related tardive dyskine-
sia have been developed and undergone comprehensive analyses of reliability
and validity. In contrast, dyskinesia-rating scales used by neurologists to assess
Huntington’s disease or Parkinson’s disease are less developed [18]. The great
attention given for standardizing the assessment of tardive dyskinesia in psy-
chiatry has several reasons. First, tardive dyskinesia is highly prevalent affect-
ing about 25% of patients chronically treated with FGAs. Many cases of tardive
dyskinesia were considered irreversible and difficult to treat – the arrival of
second-generation antipsychotic (SGA) agents only moderately changed the
situation. Secondly, tardive dyskinesia is often debilitating, publicly embar-
rassing, and in severe cases can cause secondary injury (e.g., lip ulcerations,
bruises, and joint inflammation). Moreover, it is one of the most likely causes
of litigation against psychiatrists.

The Abnormal Involuntary Movement Scale (AIMS) [19] is the most widely
used. It is constructed only for tardive dyskinesia, and does not include drug-
induced parkinsonian features such as tremor. It rates dyskinesia in seven body
parts on a 5-point scale. It requires simple training and is easy to use. The inter-
rater and test-retest reliabilities of the scale are excellent usually above 0.85. It
has become a trade standard – most new scales were developed by comparing
their scale’s performance to that of the AIMS. It is also the most popular scale
for evaluating involuntary movement among practicing clinicians.

The Dyskinesia Identification System-Coldwater (DIS-Co) has a reported
interrater and test-retest reliability of 0.78 and 0.77, respectively [20]. The scale
has 34 items divided for 10 body parts on a 5-point scale. The overall scheme
of the scale is similar to AIMS, but gives more detailed assessment. An abbre-
viated version with 15 items is also available [21].
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The Simpson/Rockland Tardive Dyskinesia Rating Scale [11] also contains
34 items, each being rated on a 6-point scale, plus nine unspecified items for
unusual symptoms. Unlike the AIMS and DIS-Co, it contains items assess-
ing akathisia and tremor. It is therefore not a rating scale strictly for tardive
dyskinesia as the title suggests. The reported interrater reliability is excellent,
although the test-retest reliability does not seem well documented in the liter-
ature [18]. An abbreviated version has also been developed.

The Smith Tardive Dyskinesia Scale [22] is a 24-item scale for drug-induced
tardive dyskinesia and parkinsonism. The subscores for tardive dyskinesia and
parkinsonism can be separately obtained.

Combined rating scales

Some combined rating scales have been developed with the goal of enhanc-
ing the assessment of overall drug-induced extrapyramidal symptomatology.
These scales were designed as multidimensional rating scales for the eval-
uation of antipsychotic-induced hyperkinesias, parkinsonism, akathisia, and
dystonia (see Table 2.2). While the authors of these scales had simplicity of
administration in mind, some of the scales have turned out, by reason of over
inclusiveness, to be cumbersome to administer.

Table 2.2 Combined rating scales

Combined rating scales References Comments

Maryland Psychiatric Research
Center Involuntary Movement
Scale (IMS)

[23] TD and parkinsonism in 11
anatomical areas, expanded
ordinal scale: Global TD,
Parkinsonism, Akathisia and
Dystonia scores

St. Hans Rating Scale for
Extrapyramidal Syndrome
(SHRS)

[24] Dystonia scale under development 4
components that rate: dyskinesia,
parkinsonism, dystonia, and
akathisia. Global scores Provision
for recording Dyskinesia in
activated and passive states

Extrapyramidal Symptoms
Rating Scale (ESRS)

[25] Twelve questionnaire items for
subjective reports. Objective scale
for Parkinsonism and Dyskinesia.
Sensitive to change in severity

General Akathisia Tardive
phenomena & Extrapyramidal
rating Schedule (GATES)

[26] Emphasis on ease of administration.
Multi-item scale convertible to
AIMS, BAS, and Simpson EPS
scores. Scoring guide for ESRS
included

Akinesia, akathisia, dystonia,
dyskinesia – acute and chronic.
Unpublished psychometrics
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Table 2.3 Rating scales for parkinsonian signs and symptoms

Rating scales for parkinsonian
signs and symptoms References Comments

The Unified Parkinson’s
Disease Rating Scale
(UPDRS)

[27] Rates six clinical areas related to
Parkinson’s disease. Part III:
Motor examination is most
relevant to apply to drug-induced
Parkinsonian signs and
symptoms

Simpson-Angus Neurological
Rating Scale

[11] Ten neurological signs that are rated
based on specific examination
procedures. Inadequate reliability.

The Scale for Targeting
Abnormal Kinetic Effects
(TAKE)

[15] Rates bradykinesia, rigidity, and
tremor on a 0–4 severity scale.
Parallels to that of the AIMS in
design

Table 2.4 Rating scales for dyskinesia

Rating scales for dyskinesia References Comments

Abnormal Involuntary Movement
Scale (AIMS)

[19] Sufficient reliability, most widely
used

The Dyskinesia Identification
System-Coldwater (DIS-Co)

[20] 34 items targeting 10 body parts.
Reliability and validity were
assessed. An abbreviated
version (DIS-CUS) is also
available [23]

The Simpson/Rockland Tardive
Dyskinesia Rating Scale

[11] Rates bradykinesia, rigidity, and
tremor on a 0–4 severity scale.
Parallels to that of the AIMS in
design

The Smith Tardive Dyskinesia
Scale

[22] 24 items divided into tardive
dyskinesia and parkinsonism
subscores

In this chapter, the four combined scales that meet the criteria of a composite
instrument with relative ease of administration, as well as reported interrater
reliability, and validity are presented. These are: the Maryland Psychiatric
Research Center Involuntary Movement Scale (IMS), the St. Hans Rating Scale
for extrapyramidal syndrome (SHRS), the Extrapyramidal Symptom Rating
Scale (ESRS), and the recently designed General Akathisia Tardive phenomena
& Extrapyramidal rating Schedule (GATES).

The IMS was primarily intended for rating the severity of tardive dyskinesia
and parkinsonism in clinical and research patients (see Tables 2.3 and 2.4). It
offers ratings in 11 anatomical areas as well as a rating of gait and respiratory
dyskinesias. These anatomical regions are rated in a total of 28 items. Unlike
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the Smith scale, the IMS has an expanded ordinal scale from 5 points to 8 points
(0–7), giving it advantages in the greater discrimination of anatomic place and
severity in the rating of involuntary movements. This makes the IMS a valu-
able instrument in performing neurophysiologic and psychopharmacologic
research. In addition, there are global scores for dyskinesia, parkinsonism,
and akathisia. There is an IMS dystonia version, which is still under develop-
ment. The scale has excellent psychometric properties [23]. The strengths of
the IMS are in the rating of dyskinesias and parkinsonism. In rating akathisia,
only a global scale is scored. There is no discrimination of the subjective from
objective symptoms and signs of akathisia.

The SHRS rates medication-induced hyperkinesias, parkinsonism, akathisia,
and dystonia. In contrast to the AIMS, the SHRS, like the IMS, contains sections
for scoring of parkinsonism, akathisia, and dystonia. Like the IMS, the SHRS
has mainly been used in connection with video recording. The SHRS consists
of four main components; an 8-item dyskinesia subscale with a global hyper-
kinesias score, an 8-item Parkinsonian subscale with a global parkinsonism
score, a global dystonia scale, and a global akathisia scale scoring “psychic’’
and “motor’’ symptoms of akathisia. The scores are coded on a 7-point ordinal
scale (0–6). Unlike the IMS and the AIMS, the SHS has provision for record-
ing dyskinesia in activated and passive states. In addition, the SHRS has good
psychometric qualities [24].

The ESRS consists of 12 questionnaire items to identify subjective symptoma-
tology, a clinician’s examination and scoring of Parkinsonian and dyskinetic
movements, and a clinical global impression of tardive dyskinesia. Parkinso-
nian signs are scored on an 8-item scale, under which is included akathisia (the
subjective part is noted among the nine parkinsonian symptoms in the ques-
tionnaire). Psychometrically, the ESRS was found to be sensitive in its ability
to detect changes in both Parkinsonian and dyskinetic symptoms and to give
results consistent with those from studies using standard scales such as the
AIMS [25].

The GATES, designed with a major commitment toward providing utility
for research assistants and junior staff, has three components – demographics,
subjective, and objective. This instrument is able to produce scores for a broad
range of medication-induced involuntary movements – rigidity, akinesia,
akathisia, dystonia, and dyskinesia, both in acute and chronic presentation.
In addition, scores for the Simpson EPS, Barnes’ akathisia scale, and the AIMS
are produced due to inclusion of operationally enhanced items from these
scales. A scoring guide for use with the ESRS is also produced. In keeping
with the commitment in its design, only a brief training in the assessment
of physical signs is required to be able to administer the GATES. However,
the psychometrics of the subscales are not reported [26], and the GATES
while being quite thorough in its inclusion of involuntary movements, may
have the property of being too cumbersome to administer in today’s brief
clinical encounters. It is graphical computer-based interview, and scoring and
reporting programs confer advantages for use in clinical trials research.
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In summary, we have provided a brief synopsis of a few rating scales for
the evaluation of medication-induced movement disorders. We are aware
that we may have left some good scales out of this chapter. However, we
have attempted to introduce the reader to rating scales that are unbiased,
reproducible, and fairly precise. To meet these criteria, a scale should have
established psychometric properties. These are thus important points to be
taken into consideration when clinicians and researchers make a decision on
the choice of an instrument to use. Additionally, for rater training purposes,
a brief mention of the role of video recordings is in place. They offer several
advantages. They offer a crucial method of establishing both test-retest and
interrater reliability in relation to certain types of disorder. In doing this they
provide a permanent record in a cost-effective way and are suitable for train-
ing and education. They are also very useful in conducting clinical trials for
reliability maintenance and to maintain the blind.
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CHAPTER 3

Spontaneous movement disorders
in psychiatric patients

Irene Richard, Christopher O’Brien, and Roger Kurlan

Introduction

There are a variety of movement disorders that may accompany neuropsy-
chiatric conditions and it is important that they be differentiated from those
induced by drugs. For example, the characteristic chorea or dystonia of
Huntington’s disease may be difficult to distinguish from tardive dyskine-
sias caused by neuroleptics used to treat psychiatric symptoms of the ill-
ness. Furthermore, nearly every kind of movement disorder, including chorea,
dystonia, athetosis, myoclonus, tics, tremor, and parkinsonism, may also be
seen in psychiatric patients as part of a conversion disorder, malingering, or
Munchausen’s syndrome [1–3]. They will not be discussed further. Rather,
we will concentrate on a different group of disorders of excessive or reduced
movement that have generally been considered to fall within the realm of psy-
chiatric patient populations. The hyperkinetic disorders of this group consist
of a variety of complex repetitive movements and include habits, mannerisms,
stereotypies, and compulsions. Specific examples of each of these disorders,
such as tapping, touching, or posturing, may appear identical and may be
impossible to differentiate by observation from each other or from the more
classic types of movement disorders such as tics or dystonia. Categorization of
the movements is largely based on the setting in which they occur. For exam-
ple, repetitive foot tapping might be considered a habit for a normal person,
a mannerism for a schizophrenic patient, a stereotypy for a severely retarded
individual, a compulsion when performed in response to an obsessive thought
pattern, or a complex motor tic for an individual with Tourette’s syndrome. The
hypokinetic conditions, including bradykinesia, catatonia, rigidity, catalepsy,
negativism, and mutism, must generally be distinguished from various forms
of neurodegenerative or drug-induced parkinsonism.

Hyperkinetic disorders

Habits
Habits are repetitive, coordinated movements that are commonly seen
in otherwise normal individuals, particularly during times of anxiety,
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Table 3.1 Common habits

Eyes
Eye rubbing

Ears
Ear rubbing, pulling, and picking

Nose
Nose picking, scratching, and rubbing

Mouth
Thumb and finger sucking, nail biting, picking at teeth, chewing tongue

Hair
Hair, mustache, or beard pulling, rubbing and twirling

Head
Head or chin scratching or rubbing

Hands
Fist clenching, popping finger joints, nail picking, twiddling thumbs, finger tapping and

drumming, manipulation of clothing, eyeglasses, or jewelry
Genitals

Manipulation of genitals, thigh rubbing
Legs

Foot tapping, abduction-adduction of legs

self-consciousness, boredom, or fatigue. Common examples of habits are
shown in Table 3.1. Depending on their circumstance, identical actions might
be classified as compulsions or complex motor tics. A variety of habits are seen
in normal children, but they tend to disappear over time as they are learned to
be socially inappropriate. Some habits, such as nose picking, may be socially
offensive. Chain smoking and gum or tobacco chewing could be considered to
fall within this group.

Some habits are particularly common in the course of normal develop-
ment [4]. Finger (usually thumb) sucking, or substituted sucking of a paci-
fier, blanket, or other objects, is regarded as a normal habit in early childhood.
It has been estimated to occur in 80% of all infants and usually disappears by
the age of 3 or 4 years. Occasional finger sucking, however, persists in up to
30% of 12-year-olds. If finger sucking persists in severe form much beyond
the age of 9 years, it tends to be associated with general emotional immaturity.
The cause of finger sucking is unknown, but incompleteness of the sucking
phase of feeding is a theory supported by the observation that if feeding
of some domestic animals is interrupted prior to satiety, licking or sucking
behaviors may appear.

Nail biting is a habit that usually appears between the ages of 4 and 6 years
and is reported in 40–55% of adolescents. After puberty, its frequency de-
clines rapidly so that only 20% of young adults continue to bite their nails.
Whereas finger sucking is usually seen when the child is unoccupied or get-
ting ready for bed, nail biting is associated with times of anxiety or stress. Pencil
or pen biting and chewing gum may represent substituted behaviors for nail
biting.
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Mannerisms

A mannerism is a peculiar or unusual characteristic mode of performing a
normal activity, such as eating or walking [4]. The term is applied to odd,
idiosyncratic, or bizarre variations of normal human behavior. Many normal
people possess a mannerism or two that may be regarded as no more than a
slight eccentricity. Mannerisms may be used to attract attention, particularly
in individuals who are insecure and wish to appear more confident than they
actually are. Schizophrenic patients display an astonishing number of odd,
senseless variations in normal activities for which the term “mannerism’’ has
been applied. Some examples include bizarre gaits (e.g., lifting legs like a stork),
unnatural, affective flourishes incorporated into eating behavior, imitating a
famous person’s behavior or speech, and a variety of distorted expressive ges-
tures. Mannerisms may remain constant for years or may be altered constantly.
Some mannerisms may be so extreme as to actually interfere with the under-
lying action. Schizophrenic speech may also be associated with manneristic
qualities, such as speaking in rhyme, telegrammatic jargon, or adding “ism’’ to
the end of every word.

Stereotypies

A stereotypy is a coordinated, repetitive, rhythmic, and patterned movement,
posture, or vocalization that is carried out virtually in the same way during
each repetition and is observed in an individual with defective mentation or
deprived of visual or auditory sensory input. The movements are stereotypic
in their form, body distribution, and amplitude, and the timing is predictable.
Stereotypies may include simple (e.g., body rocking, smiling) or more complex
(e.g., walking in circles, sitting down and arising from a chair) movements
(Table 3.2).

Table 3.2 Common stereotypies

Mouth
Bruxism, lip movements, biting, grimacing, smiling, frowning, vocalizations

(e.g., snorting, blowing, groaning, hissing, singing, screaming)
Head

Banging, nodding, shaking, weaving, bizarre posturing
Arms and Hands

Finger waving and flicking before the eyes, holding hand at arm’s length and watching
the fingers move, finger drumming or pill-rolling movements, hand rubbing, fist
pounding, hand to face, mouth, or ear movements, touching or stroking parts of the
body, fragments of common actions (e.g., smoking, combing hair)

Trunk
Body rocking, twirling, and circling, pelvic swaying and thrusting, sitting and arising

Legs
Jumping, hopping, lotus position, walking in circles or back and forth

Self-Injurious Behavior
Lip manipulation, hand biting, eye poking and gouging, scratching, self-beating
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Table 3.3 Conditions associated with stereotypic behavior

Mental retardation
Autism
Pervasive developmental disorder of children
Rett syndrome
Neuroacanthocytosis
Childhood encephalopathies

Viral encephalopathies
Ceroid lipofuscinosis
Phenylketonuria

Schizophrenia
Severe agitated depression
Tardive stereotypies (stereotyped orofacial dyskinesia of tardive dyskinesia)
Akathisia (acute or tardive)
Congenital blindness
Congenital deafness
Development stereotypies

While the movements are usually uniform, at times incomplete forms of
a given stereotypy may be seen. For example, instead of rocking the body
back and forth, a patient may merely nod the head. Stereotypies are generally
considered to be involuntary and non-goal-directed. However, as these move-
ments are characteristically seen in individuals with severe cognitive impair-
ment whose motivation cannot be assessed, the true intentional quality of these
behaviors remains to be clarified. Indeed, it has been suggested that stereotyp-
ies may be purposeful in that they serve as a form of self-stimulation. When
not accompanied by severe cognitive deficit, stereotypies can be temporarily
suppressed. Although patients usually have little control over stereotypies,
the movements often decrease when the patients engage in activities such
as counting or drawing. Conditions in which stereotypies occur are listed in
Table 3.3.

Mental retardation and autistic disorders are characteristically associated
with stereotypies [5]. In one study of 102 institutionalized mentally retarded
adults, 34% demonstrated at least one type of stereotypy, including rhythmic
movements (26%), bizarre posturing (13%), and object manipulation (7%) [6].
Stereotypies, including self-stimulatory behavior, often constitute the most rec-
ognizable features of children and adults with autism of any cause [7–9]. Rett
syndrome is an autistic disorder reported only in girls and associated with a
mutation in the MECPZ gene at Xq 28 [10], which is characterized by stereotypic
movements and other movement disorders [11]. The most common stereotyp-
ies include hand wringing, washing, clapping, clenching, patting, and rubbing.
In addition, other stereotypic behaviors may be seen, such as body rocking,
shifting of weight from one leg to the other, bruxism, and ocular deviations. In
patients with mental retardation and autism, stereotypic self-injurious behav-
ior may be observed. This seems particularly evident in patients with body
rocking, a stereotypy most often associated with self-hitting [12]. While head
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banging and other self-injurious behavior may occur in normal children, this
type of behavior is usually abnormal [13].

Childhood onset pervasive developmental disorder, a condition that is sim-
ilar to autism but has a later age at onset and does not present with the com-
plete clinical picture of autism, is also associated with stereotypic behavior.
Children with encephalopathy caused by phenylketonuria, infantile ceroid
lipofuscinosis (hand “knitting’’ stereotypies) [14], or a prenatal viral infection
such as rubella or cytomegalovirus, may develop an autistic syndrome with
stereotypies.

A variety of stereotypic behaviors were described in schizophrenic patients
long before the introduction of neuroleptic drug therapy. Stereotypies are par-
ticularly characteristic of the catatonic variety [15]. Stereotypic maintenance
of unusual postures, shifting position, repetitively moving mouth and jaw,
tapping or touching objects, and repetitive verbalizations are typical motor
features of the catatonic state. When catatonia is associated with stereotypic be-
havior, the diagnosis of mania should be considered [16]. Particularly strange
and excessive stereotypic behavior may be seen in catatonic and other severe
psychiatric disorders for which the terms “parakinesia’’ [17], “bizarrery,’’ or
“grotesquery’’ [18] have been applied.

Children with congenital deafness and blindness may also exhibit a variety
of stereotypic behaviors [19]. Stereotypies are generally much more bizarre and
highly repetitive in autistic children than in those with a disordered special
sensory system. The stereotypies of visually disturbed children, however, may
at times strongly resemble those of autism. The stereotypies of deaf children
are accompanied by noises, whereas those of blind children are not. It has
been suggested that severe mental retardation or autism may represent forms
of sensory deprivation, analogous to congenital deafness or blindness, in that
external stimuli are not processed in a cognitively appropriate fashion.

The term “stereotypy’’ is often employed to describe patterned and repeti-
tive movements in other settings, although we prefer usage that is restricted
to patients with severely defective mentation or severe congenital hearing or
visual loss. No clear, generally accepted definition of this movement disorder
has been formulated. At least some stereotyped activities, such as sucking and
clasping behaviors, are associated with normal neonatal motor patterns that
function to maintain close contact with the mother and that have generally been
considered reflexive. With further development, other stereotypic behaviors
may appear, including body rocking, bruxism, and head banging, the latter
seen in up to 15% of normal children. One might consider these behaviors to
represent a form of “physiological’’ or “developmental’’ stereotypy, represent-
ing a process similar to the recognized developmental chorea and dystonia
of infancy and childhood [20]. Stereotypies are also commonly observed in
otherwise normal children during times of emotional excitement.

The most typical form of tardive dyskinesia, the orofacial-lingual-
masticatory movement, has often been classified as a choreic disorder.



Spontaneous movement disorders in psychiatric patients 35

However, as the movements are less random and more predictable than clas-
sic chorea, it has been labeled by some as “rhythmic’’ chorea or stereotypy [5].
Since all known types of involuntary movement disorders can result from the
use of neuroleptic drugs, it would not be unexpected that drug-induced stereo-
typies may occur as well. The repetitive restless movements of patients with
akathisia, such as crossing and uncrossing of legs, arising and sitting down,
marching in place, and picking at clothes, have also been called stereotypic [5].
Stereotypic behavior is common in animals, particularly those housed in re-
straining environments with low stimulation [5, 21]. With the development
of stereotypies, there is a reduction in the spectrum of behaviors normally
displayed by unrestrained animals. Therefore, stereotypy has been viewed as
either a self-generating sensory stimulus or a motor expression of underlying
tension and anxiety [5]. Unfortunately, such animal stereotypic behavior as
repetitive biting, turning, and circling are not clearly related to similar behav-
iors in man [22].

Developmental and behavioral theories have been proposed [23] to explain
the origin of stereotypies in man. It has been suggested that social isolation may
convert normal developmental stereotypic behavior into autistic stereotypies
such as thumb sucking or self-clasping, a concept that has been confirmed for
primates and other animals that are isolated in development [24]. The appear-
ance of stereotypic behavior in mentally retarded children may be related to
a tendency for these children to be physically isolated or for them to be effec-
tively isolated by their mental dysfunction. Alternatively, it has been proposed
that stereotypies in these children may represent an attempt to decrease what
is interpreted as an overstimulating environment [25]. Others have suggested
that stereotypies are an attempt to increase self-stimulation to a predetermined
level [26]. One behavioral theory suggests that stereotypies arise from essen-
tially normal behaviors that are further shaped and reinforced by a process of
operant conditioning [26].

Most studies of stereotypic behavior in experimental animals have empha-
sized the role of dopaminergic systems in the basal ganglia and limbic struc-
tures [5, 23]. Intrastriatal injection of dopamine and systemic administration of
dopaminergic drugs, such as amphetamine or apomorphine, in rats produces
dose-related stereotypic behavior [27–30]. These stereotypies can be prevented
by pretreatment with dopamine receptor antagonist drugs [27]. Studies indi-
cate that the D2 dopamine receptor subtype mediates stereotypic behavior
in animals and that activation of D1 receptors potentiates these D2-mediated
effects [28–30]. A correlation between amphetamine-induced stereotypic be-
havior and striatal extracellular release of dopamine and serotonin has been
demonstrated using the technique of in vivo microdialysis in freely moving
rats [31]. Brain neuropeptides, such as cholecystokinin, neurotensin, and opi-
oids, particularly in limbic sites, may play an important role in the pathogenesis
of stereotypic behavior [32]. The relevance of the stereotypic behaviors seen in
animals to those seen in humans remains unclear. Furthermore, stereotypies
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Table 3.4 Common compulsions

Excessive or ritualistic hand washing, showering, bathing, toothbrushing, or grooming
Repeated rituals (going in/out door, up/down from chair, etc.)
Checking (doors, locks, stove, appliances, emergency brake on car, etc.)
Rituals to remove contact with contaminants
Touching
Measures to prevent harm to self or others
Ordering, arranging
Counting
Hoarding, collecting
Cleaning household or inanimate objects

appear differently in different species and the term “stereotypy’’ is often used
in the scientific literature of animal research to describe activities that are not
clearly stereotyped [21].

Compulsions

Compulsions are repetitive and seemingly purposeful behaviors that are often
performed according to certain rules (i.e., are ritualistic) and are often carried
out in order to ward off anticipated future harm or a dreaded event. For exam-
ple, repetitive hand washing is done to prevent contamination or disease, or
an individual may believe that repetitive counting of objects will prevent harm
from coming to a loved one. In this respect, compulsions occur in response to
an obsessive thought pattern. Obsessions are defined as recurrent, persistent
ideas, thoughts, images, or impulses that are not experienced as voluntarily
produced but rather as thoughts that invade consciousness and are experi-
enced as senseless or repugnant. Attempts are made to ignore or suppress
them. Obsessions are usually unpleasant and may be frightening or violent.
Examples of common compulsions and obsessions are shown in Tables 3.4
and 3.5 [33].

A pervasive pattern of compulsive perfectionism and inflexibility, including
excessive devotion to work, indecisiveness, restricted expression of affection,

Table 3.5 Common obsessions

Concern with dirt, germs, environmental toxins
Something terrible happening (fire, death/illness of self or loved one)
Symmetry, order, exactness
Scrupulosity (religious)
Concern or disgust with bodily wastes or secretions (urine, stool, saliva)
Lucky or unlucky numbers
Forbidden, aggressive, or perverse sexual thoughts, image, or impulses
Fear might harm others, self

From [33].
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and lack of generosity, is referred to as obsessive-compulsive personality
disorder. For individuals in whom obsessions and/or compulsions interfere
with normal daily functioning, the diagnosis of obsessive-compulsive disor-
der (OCD) is made. OCD is classified as an anxiety disorder since obsessive
thought patterns are associated with the development of anxiety, which may
in turn be relieved by performance of compulsions. Interference with the pa-
tient’s ability to carry out compulsive behavior is also anxiety-provoking. First
symptoms of OCD usually occur by the early twenties, may begin suddenly
or slowly, and often have an episodic course.

Obsessive-compulsive symptoms are common in other psychiatric ill-
nesses as well. About 20% of patients with major depression have obses-
sive symptoms. As reviewed by Lysaker et al. [34], between 30% and 59%
of those with schizophrenia experience significant obsessive or compulsive
symptomatology [35, 36] and 8–23% would actually meet the criteria for
OCD [37, 38]. Several investigators have suggested that schizophrenia with
obsessive-compulsive symptoms may represent a unique subgroup within
the schizophrenic spectrum [39–42].

There is a clear (but complex) interrelationship between OCD and tics. At
least 17% of adults with OCD have tics, and increased rates of tics are re-
ported in their relatives [43]. Approximately 50% of patients with Tourette’s
syndrome (TS) will show evidence of obsessive-compulsive symptoms [44, 45]
and an increased prevalence of OCD is reported in first-degree relatives of TS
patients independently of concurrent OCD in these probands [46]. One family
study on OCD has indicated that OCD is probably heterogeneous in origin,
with familial forms, one tic-related, the other not, and a form that is neither
tic-related nor familial [47]. There may be some differences in the OCD symp-
toms between patients with tics and those without tics. Studies suggest that,
in patients with tics, mental play, echophenomena, touching, symmetry be-
haviors, self-injurious behaviors, and aggressive and violent obsessions are
more frequent, whereas OCD patients without tics report more contamination
obsessions and washing behaviors [43, 48–53]. Hanna et al. [54] assessed 60
OCD patients and found that 15 had a lifetime history of tics and 45 patients
had no tic history. There was no difference between the two groups in obses-
sion categories. However, there was a significant difference between the two
groups in compulsions. Ordering, hoarding, and washing compulsions were
more common in those with no tic history.

Abnormalities of the central serotonergic system are thought to underlie
OCD and the selective serotonin reuptake inhibitor (SSRI) antidepressants
have proven to be very effective in its treatment [55, 56]. However, tic-related
OCD seems to show a diminished response to SSRI treatment as compared to
tic-free OCD, and treatment response is probably enhanced by the addition of
dopamine-blocking agents [57, 58]. This is not surprising since abnormalities of
the dopaminergic system have been strongly implicated in the development of
tics [59]. Disruption of basal ganglia-frontal lobe connections with psychosurgi-
cal procedures (particularly anterior capsulotomy and cingulotomy) has been
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used therapeutically with same success in a limited number of patients with
disabling OCD [60, 61]. Furthermore, preliminary results from recent trials [62]
suggest that deep brain stimulation (DBS) in the anterior limb of the internal
capsule may be of benefit for treatment-resistant OCD.

Proposed etiologies for OCD include genetic susceptibility [63], neurophys-
iologic abnormalities (primarily involving the neurotransmitter serotonin),
and regional brain dysfunction (particularly involving the basal ganglia and
frontal cortical connections) [60, 64–69]. More recently, poststreptococcal au-
toimmunity has been postulated as a novel etiologic mechanism for the devel-
opment of childhood onset OCD and/or tics in a minority of cases. The term
“pediatric autoimmune neuropsychiatric disorders associated with streptococ-
cal infections’’ (PANDAS) has been applied to this subgroup of patients. There
is evidence supporting an autoimmune hypothesis, which contends that strep
infections trigger an abnormal immune response and subsequent inflamma-
tory changes likely affecting the basal ganglia [70–72].

Although compulsions may at times be difficult to differentiate from com-
plex motor tics, certain characteristics of compulsions are helpful in making
this distinction. Compulsions are often associated with obsessions and/or per-
formed in response to an obsessive thought. Furthermore, compulsions are
performed according to certain rules while tics are not. The presence of such
rules indicates a ritualistic disorder, and examples include performance of
an action a specified number of times, in a specified order, or at a specified
time of day (e.g., bedtime rituals). Thus, a patient who must tap the floor in
multiples of three prior to rising from a chair is likely experiencing compul-
sive tapping, while patients who tap with no specified rule may be showing
tapping tics. Compulsions may be performed to ward off some feared con-
sequence, although this history is usually absent in Tourette’s patients with
OCD. Finally, as noted above, tics usually respond favorably to neuroleptic
medications and compulsions do not, but rather often they improve following
treatment with antidepressant medications that preferentially block serotonin
reuptake.

Hypokinetic disorders

Motor disturbances characterized by slowness or paucity of movement are
commonly encountered in psychiatric populations. Historically, patients with
such hypokinetic conditions have been classified under a variety of headings.
Catatonia, stupor, negativism, and catalepsy are terms that have been used, at
times interchangeably [23, 73–75].

One can conceptually divide the hypokinetic disorders into active and pas-
sive types. Active immobility is brought about by increased muscle tone or ef-
fort, such as maintaining a bizarre posture against gravity. In contrast, passive
immobility is related to reduced muscle tone or activation. The limp and inac-
tive posture of a depressed person serves as an example. Active and passive
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Active Passive 

Immobility  Immobility

Catatonia
Lethal Catatonia
Catalepsy
Waxy flexibility
Mitmachen

Rigidity
Mutism

Bradykinesia
Akinesia
Hypomimia
Gagenhalten

Figure 3.1 Immobility observed in patients with spontaneous hypokinesia can be viewed across a
continuum ranging between active and passive types.

immobility appear to have distinct pathophysiologic correlates and therefore
require different therapeutic considerations.

Most studies of hypokinesia in neurological and psychiatric populations
have emphasized the role of the basal ganglia in this type of movement disorder
[23, 75]. In particular, neuropharmacological manipulation of the dopaminer-
gic system has produced the most consistent effects on hypokinesia in humans
and in animal models. In general, dopaminergic stimulation ameliorates pas-
sive immobility whereas dopamine antagonism reverses active immobility.
Data from animal models support the concept that passive and active immo-
bility reflect distinct neural substrates, the former associated with dopamine
underactivity, the latter with overactivity [76]. The ability of dopamine recep-
tor antagonists to produce immobile states in animals corresponds very closely
to the drug’s affinity for nigrostriatal dopamine receptors [77]. For example,
neuroleptics with little influence on the nigrostriatal dopamine system, such
as clozapine, have little effect in this model system [78]. There also appear
to be important differences in the effects on D1 and D2 receptor subtypes, as
blockade of D2 receptors results in fixed postures in some animal species and
this response is modulated by D1 stimulation or blockade [73]. Much study
is needed to clarify the neuropharmacological basis of these phenomena. As
our knowledge of pathogenesis has improved, a number of distinct etiologies
of hypokinesis have been identified (e.g., tertiary syphilis) and accordingly
removed from the purely psychiatric realm. Although the forms of hypokine-
sia in psychiatric patients may be induced by medications (e.g., drug-induced
parkinsonism: see Chapter 6), a variety of hypokinetic conditions may also be
observed in those who are not medicated. These will be the focus of this section
(Fig. 3.1).

Bradykinesia, akinesia, and hypomimia

Although usually associated with neurological parkinsonian conditions, these
terms refer to perhaps the most common form of hypokinesia observed
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in nonmedicated psychiatric patients, particularly those with depression or
schizophrenia. Bradykinesia describes diminished velocity and amplitude of
normal voluntary movement and akinesia describes poverty of all sponta-
neous movement. These two phenomena may be seen independently of each
other and each may occur in the absence of rigidity. Diminished facial expres-
sion with a decreased rate of blinking is termed “hypomimia,’’ a feature that is
most often encountered in parkinsonian conditions and is essentially akinesia
of the face. As such, hypomimia may be found, like generalized bradykinesia
or akinesia, in a wide spectrum of psychiatric patients. In contrast to depressed
or withdrawn patients, the hypomimic state in Parkinson’s disease often does
not correspond to the patient’s reported emotional state.

Bradykinesia, akinesia, and hypomimia are frequently seen in psychiatric
patients prior to drug therapy. Most often, slow movement and easy fatigabil-
ity are encountered in patients with depression but these features have also
been reported in other affective disorders, schizophrenia, and developmental
disturbances.

Bradykinesia/psychomotor retardation in depression
“Psychomotor retardation’’ has long been recognized as a feature of major
depressive episodes. In their review of psychomotor symptoms of depression,
Sobin and Sackeim [79] note that it has been repeatedly shown that depressed
patients differ from normal and psychiatric comparison groups with regard
to objectively quantified gross motor activity, body movements, speech and
motor reaction time. The similarity between the psychomotor retardation of
depression and the bradykinesia and bradyphrenia (slowness of thought) of
Parkinson’s disease has been noted by several authors [80–86].

Sachdev and Aniss [83] studied three groups of 10 subjects each with major
depression and significant motor retardation, PD with bradykinesia, and nor-
mal controls matched for age and gender. Evaluations included finger-tapping
test, Purdue pegboard test, and global rating of bradykinesia on a 100-mm ana-
logue scale designed for this study. They demonstrated a disturbance in the ex-
ecution of simple and complex movements by subjects with major depression
and motor retardation that resembled the disturbance seen in PD. The authors
concluded that these results argue for a common pathophysiological basis for
at least some aspects of motor retardation in the two disorders and suggested
that reduced dopamine may partially account for these findings. Rogers
et al. [80] attempted to determine whether patients with depression display the
“characteristically Parkinsonian reliance on external cues,’’ and if so, whether
this is common to both melancholic and nonmelancholic types of depression.
They had subjects perform a serial choice reaction time task known to be sen-
sitive to PD movement deficits. The melancholic patients showed a parkinso-
nian pattern of impairment on the task, exhibiting a particular difficulty when
initiating movements in the absence of external cues. The nonmelancholic pa-
tients did not show motor impairment. They suggested that the cue-dependent
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deficit may be due to an underlying basal ganglia dysfunction similar to that
involved in PD (failure of internal cueing). Caligiuri and Ellwanger [83], using
a velocity scaling measure, found that 40% of patients exhibited parkinsonian-
like motor programming deficits, suggesting that a subgroup of depressed
patients exhibit motor retardation that is behaviorally similar to parkinso-
nian bradykinesia and may stem from a similar disruption within the basal
ganglia.

Overt presentations of motor slowing cannot distinguish slowness due to
primary motor disturbances from slowness due to cognitive or emotional fac-
tors. It is interesting that many of the proposed explanations for psychomo-
tor retardation in depression are that it is not a primary motor disturbance,
but rather a secondary result of changes in attention, arousal, or motivation
[87]. However, Sachdev and Aniss [83] commented that the motor change in
melancholia should not be viewed as secondary to the mood disturbance,
but rather, it should be seen as a “core’’ behavioral pattern, not merely a
symptom.

There is some evidence to suggest that psychomotor retardation may be more
common in bipolar than unipolar depression [88, 89]. More clearly, psychomo-
tor retardation has been closely linked to melancholic depression, although
there has been debate in the psychiatric literature as to whether melancholic
depression is just a more severe depression or if it signifies a separate depres-
sive syndrome with unique features.

Melancholic depression is characterized by unique emotional symptoms
(anhedonia, lack of reactivity to pleasurable stimuli, a distinct quality of the
depressed mood, and excessive guilt), vegetative symptoms (diurnal varia-
tion, early morning awakening, and diminished appetite) and motor features
(marked psychomotor retardation or agitation) [90]. Some have suggested that
the psychomotor symptoms in particular have the most discriminative validity
in distinguishing depressive subtypes [79].

The distinctions drawn in the DSM-IV [90] and the majority of reports in
the literature [87, 91, 92] support the notion that melancholic depression is
best viewed as a unique subtype. An analysis of depressive subtypes by Florio
et al. [91] supports a binary view that melancholic and nonmelancholic de-
pression are separate clinical disorders rather than different forms of the same
entity. Biochemical and molecular studies also suggest that there are two dis-
tinct subtypes. Gutierrez et al. [92] found that variability in the serotonin trans-
porter gene was associated with an increased risk for major depression with
melancholia. Wahlund et al. [93] noted that two clusters of unipolar patients
appear to exist, one with low melatonin and low psychomotor retardation
and another with high levels of melatonin and high psychomotor retardation.
Others have cited evidence that psychomotor disturbances seem to be associ-
ated with anhedonia. In a study involving 48 depressed patients, there was
a significant correlation between anhedonia and psychomotor retardation
assessed by the Widocher Retardation Scale [87].
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Movement disorders in schizophrenia

Limited information about the prevalence or natural history of motor distur-
bances in schizophrenics is available. Prior to the availability of neuroleptic
drugs, abnormalities of motor function were frequently noted [73, 75]. How-
ever, interpretation of past prevalence surveys is difficult as definitions were
inconsistent and many diagnosed “psychiatric’’ conditions would now carry
a specific neurological diagnosis. Obviously, incidence and prevalence data
are dependent upon precise definition of diagnostic terms, a goal not yet
achieved. Diagnostic criteria [94] and rating scales [95, 96] for catatonia have
recently been developed. Several recent prevalence studies are reviewed by
Manschreck, who concludes that “disturbances of voluntary motor behavior
(i.e., those that were not attributable to drug effects or known neurological
disorder) occur in virtually all cases of conservatively defined schizophrenic
disorder’’ [75]. He also notes that these motor phenomena may frequently
be overlooked and that patients should be observed for extended periods
of time.

“Negative symptoms” in schizophrenia

Schizophrenia and depression have an overlap in symptomatology, namely a
slowing in both motor and mental activities, often referred to as ”psychomotor
retardation” in depression and “psychomotor poverty’’ or “poverty of move-
ment’’ in schizophrenia [97].

The core symptoms of schizophrenia are divided into two categories, re-
ferred to as “positive’’ and “negative.’’ The positive symptoms include the
“active’’phenomena, not present in normal individuals, such as hallucinations
and delusions. “Negative’’ symptoms constitute part of a “deficit state’’ and, in
addition to abnormally reduced levels of movement, include diminished mo-
tivation (avolition/apathy), capacity for pleasure (anhedonia), and affective
expression (affective flattening). In addition to decreased spontaneous move-
ments, patients often have diminished facial expression (hypomimia), poor
eye contact, decreased speech output, and lack of vocal inflections [90, 98].

Some studies have noted that negative symptoms are more likely to be seen
in males with younger onset schizophrenia and that their presence portends
a poorer prognosis [98, 99]. Furthermore, negative symptoms have been cor-
related with “soft’’ neurological signs (e.g., eye tracking abnormalities) and
cognitive deficits (e.g., impaired attention) [100].

Both structural and functional imaging studies have revealed a relationship
between negative symptoms and prefrontal cortical abnormalities [101–103].
It has been hypothesized that the negative symptoms are related to a reduc-
tion of dopaminergic transmission in the prefrontal cortex (PFC) and that the
serotonergic system (particularly via its role in modulating dopamine) may
be important as well. Negative symptoms are not as responsive to treatment
with classical neuroleptic antipsychotics that block D2 receptors. Atypical
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antipsychotics, particularly clozapine, appear to be more effective at treating
the negative symptoms [104]. It has been proposed that clozapine’s efficacy
may result from its blockade of 5HT2A and/or 5HT1C receptors, perhaps
in addition to blockade of D2 and/or D4 receptors [105]. It has also been
hypothesized that clozapine’s efficacy for negative symptoms may be at-
tributable, in part, to the blockade of PFC D1 receptors, with subsequent en-
hancement of glutamate-facilitated dopamine activity [106].

Catatonia

Karl Ludwig Kahlbaum defined catatonia in 1868 as a condition with multiple
“symptom-complexes’’ emerging at different times during disease progres-
sion [74]. These symptom-complexes were described as clusters of abnormal
thought processes (e.g., disorientation) and motor dysfunction (e.g., increased
tone). Periods of excitation and hyperkinesia as well as stupor and hypokinesia
were described. Kahlbaum noted the association of catatonia with depression,
mania, epilepsy, generalized paresis, and other conditions. Kahlbaum’s con-
cepts were later modified and incorporated into the theories of Kraeplin and
later Bleuler within the nosologic entity of schizophrenia [107, 108]. Debates
about these writings and whether or not catatonia is specific to schizophrenia
have continued to the present [73, 109, 110].

As currently conceived, catatonia describes a symptom-complex with motor,
affective and cognitive symptoms. Both excess movements and hypokinesia,
including active and passive forms, may be part of the catatonic syndrome.
Although most frequently associated with psychotic conditions (particularly
schizophrenia) [111], it can also be seen in a variety of general medical disease
states (e.g., hypercalcemia, hepatic encephalopathy) and neurological condi-
tions (head trauma, encephalitis) [90], drug-induced disorders (neurologitic
malignant syndrome), and has been reported to occur as a complication of
autistic spectrum disorders [112].

In order to meet the diagnostic criteria for the catatonic type of schizophrenia
according to DSM-IV [90], the clinical picture must be dominated by at least
two of the features listed in Table 3.6.

Table 3.6 DSM-IV criteria for catatonia

1. Motoric immobility as evidenced by catalepsy (including waxy flexibility or stupor)
2. Excessive motor activity (that is apparently purposeless and not influenced by external

stimuli)
3. Extreme negativism (an apparently motiveless resistance to all instructions or maintenance

of a rigid posture against attempts to be moved) or mutism
4. Peculiarities of voluntary movement as evidenced by posturing (voluntary assumption of

inappropriate or bizarre postures), stereotyped movements, prominent mannerisms, or
prominent grimacing

5. Echolalia (apparently senseless repetition of a word or phrase just spoken by another
person) or Echopraxia (repetitive imitation of the movements of another person)
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The precise etiology of catatonia has not been elucidated. Functional imag-
ing studies have demonstrated disturbances in hemispheric localization of
activity during catatonic states [113] and persistent hypoperfusion of the basal
ganglia even after achieving symptomatic remission [114]. There is evidence
that schizophrenia characterized by periodic catatonia is a specific subtype
transmitted in an autosomal dominant manner with evidence for genetic link-
age on chromosomes 15q15 and 22q13 [115, 116].

It has been noted that the motor symptoms of catatonia can be treated with
benzodiazepines [117, 118] and that lithium may be helpful in its prevention
[119].

The individual signs of the catatonic syndrome (i.e., stupor, mutism, nega-
tivism, and waxy flexibility) are best considered separately as this may afford
greater diagnostic precision and, in turn, more efficacious treatment. Moreover,
each of these individual features has overlapping but not identical differential
diagnoses, many outside the sphere of schizophrenia [73].

Lethal catatonia (see also Chapter 8)

A description of a clinical syndrome characterized by extreme physical excite-
ment and exhaustion was provided by Stauder in 1934 [120]. These patients,
all young adults, progressed from agitation to fixed postures and ultimately
death. Acrocyanosis, tachycardia, and fever were usually present and autopsy
revealed no obvious cause of death. The syndrome shares some clinical sim-
ilarity with neuroleptic malignant syndrome (NMS), but several important
differences exist [121, 122]. NMS occurs with rapid onset, often without excita-
tory prodrome, and is usually secondary to drug-induced dopamine receptor
blockade. Lethal catatonia, on the other hand, was described long before the
introduction of antipsychotic medications and often includes an excitatory
prodrome. Differentiation of these two conditions is critical since very differ-
ent treatment approaches are employed. Lethal catatonia is best treated with
antipsychotics, benzodiazepines, and supportive care, while NMS requires im-
mediate cessation of such drugs and treatment with dopaminergic agents and
dantrolene (see Chapter 8). The true incidence of lethal catatonia, while low,
remains unknown. As the early treatment of psychosis may prevent the full ex-
pression of this condition, in the current era of readily available antipsychotic
therapy, NMS has become a much more common concern.

Rigidity

Three types of abnormal muscle tone have been described in psychiatric pa-
tients unexposed to psychotropic medications. Waxy flexibility is said to be
present when a posture or limb position is maintained for an extended period
of time after positioning by another individual.



Spontaneous movement disorders in psychiatric patients 45

Many unusual postures or positions have been described over the years,
some with such frequency that they have earned their own names. The
“psychological pillow,’’ for example, describes a reclining patient with
head held without support just above the bed surface. While these motor
disturbances may still be seen in patients with affective and schizophrenic
disorders, the prevalence of this phenomenon has apparently decreased over
this past century for unknown reasons. Waxy flexibility is categorized as a
form of active immobility since treatment with neuroleptics is the most effec-
tive therapy. ECT also has alleviated this disturbance.

Two other alterations of muscle tone may be mistaken for waxy flexibility.
Mitmachen describes an immediate return to a resting or initial limb posi-
tion after manipulation by the examiner. For example, a hand turned palm
up by the examiner is returned to its prior pronated position. This sign is
not specific to any psychiatric syndrome, although it is most commonly seen
in schizophrenia. Gegenhalten (counter holding) refers to variable resistance
to all passive movement. Now termed “paratonia,’’ this sign reflects bihemi-
spheric dysfunction and can be found in a wide range of conditions such as
Alzheimer’s disease, multiinfarct dementia, and metabolic encephalopathy.

Catalepsy

Most simply, catalepsy can be considered a synonym for waxy flexibility as
it refers to the maintenance of an abnormal posture for prolonged periods of
time following positioning by another. However, some authors use the term
“waxy flexibility’’ in reference to a “plastic resistance’’ to movement and re-
serve “catalepsy’’ specifically for prolonged maintenance of an abnormal pos-
ture. In catalepsy, muscle tone is variable, ranging from marked resistance to
near hypotonia. In the past, the term “catalepsy’’was also employed to describe
altered mental states and other motor disturbances, such as tonic seizures.
Catalepsy has now, however, been placed conceptually within the spectrum
of catatonia. Psychiatric patients may maintain abnormal cataleptic postures
without exposure to psychotropic medications. Limbs may be held above the
head, the trunk may be twisted, extended, or flexed, and the ball of one foot
might support a large man for hours. Patients seem surprisingly undisturbed
by these uncomfortable postures in contrast to patients with a focal dystonia,
such as spasmodic torticollis, in which discomfort is often a primary feature.
Catalepsy may be seen in patients with affective disturbances, both psychotic
and nonpsychotic, as well as schizophrenic disorders. The true incidence of
catalepsy in unmedicated patients is not known.

The term “catalepsy’’ is also employed frequently in the behavioral neu-
roscience literature in reference to animal models used to evaluate central
neurochemical systems [123]. In order to assess the impact of drugs on DA,
opioid, and other neurotransmitter systems, animals are placed in an unusual
posture, for example, limbs on elevated bars or pegs, and the time taken to
correct to normal posture is recorded. This form of catalepsy is most often
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induced by neuroleptic or opiate medications. A similarity between human
and animal catalepsy has been inferred on the basis of neuropharmacological
response, although this relationship remains speculative.

Negativism

A vaguely defined term, negativism has been applied to both observable be-
havior and inferred “internal’’ mental processes [4, 23]. As a movement disor-
der, negativism describes a motor activity or inactivity contrary to the intended
goal. This may appear, for example, in a schizophrenic patient as an inability
to shake hands due to limb withdrawal despite repeated attempts at initiat-
ing the gesture. Similar actions have also been termed motor “blocking’’ or
“ambitendency’’ [4]. As a concept, negativism appears to have little diagnos-
tic, phenomenologic, or therapeutic utility. When “negative’’ motor activity is
observed clinically, consideration should be given to more precisely defined
movement disorders or thought disturbances. For example, a patient with com-
plex motor tics or obsessive-compulsive disorder may be similarly unable to
carry out skilled actions.

Mutism

Absence of sound production in unmedicated psychiatric patients may occur
without evidence for aphasia, laryngeal, or labial dysfunction. Mutism in a
psychiatric patient capable of phonation is suggestive of psychosis or severe
depression, but absence of sound production accompanied by akinesia raises
the possibility of structural damage within the brain. Akinetic mutism has
been associated with lesions of the third ventricle, thalamic nuclei, and cingu-
late gyrus [124]. Traumatic closed-head injury may result in a similar clinical
pattern, perhaps due to the torque-induced shearing of axons in the regions
surrounding the midbrain and corpus callosum. Dopaminergic medications
such as dopamine agonists, levodopa/carbidopa, and amantadine may have
a beneficial effect in some akinetic mute patients with or without identifiable
structural abnormalities [125, 126].
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CHAPTER 4

The pharmacology of typical and
atypical antipsychotics

Gary Remington and Shitij Kapur

The introduction of antipsychotics

The discovery of antipsychotics follows an interesting and rather circuitous
path – the reader is referred to several excellent reviews of this topic [1–3].
In the first half of the 20th century, the notion that psychotic illnesses such as
schizophrenia had a biological underpinning was still open to debate. The
1950s, though, heralded the introduction of effective pharmacotherapeutic
agents for the treatment of schizophrenia and, in doing so, provided undis-
putable evidence that this illness was, at least in part, biologically mediated.
Ironically, after decades without pharmacological treatment options, two ap-
peared within several years of each other. It had been identified that the
rawoulfia alkaloid, reserpine, which was being used in the treatment of hy-
pertension, also had tranquilizing properties that proved useful in the man-
agement of various neuropsychiatric conditions. In and around the same time
though, research with chlorpromazine as a possible anesthetic agent led to the
serendipitous discovery that it too shared this particular feature, which be-
came described as “artificial hibernation.’’ It quickly became apparent that its
influence was not confined to tranquilization and that there was, in fact, an an-
tipsychotic effect. Chlorpromazine quickly established success in this regard,
and interest in reserpine soon gave way to efforts intent on establishing a better
understanding of chlorpromazine’s clinical profile and possible mechanisms
of antipsychotic action.

Herein lays one of the interesting twists that remind us of the circuitous
paths drug discovery can take, and certainly one that pertains to a chapter
such as this. It was noted that both reserpine and chlorpromazine induced
parkinsonian-like side effects, despite the fact that they were distinctly dif-
ferent chemical entities. This led to the notion that this characteristic may
be fundamental to their psychic benefits, and in 1957 the term “neuroleptic’’
(literally meaning “to take the neuron’’) was introduced to define this new
class of agents – the criteria were outlined for inclusion, one of which required
the induction of extrapyramidal symptoms (EPS) [1]. It is noteworthy that this
type of definition, based on the induction of adverse events and arising out of
work being done in Europe and Canada, was not well received by American
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psychiatry, giving rise to alternative descriptive terms, including both “major
tranquilizers’’ and “antipsychotics’’ as alternatives to “neuroleptic.’’ The defi-
nition was quickly put to use though, with the synthesis of haloperidol and its
classification as a neuroleptic based on its ability to induce both catatonia and
dyskinesias in preclinical animal models.

Dopamine, schizophrenia, and the D2 receptor

By the early 1960s, Carlsson and his group had implicated both dopamine
and postsynaptic receptor blockade as relevant to the action of antipsychotics
[4, 5]. Reserpine offered an interesting variant to a drug like chlorpromazine in
that it too disrupted dopamine activity, but did so through presynaptic amine
depletion [1, 3, 6–8]. This work became the nidus for a biochemical model of
schizophrenia, one that proposed that it was related to overactivity of certain
dopamine pathways [6, 7].

Other lines of investigation provided further support for this hypothesis,
including data that dopamimetic drugs like amphetamine induced psychotic
symptoms [9, 10]. One of the most important breakthroughs was to come from
the recognition that different dopamine receptors existed and the finding that
the clinical potencies of antipsychotics relate to their affinity for the D2 receptor
in particular [11].

The development of antipsychotics capitalized on this information, setting
as a goal the development of selective D2 antagonists. The net result was
a shift away from antipsychotics with a lower potency and greater phar-
macological heterogeneity, for example, chlorpromazine, to higher potency,
more D2-selective antipsychotics, for example, haloperidol. Paradoxically, the
second-generation antipsychotics reflect a move back to the development of
more pharmacologically “rich’’ compounds, as can be seen in Table 4.1. When
typical agents were being developed it was believed that the impact on recep-
tors and systems beyond dopamine, including histamine, acetylcholine, and
norepinephrine, was simply a source of side effects, without clinical benefit
(see Table 4.2).

However, at the same time, thinking regarding the role of dopamine
blockade began to change. No longer was it thought that the induction of EPS
was necessary for antipsychotic efficacy; indeed, years of clinical experience
suggested that this was to be avoided as much as possible. Unfortunately,
over the years the problem had only worsened as a result of the shift to high-
potency compounds that were used in increasingly higher doses in an effort
to optimize clinical response [14]. That even higher doses failed to achieve this
[15, 16] was a sober reminder that these drugs were not a panacea. As many as
25% of individuals with schizophrenia remain treatment-resistant, even with
aggressive use of conventional antipsychotics [17], indicating substantial room
for improvement (in addition to raising the possibility that other receptors
and/or neurochemical systems may play a role). There also evolved the notion
that while these drugs were largely effective on positive symptoms, there was



Table 4.1 Pharmacological profile of ‘atypical’ antipsychotics

Agent Haloperidol Clozapine Risperidone Olanzapine Quetiapine Ziprasidone Aripiprazole

Chemical class Butyrophenone Dibenzodiazepine Benzisoxazole Dibenzazepine Dibenzothiazepine Benzothiazolyl piperazine Quinolinone derivative

Receptor Bindingb

D1 +++ ++ − +++ + + −
D2 ++++ ++ +++ +++ ++ +++ +++
5-HT2 + ++++ ++++ ++++ +++ ++++ ++
∝1 ++ +++ +++ +++ ++++ ++ +
∝2 − +++ +++ − + − +
H1 − ++++ + ++++ ++++ + ++
M1 − ++++ − ++++ +++ − −
EPS Risk ++++ + +++ ++ + ++ +

Adapted from Kapur and Remington [12].
bD = dopamine; 5-HT = serotonin; ∝ = adrenergic; H = histamine; M = acetylcholine (muscarinic).

5
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Table 4.2 Possible adverse effects of receptor blockade by antipsychotics∗

Dopamine D2 receptors (antagonism)
EPS: dystonia, parkinsonism, akathasia, tardive dyskinesia, rabbit syndrome
Endocrine effects: prolactin elevation (galactorrhea, gynecomastia,

menstrual changes, sexual dysfunction in males)
Dopamine agonism

GI disturbance e.g., nausea
Behavioural/cognitive symptoms
Sleep disturbance

α1-adrenoceptors
Postural hypotension, dizziness
Reflex tachycardia
Nasal congestion

Histamine H1 receptors
Sedation
Drowsiness
Weight Gain

Muscarinic receptors
Blurred vision
Attack or exacerbation of narrow-angle glaucoma
Dry mouth
Sinus tachycardia
Constipation
Urinary retention
Memory dysfunction

Serotonin 5-HT receptors
? weight gain
? sexual dysfunction

∗This list refers to more commonly noted side effects and is not exhaustive.
Adapted from Remington and Kapur [13].

little effect on the other symptom dimensions characterizing schizophrenia.
In fact, there was not a great deal of attention paid to the other symptom di-
mensions in the initial decades after chlorpromazine’s introduction. Although
it was recognized that the symptoms of schizophrenia were heterogeneous,
the identification of distinct symptom clusters (and the potential benefit of the
newer antipsychotics along these different dimensions), really only took hold
in the 1980s with the distinction of positive and negative symptomatology [18].
Thereafter, this line of investigation flourished, particularly in the last decade
as the new antipsychotics made claims regarding clinical benefits along these
dimensions as well as others, for example, cognitive, affective [19, 20].

Clozapine and the concept of “atypicality”

A turning point in our understanding and expectations regarding antipsy-
chotics occurred with the development of clozapine. Synthesized in 1960, it
became apparent within the next decade that this compound, a dibenzapine,
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had neuoleptic-like effects without EPS, calling into question the notion that
antipsychotic action was integrally related to the presence of EPS. Its clinical
investigation received a setback in the early 1970s though, when eight deaths
occurred in Finland in patients receiving clozapine (subsequently linked to
a risk on the part of clozapine, albeit low, of developing agranulocytosis)
[21–23].

While the drug was withdrawn from use in many countries, its use continued
in others. By the 1990s, it was once again reintroduced into many others with
the caveat that routine blood monitoring be carried out, given that white cell
abnormalities were found to be reversible with clozapine’s discontinuation.
The fact that this drug would be reintroduced in the face of such restrictions
spoke of the mounting evidence supporting its unique clinical profile. Not
only was it largely devoid of EPS risk, it did not cause the hyperprolactine-
mia that characterized existing antipsychotics. Moreover, clinical experience,
culminating in a seminal study comparing it to chlorpromazine, indicated its
superiority in refractory schizophrenia as well as the treatment of the so-called
negative symptoms of this illness [24].

In distinguishing itself from all other currently available antipsychotics,
clozapine became the prototype of “atypicality’’and the stimulus for the devel-
opment of a new generation of agents. Interestingly, the definition of “atypical’’
has been somewhat of a moving target. The simplest definition, and one that
all appear to agree upon, is that of a compound that effects an antipsychotic
response while not inducing EPS [25]. Broader definitions include lack of pro-
lactin elevation, lack of tardive movement disorders with chronic exposure,
and a broader profile of symptom control. Suffice it to say that the criteria
continue to expand as other “atypicals’’ are developed and clinical experience
is gathered [26]. This holds true not only for clinical benefits, for example, cog-
nition, suicide risk, but for adverse events as well, for example, weight gain
(seen as more prevalent in the newer agents). This has led to the suggestion
that we can no longer view antipsychotics dichotomously as either typical or
atypical. With the number of criteria increasing, it is more evident that agents
may differ among each other on various measures, suggesting that we take
more of a dimensional approach [27].

The pharmacology of “atypical”

All models are wrong: some models are useful.
– Deming, “Guide to Stella’’

Clozapine, in a sense, represented a “throwback’’ in antipsychotic develop-
ment. With the major hypothesis of schizophrenia being one of hyperdopamin-
ergic activity, and increased recognition regarding the role of the D2 receptor
in antipsychotic activity, focus had shifted to the development of selective D2

antagonists, the so-called high-potency antipsychotics. Clozapine, like chlor-
promazine, was a low-potency agent with a heterogeneous receptor-binding
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profile; moreover, it was identified as having a relatively low affinity for the
D2 receptor [22].

Given its documented efficacy though, there was reason to question if undue
importance had been attributed to dopamine and its role in antipsychotic ac-
tivity. Thus, clozapine turned out to be an exciting molecule at several levels. It
affirmed that an antipsychotic could be effective without the induction of EPS,
changing fundamentally the direction of antipsychotic development. By call-
ing into question the importance of dopamine blockade, it also challenged the
most widely held model for schizophrenia, opening up numerous possibilities
in terms of alternative mechanisms of action.

In this search, a variety of hypotheses have been forwarded and it is beyond
the scope of this chapter to review them all. However, certain models have
garnered particular attention and, in fact, have come to provide conceptual
frameworks for currently available antipsychotics. Four in particular stand
out: serotonin 5-HT2/dopamine D2 binding ratio; fast dissociation from the D2

receptor; partial dopamine agonism; and, limbic selectivity. Various aspects of
this section have been detailed in earlier work by the authors [12, 26, 28].

Serotonin 5-HT2/Dopamine D2

Notable in clozapine’s pharmacological profile is its serotonin 5-HT2 binding –
its affinity for these receptors has been shown to be twice as high as for D2 re-
ceptors [29]. Based on preclinical work with a number of compounds, Meltzer
et al. postulated that it was this profile of greater 5-HT2 versus D2 antagonism
that accounted for clozapine’s “atypical’’ clinical characteristics [30–32]. De-
velopment of putative antipsychotics embraced this model, hoping to capture
clozapine’s clinical benefits by incorporating this profile, while at the same time
avoiding its troublesome side effects, in particular the risk of agranulocytosis.
A number of such compounds were successfully brought to the market, includ-
ing risperidone, olanzapine, quetiapine, ziprasidone, and zotepine (sertindole,
also fitting this profile, was released briefly before being withdrawn due to
identified problems related to prolonged QTc prolongation).

Numerous studies attesting to their clinical superiority on various symptom
dimensions have been published [19, 20, 33, 34], although the extent and cause
of these benefits have also been challenged [35–38]. One aspect that has been
emphasized is a superior EPS profile, perhaps not so surprising given the
established role of dopamine in such movements and evidence of serotonin’s
capacity to modulate dopamine at the level of the nigrostriatal pathway [39].
As a class the newer antipsychotics have been associated with a decreased
risk of acute EPS, notwithstanding the issue of dose [35, 37, 40], and although
long-term data are only available for clozapine [41] the preliminary evidence
suggests that the benefit extends to a diminished risk of tardive movement
disorders as well [42–47].

Given the heterogeneous receptor-binding profile of these different agents,
the contribution of other systems to the clinical benefits of the newer antipsy-
chotics cannot be ruled out. For example, clozapine’s pharmacology includes
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anticholinergic activity [22], which in and of itself can mitigate against EPS.
Similarly, amisulpride has also been reported to produce less EPS than con-
ventional agents, despite being devoid of concomitant 5-HT2 antagonism [48].

This last point serves as a reminder that there are limitations challeng-
ing the notion that the 5-HT2/D2 model represents the only explanation for
“atypicality’’:
(a) It warrants repeating that this particular model hinges on a profile of
greater 5-HT2 versus D2 antagonism; thus, compounds are not atypical simply
because their profile includes 5-HT2 binding. Loxapine, for example, in vivo
demonstrates 5-HT2 binding that approximates its D2 binding curve [49–51],
yet it is not atypical in the clinical setting. Moreover, the ratio of greater 5-HT2

versus D2 binding can be lost in a dose-dependent fashion. That is, with increas-
ing doses 5-HT2 binding approaches saturation while D2 occupancy continues
to rise, with the net result being loss of the differential binding. As a result, the
compound can begin to look like a typical antipsychotic, for example, in terms
of EPS, in a dose-dependent fashion [39, 52].
(b) Investigative trials with selective 5-HT2 antagonists such ritanserin and
M100906 indicated that they were not effective antipsychotics. Therefore, while
the 5-HT2 antagonism may have some modulatory role, or perhaps even a
primary role in other symptom dimensions, it is not the critical component in
antipsychotic efficacy.
(c) There are antipsychotics that have claimed atypical status, for example,
amisulpride, aripiprazole [48, 53], although they are not characterized by this
profile of greater 5-HT2 versus D2 antagonism, suggesting that this can be
achieved through other mechanisms as well.

Fast dissociation from the D2 receptor
A feature that all currently available antipsychotics, typical as well as atypical,
share in common is that of D2 antagonism. In contrast to selective 5-HT2 an-
tagonists, selective D2 antagonists have proven to be effective antipsychotics;
taken together, the evidence would suggest that D2 blockade is the sine qua non
of antipsychotic activity. At the same time, it cannot be sufficient as we can
see refractory forms of psychosis even in the face of significant D2 antagonism
[54].

An interesting twist to the D2 story has arisen more recently. That is the
notion of differential dissociation from the D2 receptors [55–58], and there are
two aspects to this story: molecular and systemic. At a molecular level, in
vitro studies demonstrated that antipsychotics dissociate from the D2 receptor
at very different rates, expressed as a koff value. As a group, the atypicals
appear to have higher koff values, that is faster dissociation rates, than the
conventionals, but they differ among themselves on this dimension as well,
for example, quetiapine > clozapine > olanzapine [57, 58]. A second aspect to
this story is systemic (vs. molecular). The principle is similar, but in this case
other variables must be factored into the equation, for example, half-life (t1/2)
and koff.
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This model accounts for several features of clozapine which were, for
some time, difficult to explain. Clozapine’s low affinity for the D2 receptor,
in combination with its robust clinical response, challenged the notion that D2

antagonism was necessary for antipsychotic efficacy. This was highlighted
when evidence indicating that a threshold of D2 occupancy in the range of
60–70% was required to optimize chance of clinical response – it was found
that even higher doses of clozapine routinely failed to reach this level. Indeed,
the dose-D2 occupancy curve appeared relatively flat, a profile not seen with
other atypicals such as risperidone and olanzapine [59]. It was subsequently
established that this “glass ceiling’’ reflected a sampling interval that did not
fully capture the occupancy curve over time. PET scans at approximately
12 hours following last administered dose did imply that the clozapine D2

binding profile defied the existing threshold data. However, if the scans were
carried out closer to the time of the last dose, that is approximately 3 hours
later, this was not the case. Thus, what characterized clozapine was not its lack
of D2 binding, but rather its profile of transient D2 binding in the 24 hours
following administration. It and quetiapine, in particular, reflect a profile of
higher D2 occupancy in the initial hours after treatment, while toward the end
of the 24 hours their levels are quite low [54].

While clozapine and quetiapine are similar in this regard, other atypicals like
risperidone and olanzapine demonstrate higher D2 occupancy in the initial
hours following their administration, and are less transient over a 24-hour
interval (although more so than what is seen with a conventional antipsychotic
like haloperidol [60, 61]).

These findings dovetail nicely with what is seen in the clinical setting re-
garding EPS risk. An increased risk of EPS has been shown to occur with D2

occupancy in the range of 80% or higher [62, 63]. Whereas compounds like
olanzapine and risperidone will exceed this threshold as doses are increased,
this is not the case for either clozapine or quetiapine. These data support the
position that both of these agents do not need to call upon their concomitant
5-HT2 antagonism to diminish EPS risk – their D2 occupancy, even at higher
doses does not come close to approximating the 80% threshold associated with
EPS risk.

It is more difficult to reconcile the EPS data with a model based on 5-HT2/D2

ratios. For example, by most accounts the order of freedom from EPS for olan-
zapine, quetiapine, and risperidone is: quetiapine > olanzapine > risperidone;
however, their 5-HT2/D2 ratios are in exactly the opposite order, that is, risperi-
done [21] > olanzapine [8.9] > quetiapine [2.6] [64].

Are there other clinical implications associated with the fast dissociation
model? It is recognized that dopamine is required for a number of functions,
for example, movement, affect, cognition [65], and it is possible that its role
in normal functioning may be less disturbed by compounds that do not cause
sustained D2 blockade. At a molecular level, antipsychotics with higher koff
values are better able to decrease their occupancy in response to increased
dopamine surges required for task-related activities. At a systems level, the net
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result includes only transient prolactin elevation and a lack of D2 up-regulation
with continued administration [12, 28, 58]. Clinically, it can be argued that many
of the benefits ascribed to the second-generation antipsychotics reflect this
profile of transient, rather than sustained, D2 antagonism. This would include
decreased EPS (and, therefore, secondary negative symptoms), in addition to
decreased affective and cognitive disturbances.

Partial dopamine agonism
The most recent entry into the antipsychotic market in North America is arip-
iprazole. It has been suggested by some that it reflects a new generation of
antipsychotics, that is, the third generation, since it is unlike conventional an-
tipsychotics clinically and yet does not fit the 5-HT2/D2 model. This is in con-
trast to all other second-generation antipsychotics available in North America.

It demonstrates both 5-HT1A agonism and 5-HT2 antagonism, although its
affinity for the D2 receptors exceeds that for serotonin by an order of magni-
tude. Thus, it does not conform to the standard 5-HT2/D2 model. What makes it
particularly unique amongst the newer antipsychotics is its combined agonist/
antagonist properties at the D2 receptor [66]. Although clearly different from
the fast dissociation hypothesis, a parallel can be drawn in that both are mecha-
nisms of providing appropriate modulation of D2 transmission at the receptor
level.

Limbic selectivity
It has long been felt that the ideal antipsychotic would selectively block
dopamine at the level of the mesolimbic system, since it has been hypothesized
that hyperdopaminergic activity here accounts for the positive symptoms of
psychosis, for example, hallucinations. In by-passing the blockade of other
dopaminergic pathways, one could avoid such side effects as EPS (nigrostri-
atal) and hyperprolactinemia (tuberoinfundibular).

Several lines of investigation have suggested that the clinical advantages of
the newer antipsychotics may, at least in part, be ascribed to a profile of limbic
selectivity. One means of exploring this hypothesis has been the evaluation
of early gene expression (c-fos and c-jun) as a marker of synaptic activity. Nu-
merous reports have suggested that, as a class, the newer antipsychotics show
regional differences based on these markers; for example, one of the more
consistent findings has been increased c-fos expression in the limbic versus
striatal regions, supporting the notion that the atypicals share in common the
pharmacologic advantage of limbic selectivity [67–70]. Clinically, this could
account for their diminished risk of dopamine-related side effects such as EPS
and elevated prolactin.

The opportunity to evaluate D2 occupancy extrastriatally has been seen as
adding further support for this model, with evidence that atypicals demon-
strate preferential binding for extrastriatal structures, for example, temporal
cortex [71–75]. However, results have not been entirely consistent and the find-
ings have been criticized on methodological grounds [76, 77].
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Other
In the last decade, much of our attention regarding “atypicality’’ has been
focused on dopamine and serotonin, and they continue to be the subject of
intense investigation. Work involving serotonin has largely focused on the
5-HT2A receptor, but more recently attention has turned to the evaluation of
other serotonergic receptors in terms of both clinical response and side effects
[78–82]. For example, the 5-HT1A receptor has been implicated in anxiety, de-
pression, and negative symptoms, while the 5-HT2C receptor has been linked
to weight gain and improvement in EPS. In terms of dopamine, the role of
the D3 receptor, if for no other reason than its localization in limbic regions,
remains intriguing but poorly understood [83–85]. As discussed earlier, the
predominance of D1, as compared to D2, receptors in the prefrontal cortex,
their apparent interactive roles, and the prominent D1-binding properties of
clozapine, all contribute to an ongoing interest in this particular receptor.

There is abundant reason to look beyond dopamine and serotonin as
well, given the heterogeneous receptor-binding profile of these different com-
pounds. Such reviews may be found in other sources [86–88].

The one system warranting comment based on the amount of attention it is
currently receiving is glutamate [66, 89–91]. A strong argument for this model
arises from the fact that phencyclidine (PCP), a psychotomimetic street drug,
noncompetitively blocks the ion channel of the N-methyl-aspartate (NMDA)
subtype of the glutamate receptor. This model does not contradict a role for
dopamine; for example, one action of dopamine is to inhibit glutamate release.
Thus, a state of dopaminergic hyperactivity could lead to NMDA receptor
hypofunction, which in turn could produce the various symptoms linked with
psychosis. To date, work with compounds acting at the level of the NMDA
receptor, for example, D-cycloserine, glycine, have reported modest benefits in
the treatment of positive symptoms, with more compelling evidence favoring
effectiveness in negative and cognitive symptoms [92–97].

In summary, it would be inaccurate to suggest that the data convincingly
support one particular model, or conversely, that we can categorically dismiss
any one of these. As is the case so often, the models best offer a framework
for hypothesis testing that in the end advances our understanding of how
antipsychotics work.

What can be said is that the newer antipsychotics do seem to hold advan-
tages in terms of the various movement disorders associated with conventional
antipsychotic use; these include acute dystonias, parkinsonism, akathisia, and
tardive movements disorders. A comment is warranted, though, regarding the
issue of dose. Over the years, the dosing of conventional antipsychotics in-
creased considerably, well beyond what is currently recommended or what
has been advocated based on empirical evidence. It has been argued that the
difference between the older and newer antipsychotics may be overstated, re-
flecting more the inappropriately high doses of conventional antipsychotics
often used for comparison purposes the than fundamental differences related
to pharmacology [37, 98]. While this may be true to some extent, there is now
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evidence that even at lower doses the risk of movements with the older drugs
is higher. For example, several reports have indicated a higher risk of both
parkinsonism and TD with conventional antipsychotics, even when used at
doses in keeping with current guidelines [45, 99].

We are reminded as well that differences exist between the newer antipsy-
chotics. Risperidone, and to a lesser extent olanzapine and ziprasidone, appear
to invoke acute EPS in a dose-related fashion, whereas this does not appear to
be the case for clozapine and quetiapine. This might best be explained by the
fast dissociation model, since clozapine and quetiapine, the two atypicals iden-
tified as having the fastest koff values, do not show in vivo the same dose-related
increase in D2 occupancy that is observed with agents such as risperidone and
olanzapine [12, 59, 100].

Currently, the evidence suggesting a lower risk of tardive movement disor-
der is most compelling for clozapine, but this really reflects the fact that there
are much more long-term data on it compared to the other newer antipsy-
chotics. The evidence, albeit limited, that exists for these other compounds
would suggest that they too are considerably better than the older antipsy-
chotics in this regard.

In conclusion, the new compounds represent a step forward in terms of D2-
related side effects, including both EPS and hyperprolactinemia, when com-
pared to their conventional counterparts. However, it is important to recognize
that the newer antipsychotics are not equivalent to each other in this regard.
Moreover, while they do seem superior to typical agents, they are not without
side effects; for example, as a class they seem to be worse in terms of weight
gain and an increase in diabetes has been reported that may not simply be a
function of the weight increase [101, 102]. As with EPS, it appears that the new
antipsychotics will differ between themselves along this dimension.

What aspects of these drugs’ pharmacology account for the reduced risk of
movement disorders? We have outlined here a number of theories that purport
to account for this clinical benefit. That there is not a unitary explanation is
not so surprising, as it is likely that “atypicality’’ can be achieved through a
variety of pharmacological directions. In line with this thinking, it would seem
simplistic to view these new antipsychotics collectively as identical, especially
given their diverse pharmacology and the number of clinical dimensions we
now address with respect to both outcome measures and side effects. It is more
prudent to imagine that each will have its own individual profile, and it will be
the “sum of the parts’’ that will guide a clinician’s decision-making in choosing
an antipsyshotic for a particular individual.
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CHAPTER 5

Acute drug-induced dystonia

Michael F. Mazurek and Patricia I. Rosebush

Introduction

Antipsychotic medications are used to treat a wide range of neuropsychi-
atric disorders, including schizophrenia, acute mania, drug-induced psychosis,
Tourette’s syndrome, and Huntington’s disease. Since shortly after the intro-
duction of chlorpromazine in the early 1950s, it has been recognized that an-
tipsychotic agents are associated with a number of acute and subacute neu-
rological side effects, one of which is dystonia. Recent experience has shown
that many of the newer “atypical’’ antipsychotic drugs, once thought to be
relatively free of neurological complications, are in fact fully capable of pro-
voking acute dystonic reactions. Other types of medication, particularly anti-
emetic compounds and selective serotonin reuptake inhibitors, can also induce
dystonia.

The present review starts with conventional antipsychotic drugs, since most
of the data regarding the clinical features, incidence, and risk factors for drug-
induced dystonia are derived from the study of patients taking these agents.
This is followed by an outline of the evidence linking various other medications
with dystonia. The final sections discuss pathophysiology, treatment issues,
and emerging research developments.

Conventional antipsychotic drugs

Clinical features
Signs and symptoms
Drug-induced dystonia may involve any part of the body. The most commonly
affected muscles tend to be those of the neck, resulting in a turning of the head
to one side (torticollis) or a pulling of the head straight back (retrocollis). In
the retrospective series reported by Swett [1], torticollis accounted for about
30% of cases, while in our own prospective series [2–5] 42% of the dystonic
reactions involved torticollis/retrocollis (Fig. 5.1).

Another common site of drug-induced dystonia is the jaw, which was af-
fected in 39% of the patients in our series. In milder cases this may mani-
fest as grimacing and a sense of tightness in the jaw muscles, but some pa-
tients (almost 15% in the Swett study) develop masseter spasm sufficiently
severe to produce jaw closure (trismus). The most clinically worrisome site of
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Figure 5.1 Anatomical targets of dystonic reactions in patients taking antipsychotic drugs for the
first time.

drug-induced dystonia is the throat, which was involved in 19% of our cases
and an unspecified number in the Swett series. This typically begins with a
sense of tightness in the throat, often accompanied by difficulty in swallowing.
If not treated immediately, the problem can progress to laryngospasm and/or
supraglottic pharyngeal dystonia, with potentially fatal consequences [6, 7].

One of the more bizarre but surprisingly common forms of drug-related
dystonia is the “swollen tongue.’’ This phenomenon was present in 17% of
cases in the Swett series and in 18% of ours. It has generally been assumed
that the symptom of tongue swelling is simply a subjective sensation, but our
experience suggests that this may not be the case. In several patients we have
witnessed what appears to be actual swelling of the tongue, though we have
unfortunately never managed to obtain photographic documentation of this
observation.

Perhaps the most spectacular manifestation of drug-induced dystonia is the
oculogyric crisis, in which the eyeballs appear to roll up into the head. This
unforgettable clinical scenario represented 6% of the dystonic reactions re-
ported by Swett and 14% in our series. Oculogyric crisis was well known to
neurologists in the first half of the 20th century, being observed in up to 20%
of patients who had recovered from the acute phase of encephalitis lethargica
[8]. By description, the postencephalitic cases of oculogyric dystonia appear
to have been very similar to those that develop in the context of antipsychotic
drug treatment. It is not clear why, in both clinical settings, the rotation of the
eyes is almost invariably upward.

Dystonia of the facial muscles can result in curling of the upper lip, produc-
ing a sneering appearance and eyelid closure manifesting as blepharospasm.
These distributions are rarely seen with conventional antipsychotic medica-
tions.
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While a majority of drug-induced dystonic reactions target the muscles of
the head and neck, the trunk and limbs can also be affected. Truncal dystonia
manifested as a bizarre arching of the back (opisthotonus) in 3.5% of the cases
described by Swett and in 12% of our cases. In our experience, opisthotonus
and oculogyric dystonia have often been misinterpreted as willful posturing
or attention seeking on the part of the psychiatric patient, with unfortunate
consequences for treatment.

Dystonic reactions involving the upper limbs, seen in 18% of our cases, typi-
cally manifest as wrist flexion along with extension of the forefinger and flexion
of the other fingers, as if the patient were pointing with the forefinger. In the
lower limbs, the dystonia most commonly presents as a foot cramp, although
proximal muscles may on occasion be involved. Unlike opisthotonus, dys-
tonic spasms in the hands and feet tend not to be misinterpreted as voluntary
posturing.

Emotional accompaniments
Many episodes of dystonia develop in the context of situational stress. One
interpretation of this is that a heightened emotional state may play a role in
precipitating an attack, such as was proposed to have occurred with posten-
cephalitic dystonic attacks [9]. Alternatively, the state of emotional arousal
may represent the prodrome or the initial symptoms of the developing dys-
tonic episode [10]. The fairly abrupt onset of acute distress, particularly in a
newly treated patient, warrants a careful examination for incipient dystonia.

Whatever the role of antecedent stress in precipitating or heralding a dys-
tonic reaction, there is unanimous recognition that the dystonic reaction itself
is associated with a great deal of anxiety on the part of the patient (and also,
not uncommonly, on the part of the staff).

Timing
The vast majority of acute dystonic reactions occur very early in the course of
antipsychotic drug treatment [2, 3, 11–13] (Fig. 5.2). The attacks begin suddenly,
often building to full intensity within a minute or two of onset.

An intriguing aspect of antipsychotic drug-induced acute dystonia is the
circadian pattern in the timing of the attacks. In a study of 196 consecutive
reactions, episodes of acute dystonia were four times more likely to occur dur-
ing the afternoon or evening (between the hours of 12 noon and 11 p.m.)
than during the night or morning (i.e., the period 11 p.m. to 12 noon [4]
Fig. 5.3). Analysis of the data indicated that the observed circadian pattern
could not be accounted for by sleep, fatigue, changing blood levels of medi-
cation, or time elapsed from the last dose. This suggested that the circadian
pattern of dystonic reaction might be related to endogenous diurnal rhythms
[4]. A similar pattern of diurnal variation, with dystonia more likely to occur
later in the day, was observed in patients with postencephalitic oculogyric
crises [9, 10, 14].
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Figure 5.2 Timing of first dystonic reaction after initiation of antipsychotic medication in patients
with no previous exposure to neuroleptic drugs.
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Epidemiology
Incidence
Estimates of the incidence of acute dystonic reaction after treatment with an-
tipsychotic medication are dependent on a number of factors, including the
patient population being studied, the type and dosage of drug being adminis-
tered, and the concurrent use of prophylactic medication. Since most dystonic
episodes occur within the first week of drug treatment, the figure of greatest
interest is the risk of acute dystonia among patients taking antipsychotic drugs
for the first time. Studies focusing on patients with first-onset psychosis treated
with conventional neuroleptics have reported the risk of drug-induced acute
dystonia to be in the range of 34–60% [4, 13, 15–17]. Among those with chronic
illness on maintenance doses of medication, the incidence of dystonia is much
lower, with one study reporting a figure of 1.7% over a 2-month period [18].
The precise figures for both first-onset and chronic patients will be strongly
influenced by some of the factors outlined below.

Risk factors
Age
There is a strong negative correlation between the age of the patient and the risk
of suffering a dystonic reaction upon exposure to antipsychotic medication.
Keepers and Casey [19] reported a linear reduction of risk between the ages of
10 and 40 years, with the risk falling from over 60% among those younger than
20 years to almost zero after the age of 40 years. This agrees with general clinical
experience as well as with data from our own prospective series (Fig. 5.4).

Sex
Early data from retrospective studies suggested that males may be at a
higher risk of developing drug-induced dystonic reactions [1, 11]. More recent
prospective investigations, however, have failed to confirm this association,
finding instead either no sex difference [13, 17] or a higher risk for females [16].
Our own prospective study of drug-naı̈ve patients indicates that, once age is
taken into account, men and women are at equal risk of developing dystonic
reactions when exposed to antipsychotic medication (Fig. 5.4).

Cocaine
Among the various drugs abused by psychiatric patients, cocaine has emerged
in recent years as an important risk factor for drug-induced acute dystonia. A
small study of cocaine addicts found that a high percentage (86%) developed
dystonic reactions when exposed to the antipsychotic medication, haloperi-
dol [20]. This was followed by two further studies that reported a three-fold
increase in dystonic reactions among cocaine users [21, 22]. A more recent
prospective investigation confirmed that cocaine is a significant risk factor for
the development of drug-induced dystonia, with a relative risk of 4.4 [23]. Case
reports suggest that cocaine may, even without concurrent administration of
antipsychotic drugs, be capable of triggering a dystonic reaction [24, 25].
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Figure 5.4 Incidence of acute dystonic reaction as a function of age and sex in patients receiving
antipsychotic medication for the first time.

Previous dystonic reaction
A substantial fraction of patients who experience a dystonic reaction when
treated with antipsychotic medication will go on to experience further episodes
as treatment is continued [4, 19]. Among the first 89 patients in our prospective
series who suffered an initial episode of dystonia, 51 (57%) had at least one
more dystonic reaction during their in-patient hospitalization [4]. Those with
recurrent episodes almost invariably had more widespread dystonia, with
involvement of multiple body parts [2, 3].

Dosage of antipsychotic medication
The relationship between drug dosage and the risk of acute dystonia is not as
straightforward as might be supposed. While one study reported a positive
correlation between dosage and rates of dystonia [26], other evidence suggests
an inverted U-shaped curve, with middle-range doses more likely to produce
dystonia than very low or very high dosing schedules [19]. Our prospective
investigation of drug-naı̈ve patients showed that, even at very low dosages
(mean daily dose of haloperidol 3.7 mg, which translates roughly into 175 mg
of chlorpromazine equivalents), the risk of dystonia is substantial in this pop-
ulation [5]. It may be that dosage is related to neuroleptic-induced dystonia
more as an epiphenomenon than as a direct risk factor.
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High-potency versus low-potency medication
Epidemiological studies indicate that the risk of inducing dystonia is re-
lated to the potency with which the antipsychotic drug blocks D2 dopamine
receptors. High-potency agents, such as fluphenazine or haloperidol, have
been associated with a much higher rate of dystonic reaction than lower-
potency medications, such as thioridazine or chlorpromazine [27, 28], while
drugs with intermediate levels of affinity for the D2 receptor, such as per-
phenazine, fall somewhere in between. It is not clear, however, that this re-
lationship between potency and dystonia is directly related to the receptor
binding properties of the drugs. Baldessarini and colleagues [29] found that
when antipsychotic equivalency was taken into account, there is a tendency for
high-potency medication to be used in substantially higher doses than lower-
potency agents. Others have pointed out that the lower-potency agents tend
to have greater anticholinergic actions [30]. In other words, the higher risk of
dystonia observed with high-potency antipsychotics may be attributable, at
least in part, to differences in effective dosage and associated anticholinergic
properties.

Concurrent AIDS infection
It has been recognized for some time that patients with acquired immun-
odeficiency syndrome (AIDS) are prone to developing neurological side ef-
fects, including parkinsonism, dystonia, and catatonia, when treated with an-
tipsychotic medication [31–36]. A retrospective study estimated the risk of
drug-induced extrapyramidal problems to be 2.4 times higher in AIDS patients
than in age-matched psychotic patients without AIDS [32]. This AIDS-related
vulnerability is consistent with increasing evidence that the AIDS virus may
preferentially target the nuclei of the basal ganglia [37–39].

Atypical antipsychotic drugs

Clozapine
Originally developed in 1960 as a potential antidepressant, the dibenzodi-
azepine compound clozapine went almost 30 years before its antipsychotic
properties came to attention. The landmark clinical trial [40], which demon-
strated the efficacy of clozapine focused on patients with chronic schizophrenia
who were resistant to standard antipsychotic drugs. Because of its propensity
to cause agranulocytosis, clozapine continues to be used almost exclusively
for patients who do not respond to, or who cannot tolerate, other medications.

From the beginning, it has been clear that clozapine has a much different
side effect profile than conventional antipsychotics. This includes an almost
negligible tendency to induce acute dystonic reactions, with only the occasional
isolated case report appearing in the literature [41]. This may, in part, reflect
the fact that clozapine is used only for those with previous, and generally
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rather prolonged, exposure to antipsychotic medications. As noted earlier, the
vast majority of dystonic reactions occurs very early in the course of treatment.
Even in chronically treated patients, however, the incidence of dystonia is in the
range of 2–3% with conventional antipsychotic drugs [11, 18], but close to zero
with clozapine, suggesting that the lack of dystonia with clozapine requires
some other explanation. The most likely reason for the “atypical’’ side effect
profile of clozapine lies in its pharmacology, with very low binding to the D2

dopamine receptor accompanied by strong anticholinergic action.

Risperidone
The breakthrough discovery with clozapine was that the antipsychotic effi-
cacy of a drug is not inextricably linked to neurological toxicity. This insight
has given rise to a search for other “atypical’’ agents that might share the be-
nign neurological profile of clozapine without producing its unwanted hema-
tological side effects. The first of these newer drugs was risperidone, which
was proclaimed in the early 1990s to have a side effect profile comparable
to that of a placebo [42–44]. This putative lack of neurological toxicity was
ascribed to the high affinity of the medication for the 5-HT2a serotonin re-
ceptor [45], the notion being that this antiserotonergic action might, through
some unclarified mechanism, nullify the potent D2 receptor blockade that
risperidone is known to produce in the striatum [46]. Other pharmacologi-
cal properties of risperidone include antagonism at the ∝-1 and ∝-2 adren-
ergic receptors, but only very low affinity for the muscarinic acetylcholine
receptor [47].

Contrary to initial expectations, the currently available literature suggests
that the risk of acute dystonia with risperidone is roughly comparable to
what is observed with older antipsychotic drugs [48]. In a prospective study
of 246 consecutive acutely psychotic, neuroleptic-naı̈ve patients treated
with either low-dose risperidone (mean daily dosage 3.2 mg) or low-dose
haloperidol (mean dosage 3.7 mg), dystonic reactions were recorded in 26.4%
of the risperidone-treated patients, a figure which did not differ significantly
from the rate of 34.5% among patients treated with haloperidol [5] (Fig. 5.5).
An earlier multicenter trial involving patients with chronic schizophrenia
reported dystonic reactions in 1.7% of risperidone-treated patients compared
with 2.4% in those receiving haloperidol [49], figures that are in the range
of what has been reported in other chronically treated patient populations
[11, 18]. There is controversy about the incidence of dystonic reactions when
risperidone is used to treat behavioral disturbances in children with autism.
Some authors reported no dystonia when using doses ranging from 0.5 to
3.5 mg per day [50] while others found “frequent’’dystonic side effects on doses
of 3 mg per day [51].

Just as the incidence of acute dystonia with risperidone is similar to what is
observed with other antipsychotic drugs, so too is the range of clinical manifes-
tations (Table 5.1). In the aforementioned prospective study [5] of patients with



0

10

20

30

40

50

60

70

Dystonia Akathisia Parkinsonism Dyskinesia

%
 o

f P
at

ie
nt

s
RISP

HAL

Figure 5.5 Comparative incidence of neurological side-effects in neuroleptic-naı̈ve patients
treated with risperidone or haloperidol. Reprinted with permission [5].

Table 5.1 Sixteen case reports of risperidone-induced dystonia

Treatment RISP dosage
Authors Case day (mg) Nature of reaction

Dickson [52] 36 M 3 6 Trismus
Lombroso [53] 17 M Not given 2 Acute dystonia
Radford [54] 21 M 2 2 Not specified – repeated

reactions
Mandoki [55] 8 F 3 2 Tongue protrusion

16 F 10 6 Tongue protrusion;
oculogyric crisis

Anand [56] 23 M 4 8 Neck and back stiffness;
4 thick tongue

Brody [57] 34 M 4 6 Laryngospasm, lingual
impairment

Cheslik [58] 3 M 1 4 Oculogyric crisis
Faulk [59] 33 M 4 6 Oculogyric crisis; torticollis
Sanderson [60] 31 M 3 6 Laryngospasm; oculogyric

crisis; retrocollis
Takhar [61] 17 M 2 2 Laryngospasm
Brown [62] 26 M 2 2 Laryngospasm; lingual

impairment
Rosebush [63] 6 M 7 1 Oculogyric crisis

24 F 3 2 Laryngospasm
58 M 14 2 Trismus

Factor [36] 40 F Unclear 6 Torticollis

80
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no previous exposure to antipsychotic medication, the risperidone-induced
dystonic reactions included trismus, torticollis, laryngospasm, and lingual
impairment. Among the individual additional case reports in the literature
for which sufficient clinical information is provided [36, 52–63], the profiles of
risperidone-induced dystonic reactions included the following: laryngospasm
(N = 5), oculogyric crisis (N = 5), torticollis/retrocollis (N = 3), trismus
(N = 2), and lingual dysfunction including stiffness and/or thickening of the
tongue (N = 5); some patients had involvement of more than one body part.
Most of the dystonic reactions described in these case reports occurred within
7 days of starting treatment, with the dose of risperidone in all cases but one
being 6 mg per day or less.

Olanzapine
Like risperidone, the thienobenzodiazepine compound, olanzapine, has po-
tent affinity for the serotonergic (5 HT2, 5 HT6, and to a lesser extent 5 HT3),
dopaminergic (D2, D3 and D4), and adrenergic (∝-1) receptors [64, 65]. Unlike
risperidone, olanzapine has strong anticholinergic effects, reflecting its high
affinity for the M1−5 muscarinic receptors [64, 65].

As was the case with clozapine and risperidone, the initial clinical trials of
olanzapine were conducted in patients with chronic schizophrenia who had
prolonged prior exposure to antipsychotic medication [66, 67]. In these trials,
however, the risk associated with olanzapine tended to be even lower than
with haloperidol (1.1–1.4% vs. 3.6–5.3%) [66, 67]. A study of acutely agitated
patients with chronic schizophrenia-type illness found that none of the 131
who were treated with 1–3 doses of intramuscular olanzapine (10 mg) de-
veloped dystonia, compared with 9 of the 126 who received intramuscular
haloperidol [68]. Unfortunately, none of these reports includes useful details
regarding the nature of the dystonia or the criteria for diagnosis, making it
difficult to judge whether the events described with haloperidol were indeed
dystonic reactions.

While the available literature suggests that olanzapine may be less likely
than most antipsychotic drugs to provoke dystonia, the risk is not zero, even
in chronically treated patients, as illustrated by some clear case reports from
the literature (Table 5.2). A 50-year-old man with chronic schizophrenia and
a previous history of drug-induced torticollis developed neck stiffness on
olanzapine (15 mg) and frank torticollis when the dose was later increased
from 20 to 25 mg per day [69]. A 68-year-old woman with long-standing
schizoaffective disorder and an earlier history of severe parkinsonism on
haloperidol developed acute lingual dystonia and dysarthria 2 days after
switching from risperidone to olanzapine 10 mg, with the recurrence of the
lingual dystonia after the olanzapine was increased from 10 to 15 mg per day
[69]. A third case involved a 56-year-old woman with chronic schizophrenia
and a previous history of oculogyric crisis in response to antipsychotic drugs.
When switched to olanzapine (5 mg) she presented with torticollis and “ocu-
logyric signs,’’ followed by lingual dystonia and dysarthria when the dose was



Table 5.2 Seven case reports of olanzapine-induced dystonia

Duration Olanzapine Rx

Authors Case Diagnosis of illness Dose (mg) Duration of Rx Nature of dystonia

Landry and Cournoyer [69] 50 M Schizophrenia 15 yrs. 15–25 ∼14 wks. Torticollis
68 F Schizophrenia 45 yrs. 10 2 days Lingual dystonia with dysarthria

Alevigos et al. [70] 56 F Schizophrenia 20 yrs. 5 <5 days Torticollis and oculogyric crisis
50 M Schizophrenia 17 yrs. 5 2–3 hrs. Severe torticollis, lingual dystonia with dysarthria

Rosebush and Mazurek 44 F Bipolar 6 yrs. 5 2–3 hrs. Throat tightness with laryngospasm
27 M Bipolar First onset 6 2 days Torticollis
32 M Atypical psychosis First onset 10 4 days Torticollis, limb dystonia

8
2
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increased to 10 mg per day [70]. Another report described a 50-year-old man
with long-standing treatment-resistant schizophrenia and sensitivity to pre-
vious antipsychotic medication. Within a few hours of starting on olanzapine
(5 mg) he suffered an acute dystonic reaction characterized by severe torticollis
and lingual dystonia with dysarthria [70]. We recently consulted on another
patient who developed dystonia on a very low dose of olanzapine. This 44-
year-old woman with a 6-year history of bipolar disorder was taking valproic
acid but no other medications at the time of admission to hospital. She was
given olanzapine (5 mg) at bedtime for treatment of agitation and insomnia.
Within a few hours of receiving her initial dose she developed throat tight-
ness/laryngospasm, promptly relieved by benztropine (2 mg) (Rosebush and
Mazurek, unpublished observation).

With the recent emphasis on early intervention strategies in psychosis, it has
become important to determine the risk of dystonic reactions for patients with
no prior exposure to antipsychotic medication. We recently completed data
collection from a prospective randomized controlled trial comparing olanza-
pine with haloperidol in drug-naı̈ve patients with first-onset psychosis. Early
data from the study show the rate of acute dystonia in olanzapine-treated pa-
tients to be about 12% compared with a rate of approximately 35% among
those receiving haloperidol (Rosebush and Mazurek, unpublished data). Two
cases from this series illustrate the phenomenon. One was a 27-year-old man
with bipolar disorder who developed torticollis a few days after starting on
olanzapine 5 mg per day. The second involved a 32-year-old man with a di-
agnosis of atypical psychosis who suffered torticollis and limb dystonia while
taking olanzapine (10 mg/day). These observations indicate that olanzapine
can indeed provoke dystonic reactions in first-onset patients, but apparently
at a lower rate than is observed with haloperidol.

Quetiapine
Another of the newer “atypical’’ antipsychotic drugs to be released in the past
decade is the dibenzothiazepine compound, quetiapine. Like risperidone and
olanzapine, it blocks the 5HT2a subtype of serotonin receptor, a pharmaco-
logical property that is presumed to reduce the risk of neurological toxicity.
Quetiapine also exerts potent antagonism at the H1 subtype of histamine re-
ceptor, an effect that may be responsible for the sedation and weight gain that
have been associated with its use. Like clozapine, quetiapine has less affinity
for striatal D2 dopamine receptors than do most other antipsychotic medica-
tions [71, 72].

Several case reports have documented the ability of quetiapine to in-
duce acute dystonic reactions. A 20-year-old man with treatment-resistant
schizophrenia but no past history of dystonia developed lingual dystonia, tor-
ticollis, and oculogyric crisis within 2 days of starting quetiapine 25 mg b.i.d
[73]. A 30-year-old woman with long-standing bipolar illness and no recent
exposure to antipsychotic medication reported neck tightness and difficulty
swallowing within 2 days of starting quetiapine [73]. Both patients responded
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promptly to treatment with diphenhydramine. An unusual case involved an
18-year-old woman who was diagnosed with Meige syndrome, completely
responsive to biperiden, within a month of beginning quetiapine [74]. The
relative risk of dystonia with quetiapine compared with other antipsychotic
medications is not known. While the general clinical impression is that acute
dystonic reactions may be less likely with quetiapine than with therapeutically
equivalent doses of older drugs, such as chlorpromazine and haloperidol, com-
parative studies offer little direct evidence for this [75, 76].

Ziprasidone
The benzothiazolyl piperazine derivative, ziprasidone, shares with many other
recently developed antipsychotic drugs a greater affinity for the 5 HT2a sero-
tonin receptor than for the D2 dopamine receptor. An early pilot study found
one case of severe akathisia but no acute dystonic reactions among the 14 chil-
dren and adolescents who received ziprasidone in doses up to 40 mg per day
for treatment of Tourette syndrome [77]. A recent case report, however, sug-
gests that ziprasidone, like most other antipsychotic medications, can induce
dystonic reactions under at least some circumstances. A 10-year-old boy of
borderline intelligence developed intense muscle rigidity and tongue protru-
sion shortly after starting on ziprasidone for treatment of disruptive behavior
disorder; the dystonia resolved quickly with benztropine [51].

Other drugs that can induce dystonia

Antiemetics
Dopaminergic stimulation of the area postrema, which lies in the floor of the
4th ventricle, produces nausea. It is therefore not surprising that many drugs
used as antiemetic agents are potent antagonists of the D2 dopamine receptor.
Because the area postrema is physiologically outside the blood brain barrier,
antiemetic drugs are usually selected for their poor CNS penetrance. This ide-
ally would allow them to block dopamine receptors of the chemoreceptor
trigger zone in the area postrema while exerting relatively little effect on re-
gions protected by the blood brain barrier. Despite this, several antiemetic
agents have been reported to produce neurological side effects, particularly in
patients with AIDS [78–80]. One suspects that AIDS-related impairment of the
blood brain barrier might allow the drugs greater access to striatal dopamine
receptors than would normally be anticipated. Even patients with an appar-
ently intact blood brain barrier, however, can occasionally suffer acute dystonic
reactions with antiemetic medication. A study reviewing the side effects of
metoclopramide estimated the prevalence of acute dystonic/dyskinetic reac-
tions to be 109 per million prescriptions among patients in the 12–19-year
age range [81]. It is likely that a prospective study with specific attention
to the emergence of dystonia would find the prevalence to be considerably
higher.
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Antidepressants
Conventional tricyclic antidepressants (TCAs)
After nearly a half-century of use, tricyclic antidepressant medications are rec-
ognized to be associated only rarely with acute dystonic reactions. A 30-year-
old depressed woman developed what may have been an oculogyric crisis after
a single 75-mg dose of amitriptyline, then later reported two further episodes
of apparent dystonia, including oculogyric crisis, limb dystonia, and lingual
dystonia, shortly after starting on another tricyclic medication, doxepin [82];
there was no mention in the report of whether the patient had recent exposure
to cocaine. A second case involved a 30-year-old man who developed retrocol-
lis after taking his second dose of amitriptyline (25 mg), followed by another
episode of retrocollis the following day after amitriptyline (75 mg) [83]. A third
patient was a 20-year-old man who abruptly developed opisthotonos, retro-
collis, lingual dystonia, and orofacial dystonia after having taken amitripty-
line 50 mg per day for 3 months [84]. As with the other two cases there was
no specific mention of whether the patient may have recently used cocaine.
The overall experience is that tricyclic-induced dystonia is an extremely rare
phenomenon.

Monoamine oxidase inhibitors (MAOIs)
Like the tricyclic drugs, monoamine oxidase inhibitors (MAOIs) have been
used to treat depression for almost 50 years. Tranylcypromine has been impli-
cated in a single case of acute truncal dystonia, but even that case was com-
plicated by concurrent withdrawal from antipsychotic medication and two
recent courses of electroconvulsive therapy [85]. The paucity of reported cases
in the literature would suggest that the overall rate of MAOI-induced dystonia
is essentially negligible.

Selective serotonin reuptake inhibitors (SSRIs)
In contrast to the other categories of antidepressant medication, SSRI-type
drugs have a well-established tendency to induce dystonic reactions. The ini-
tial case report of SSRI-induced dystonia appeared in 1979, very shortly after
the drugs were first introduced [86]. By 1996, pharmaceutical records had doc-
umented 383 cases of dystonia associated with the use of fluoxetine, sertraline,
or paroxetine [87]. The range of dystonic phenomena associated with SSRIs
includes torticollis [86, 88, 89], jaw stiffness/trismus [86, 88–91], lingual dys-
tonia [90, 92], truncal dystonia/opisthotonos [89, 93, 94], oculogyric crisis [95,
96], throat tightness/laryngospasm [97], limb dystonia [89, 98], blepharospasm
[94], and facial dystonia [99]. Most of the reported dystonic reactions occurred
early in the course of treatment or after a dosage increase.

Men and women appear to be at equal risk of suffering SSRI-induced dys-
tonia [100]. One review identified 20 cases of SSRI-related dystonia, half of
which occurred in men. Another retrospective review found that over two-
thirds of reported cases of SSRI-induced dystonia developed in women [101].
This relative preponderance of women in the latter review may be related to
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the two-fold greater prevalence of depression, and therefore of antidepressant
therapy, in women [102].

The incidence of SSRI-induced dystonia has probably been underappreci-
ated. A short-term study undertaken to evaluate the efficacy of a new SSRI
medication found that 4 of 41 patients treated with fluvoxamine developed
evidence of dystonia within 7 days of beginning treatment, compared with
none in the placebo-treated group [103].

Serotonin and noradrenaline reuptake inhibitors (SNRIs)
Venlafaxine is a prototype of the recently introduced subtype of antidepres-
sant medication known as SNRIs. While venlafaxine is ostensibly distinct from
other forms of antidepressants, early clinical experience suggests a side effect
profile similar to that of the SSRIs, including an ability to induce dystonic re-
actions. We recently encountered a 44-year-old man who, after unsuccessful
trials of buproprion and paroxetine, was started on venlafaxine for treatment
of his depressive symptoms. Over the next 13 months, while taking venlafax-
ine (150 mg/day), he suffered seven episodes of apparent oculogyric crisis
and recurrent episodes of limb dystonia involving his hands, forearms, and
calves. The episodes abated after venlafaxine was discontinued. It turned out
that the patient had been abusing cocaine during the entire time he was re-
ceiving antidepressant medication, but it was only on the venlafaxine that he
experienced the apparent dystonic reactions.

Pathophysiology

Dystonia in relation to motor programs: the role
of the basal ganglia
At a conceptual level, dystonia, like other movement disorders, can be seen
as resulting from defective “readout’’ or “playback’’ of a motor program. Ac-
cording to this theory, repertoires of various movements are encoded in the
brain in much the same way that a music program, for example, is encoded
and stored on a compact disc. Activation of a particular motor program results
in an exquisitely orchestrated coordination of neural activity which, in turn,
produces a precise pattern of stimulation/inhibition involving specific muscle
groups.

While various neuronal structures are involved in the storage and activation
of motor programs, the basal ganglia, and especially the striatum, appear to be
of particular importance. Inadequate dopaminergic signaling in the striatum,
for example, such as occurs in Parkinson’s disease, results in the impaired voli-
tional activation of the motor program. The clinical consequences of this are the
akinesia (difficulty initiating movement) and bradykinesia (slowness in carry-
ing out the movement) that we recognize as the core features of parkinsonism.
Degeneration of the GABAergic output neurons of the striatum, as happens in
Huntington’s disease, leads to impaired selectivity in the activation of motor
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programs. The resulting dyskinetic movements can in this sense be viewed
as reflecting the “intrusion’’ of related but unselected repertoires into the
“chosen’’ motor program. Dystonia, being a form of dyskinesia, can be under-
stood as a defect of selectivity, whereby the “selected’’ motor action is accom-
panied by abnormally prolonged contraction of agonist muscles and defective
reciprocal inhibition of antagonists. Not surprisingly, the lesions most com-
monly associated with dystonia are in the putamen [104], the “motor’’ portion
of the striatum. It has been proposed that aberrant striatal output may result in
the abnormal sensorimotor coordination in the cerebral cortex that is thought
to be the physiological substrate of dystonia [105, 106]. It therefore makes sense
to try to understand drug-induced dystonia in terms of the effects exerted by
the responsible medications on striatal function.

The neurochemical anatomy of the striatum
The striatum contains two morphologically and functionally distinct subpop-
ulations of neurons: (1) spiny projection cells that carry output signals from
the striatum to other basal ganglia structures and that comprise about 90%
of all striatal neurons; and (2) aspiny interneurons that project locally within
the striatum. There are two subgroups of spiny output cells: those that pref-
erentially project to the internal globus pallidus and the reticular portion of
the substantia nigra contain GABA colocalized with substance P and dynor-
phin [107–112]; those projecting to the external globus pallidus contain GABA
colocalized with met-enkephalin [111–112]. The locally projecting aspiny neu-
rons can likewise be divided into chemically distinct subgroups: large as-
piny cholinergic interneurons that comprise 1–4% of all striatal neurons [113];
medium-sized aspiny interneurons containing the neuropeptides somatostatin
and neuropeptide Y, colocalized with the neuronal isoform of nitric oxide
synthase [114, 115]; various subpopulations of aspiny parvalbumin-positive
GABAergic interneurons [116–118]; and multiple subtypes of calretinin-
containing interneurons [117]. The major afferent projections to the striatum
are the massive glutamatergic pathways from cerebral cortex and thalamus,
which together account for almost 80% of all afferent terminals [119–122]; and
the dopaminergic input from substantia nigra pars compacta, which consti-
tutes another 15–20% of striatal afferents [122]. Less prominent afferent sys-
tems include the serotonergic input from the dorsal raphe nucleus [123] and
glutamatergic fibers from the hippocampus and amygdala [119, 124]. In addi-
tion to these exogenous inputs, the various subpopulations of intrinsic striatal
neurons make extensive synaptic connections with each other [125–127].

Drug-induced dystonia: antipsychotic medications
The most important cause of drug-induced acute dystonia is antipsychotic
medication. The propensity of any particular antipsychotic drug to induce
dystonia correlates strongly with its pharmacological affinity for D2 dopamine
receptors in the striatum [128]. An understanding of how these agents cause
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dystonia should focus on the ways that dopamine, and in particular D2-
receptor-mediated signaling, influences the intricate neuronal circuitry of the
striatum.

Direct actions on spiny “output’’ neurons of the striatum
The dopaminergic input to the striatum originates in the compact part of the
substantia nigra, with some additional contribution from the retrorubral area.
A majority of the dopaminergic fibers of the nigrostriatal tract converge with
the glutamatergic terminals of the corticostriatal pathway on individual den-
dritic spines of the medium spiny projection neurons in the striatum [129, 130].
This provides an anatomical basis for the electrophysiological, neurochemical,
and behavioral evidence that dopamine acts in the striatum to modify gluta-
matergic signaling [131–133]. The precise mechanism by which this happens
is not clear. The conventional notion is that dopamine acts through D1 recep-
tors to exert a net excitatory influence on the GABA/substance P/dynorphin-
containing neurons that project in the “direct’’ pathway from striatum to the
internal globus pallidus and the pars reticulata of substantia nigra [127]. The
model further posits that dopaminergic activation of D2 receptors results in
a net inhibitory effect on the GABA- and enkephalin-containing neurons that
give rise to the “indirect’’ pathway from striatum to the external globus pal-
lidus [127]. The model is complicated, however, by the finding that D1 and
D2 receptors, instead of being segregated to neurons of the direct and indirect
pathways, as originally suggested [111], are colocalized on individual projec-
tion neurons [134–136].

Actions mediated by aspiny interneurons
Cholinergic interneurons
In addition to its direct effects on the medium spiny output neurons, dopamine
acts on the various subpopulations of striatal interneurons. Of particular in-
terest in this regard are the large aspiny cholinergic cells, which are sensitive to
minute changes in membrane potential and which have extensive axonal and
dendritic fields [137]. Widely dispersed populations of these tonically active
neurons develop synchronous firing patterns in response to context-specific
sensory cues, thereby forming what amounts to a “neuronal grid’’ that can
coordinate signaling among the wide range of striatal neurons with which
they made synaptic contact [138–140]. In other words, the network of cholin-
ergic interneurons may serve as a mediator of sensorimotor integration in the
striatum. This leads to the hypothesis that dysfunction of the cholinergic sys-
tem might give rise to the aberrant sensorimotor processing that is thought
to be the fundamental impairment in dystonia. Consistent with this notion,
a recent study using positron emission tomography showed a reduction of
markers for cholinergic nerve terminals and cholinergic interneurons in the
striatum of patients with cervical dystonia [141]. These same cholinergic in-
terneurons in striatum express D2 dopamine receptors [142] and D2 receptor
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stimulation modulates acetylcholine release in the striatum [143, 144]. The ten-
dency of antipsychotic drugs to induce dystonia may therefore relate to altered
dopaminergic control of cholinergic signaling in the striatum.

GABAergic interneurons
Another population of striatal interneurons that has been implicated in dys-
tonia is the network of fast-spiking parvalbumin-immunoreactive aspiny
GABAergic cells. These constitute only 3–5% of striatal neurons but are thought
to represent the main source of inhibitory signaling in the striatum [145, 146].
Like their cholinergic counterparts, the parvalbumin-containing GABAergic
interneurons make extensive synaptic connections with striatal projection neu-
rons, and are linked to each other through electrotonic coupling [146, 147].
This allows them, too, to function as a sort of neuronal signal “grid’’ and to ex-
ert widespread influences on striatal output. The potential relevance of these
GABAergic interneurons to dystonia was underlined by the finding that they
are markedly depleted in a genetic hamster model of paroxysmal dystonia
[148]. Dopamine acts through D2 receptors to inhibit GABA release in the
striatum [149–151], an effect that would be expected to produce the same func-
tional result as the loss of GABAergic interneurons in the dystonic mutant
hamster.

NOS-positive interneurons
A third population of striatal interneurons that may participate in antipsychotic
drug-induced dystonia is the subgroup of medium-sized aspiny cells that con-
tain somatostatin (SS), neuropeptide Y (NPY), and the neuronal isoform of ni-
tric oxide synthase (NOS), in many cases colocalized with GABA [115, 118, 145,
152]. Like other interneuron families in the striatum, the SS/NPY/NOS/GABA
cells may be electrotonically linked, allowing them to operate as a system or
grid. Unlike the cholinergic and parvalbumin-positive populations, however,
the SS/NPY/NOS/GABA neurons do not rely exclusively on axonal ramifi-
cations to communicate with other cells. Because they contain NOS, this group
of interneurons can produce the gaseous transmitter, nitric oxide, which can
then diffuse radially in all directions, much as a sound wave propagates out-
ward from the point of origin. This means that the SS/NPY/NOS/GABA cells
have properties that would be well suited to functions of sensorimotor in-
tegration, such as have been proposed for the cholinergic and parvalbumin-
immunoreactive populations. In addition, the somatostatin released by these
interneurons alters dopaminergic adenylate cyclase activity [153] and acts
through the sst2 subtype of somatostatin receptor to stimulate dopamine re-
lease in the striatum [154–156]. While SS/NPY/NOS/GABA cells have few
D1 receptors and virtually no D2 receptors [157–158], pharmacological ma-
nipulation of D2 receptors can modulate the somatostatinergic function in the
striatum [159, 160], presumably through indirect connections.



90 Chapter 5

Actions on striatal afferents
The pharmacological effects of antipsychotic drugs in the striatum are not lim-
ited to their actions on the various subpopulations of spiny projection neurons
and aspiny interneurons. Dopamine has been reported to inhibit glutamater-
gic transmission in the striatum, ostensibly through a D2-receptor-mediated
action on cortical-striatal terminals [161]. Dopamine also acts through D2 au-
toreceptors to inhibit transmitter synthesis and release from the terminals of
the nigral-striatal tract. Blockade of these D2 receptors by antipsychotic medi-
cation would thus be expected to produce a short-term increase in the release of
both glutamate and dopamine, with corresponding effects on neural signaling
in the striatum.

Effects on dopaminergic neurons in substantia nigra
It has long been recognized that the neurological side effects of antipsychotic
drugs cannot be adequately explained on the basis of D2 receptor blockade
alone. Tardive dyskinesia, for example, typically develops months or even
years after the start of therapy and may persist long after the drug has been
discontinued. Similarly, drug-induced parkinsonism usually does not appear
until several days after the start of antipsychotic treatment, even though
the D2 receptors are pharmacologically blocked within hours. This temporal
dysjunction between the pharmacological and clinical effects of the medication
suggests that antipsychotic drugs do more than simply block D2 dopamine
receptors. This notion was recently confirmed with the demonstration that
neuroleptic medications have profound effects on the dopaminergic cell bod-
ies of the nigrostriatal tract, dramatically downregulating the biosynthetic en-
zyme tryosine hydroxylase and inducing apoptotic changes [162–166]. The
time course for some of these actions was surprisingly rapid, with highly
significant changes evident within 10 minutes of the initial dose [166]. The
implications of these emerging observations for dopaminergic signaling in the
striatum, and for the understanding of drug-induced dystonia, have not yet
been determined.

Drug-induced dystonia: SSRI medications
The other category of medication that has shown some propensity to induce
acute dystonia is that of SSRIs. As indicated by their name, SSRIs block the
transporter responsible for taking synaptically released serotonin back into
the presynaptic terminal. The precise effects of this on serotonergic transmis-
sion are not entirely clear. At first glance, this pharmacological action would
appear to increase synaptic and extrasynaptic levels of serotonin, thereby pro-
moting serotonergic stimulation of postsynaptic receptors. On the other hand,
the short-term rise in extraneuronal serotonin levels will activate the 5-HT1

families of presynaptic and somatodendritic autoreceptors, resulting in a reduc-
tion of serotonin release. Furthermore, preliminary studies suggest that SSRI
medications induce a marked downregulation of tryptophan hydroxylase, the
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rate-limiting enzyme for serotonin biosynthesis, in the dorsal raphe neurons
that project to the cortex and the striatum [167] (Mazurek MF and Rosebush PI,
unpublished observations). The ultimate effect of these competing influences
on serotonergic transmission is thus likely to be rather complicated.

The serotonergic innervation of the basal ganglia arises principally from the
dorsal raphe nucleus, with a lesser contribution from the median raphe [168].
As with dopamine afferents, the primary synaptic targets of serotonergic termi-
nals in the striatum are the dendrites of medium-sized spiny output neurons
[169]. In addition to the actions mediated by these direct synaptic relation-
ships with striatal projection neurons, serotonin can influence dopaminergic
and cholinergic transmission in the striatum, presumably through axo-axonic
appositions and release from nonsynaptic terminals [130, 170, 171].

The effects of serotonin are mediated by a multiplicity of receptor subtypes,
at least 14 of which have thus far been identified. The 5-HT1A, 5-HT1B, and
5-HT1D subtypes function as autoreceptors, providing feedback inhibition of
both firing rate and release from serotonergic projections arising from the
dorsal and median raphe [172–175]. 5-HT1B receptors are also found on axon
terminals of the striatonigral projection neurons, where they serve to regulate
GABA release [176, 177]. While receptors of the 5-HT2 family are generally as-
sociated with actions in the cerebral cortex [178], binding sites for some classes
of 5-HT2 receptors have been identified in the striatum [179, 180]. 5-HT3 re-
ceptors have the unique property among monoaminergic receptors of being
linked to a ligand-gated ion channel [181] and appear to be expressed through-
out the striatum [182, 183]. Other classes of serotonin receptors that have been
localized to striatum are the 5-HT4 [184], 5-HT6 [185], and 5-HT7 [186] sub-
types. The functional interactions among these numerous receptor subgroups
and their various signal transduction mechanisms are inevitably complex. It
is therefore not surprising that a clear model has yet to emerge regarding the
ways that serotonergic transmission contributes to neural signaling in the stria-
tum. While it seems likely that the pathophysiology of SSRI-induced dystonia
in some way involves the effects of these drugs on basal ganglia function, the
mechanisms by which this might occur remain obscure.

Treatment

The acute episode
Acute dystonia demands immediate therapeutic intervention. Most episodes
resolve within 15–20 minutes following a single intramuscular dose of an
anticholinergic/antihistaminergic compound such as benztropine (Cogentin;
1–2 mg) or diphenhydramine (Benadryl; 25–50 mg). Equally efficacious are
benzodiazepine medications such as diazepam (Valium; 2–5 mg), or lorazepam
(Ativan; 1–2 mg) [187]. For acute laryngospasm, which is a potentially life-
threatening condition, intravenous administration of a benzodiazepine is the
treatment of choice.
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If an episode of acute dystonia persists after an initial dose of parenteral
medication, a second dose of the same drug can be given about 30 minutes later.
Should that prove unsuccessful, one should switch to a different medication.
Any case that fails to respond in the usual way should prompt consideration of
an alternative diagnosis. The persistence of trismus, for example, might point
beyond dystonia to a dislocated jaw.

Prophylaxis following the acute episode
There is no clear consensus about the use of prophylactic medication in the
patient who has suffered an acute dystonic reaction. A substantial fraction
of those who experience an initial episode of dystonia will go on to have
further episodes unless preventive measures are instituted [4]. A reasonable
recommendation might be to follow treatment of the initial dystonic reaction
with regular doses of a suitable prophylactic medication such as benztropine.
Since most dystonic reactions occur in the first week of antipsychotic drug
treatment, it should be sufficient to continue with benztropine, or a suitable
alternative, for 4–7 days following the initial episode, after which time the
prophylactic agent can be withdrawn.

Primary prophylaxis
The decision of whether to use prophylactic medication at the start of antipsy-
chotic drug therapy – that is, prior to any episodes of dystonia – depends on the
relative risk of the possible dystonic reaction compared with the projected side
effects of the prophylactic agent. A high-risk individual, for example, such as a
young patient with no prior exposure to antipsychotic medication and recent
exposure to cocaine, would probably warrant a 1-week course of prophylactic
benztropine. An elderly person, on the other hand, is at much lower risk of
drug-induced dystonia and at the same time considerably more susceptible
to the visual blurring, cognitive impairment, and other side effects that can
accompany benztropine treatment.

Routine use of prophylactic agents, particularly on a prolonged basis, is dis-
couraged [188]. The side effects of anticholinergic compounds typically include
dry mouth, which in a psychotic patient who may already have poor personal
hygiene, can easily lead to oral candidiasis. Another potentially serious com-
plication is constipation, which can lead to bowel obstruction. Furthermore,
most of the medications used for dystonia prophylaxis, such as benztropine
and benzodiazepines, are themselves potential drugs of abuse. Finally, there
is some evidence that anticholinergic/antihistaminergic agents might increase
the risk of tardive dyskinesia [188].

There is one situation in which primary prophylaxis should always be used.
Patients who are receiving antipsychotic drugs and who require seclusion must
receive prophylactic medication to reduce the risk of laryngospasm, which
could prove fatal in such a situation.
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Future directions

Acute drug-induced dystonia generally responds well to pharmacological in-
tervention. This places a premium on the accurate recognition of cases. Un-
fortunately, the early literature on the newer “atypical’’ antipsychotic drugs
gave rise to a perception that these agents were virtually free of neurological
side effects. This led to an underappreciation of the abilities of these newer
drugs to induce dystonic reactions. An important goal in the coming years
will be to obtain an accurate profile of the dystonia risk associated with each
of the newer antipsychotic medications, particularly in patients with no prior
exposure to antipsychotic drugs. A related need is for accurate data regarding
the propensity of other agents, such as SSRI medications, to induce dystonic
reactions.

The judicious use of prophylactic drugs requires an ability to identify those
individuals that are at the highest risk of dystonia when challenged with a
particular medication. An especially promising development in this regard is
the emerging field of pharmacogenomics. With the rapid advances in molecular
genetics that have taken place in recent years, there is good reason to expect
progress in the identification of gene markers that are associated with specific
drug-induced side effects, including dystonia. This will allow a more precise
targeting of prophylactic strategies to individuals at risk of experiencing a
dystonic reaction when given a particular medication.
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CHAPTER 6

Drug-induced parkinsonism

Joseph H. Friedman, Martha E. Trieschmann,
and Hubert H. Fernandez

The emergence of parkinsonism during chlorpromazine and reserpine ther-
apy constitutes undoubtedly one of the most fascinating developments in
psychiatric therapy.

Freyhan, 1957 [1]

Introduction

Drug-induced parkinsonism (DIP) would appear to be the most straightfor-
ward of the drug-induced movement disorders [2]. In the most simplistic
model, drugs that either block dopamine receptors [2, 3] or deplete dopamine
stores [3] cause a functional dopaminergic deficiency and produce a condition
that mimics idiopathic Parkinson’s disease (IPD), a known dopamine defi-
ciency state [2]. This model is heuristically valuable, but it does not explain
many observations. Since the first edition of this book was published, clozap-
ine and several other atypical antipsychotic (AA) drugs have become available.
While DIP has become much less common, it is less often looked for and there-
fore less frequently recognized. It may also be missed in patients treated with
nonpsychiatric dopamine blockers such as metoclopromide and prochlorper-
azine. DIP still occurs and still constitutes a clinically important disorder.

History

Historically, the importance of DIP in understanding IPD cannot be overem-
phasized [4]. Although the neuropathology of IPD was relatively well under-
stood by the 1920s, the biochemistry was not, until 1960 [5]. Animal studies
demonstrated that reserpine acted by depleting catecholamine stores and that
sufficiently high but nontoxic doses induced an akinetic syndrome [4]. It was
later noted in human studies that reserpine, when used for treating psychiatric
disorders, often induced a syndrome identical to IPD [3]. This observation led
to the momentous discovery that catecholamine stores were depleted in IPD
and that dopamine, in particular, was drastically reduced [5]. Understanding
of this deficiency led directly to the development of levodopa and its use in
treating IPD [4, 6].
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For many years, it was debated whether parkinsonism was required for an
antipsychotic effect [3, 7] or whether it was an untoward toxic effect of all neu-
roleptic drugs. It was even suggested that IPD protects against schizophrenia
and vice versa. It has become clear in recent years that antipsychotic effects do
not require the imposition of parkinsonism and that IPD and schizophrenia
do not preclude each other [8].

While many physicians believe that the atypical antipsychotics have made
these concerns of historical interest only, this is not the case. The increasing
population of elderly patients has resulted in a dramatically increased num-
ber of demented patients who have a wide spectrum of associated behavioral
problems, often requiring treatment with antipsychotic drugs. Thus, virtually
all physicians who see adult patients are confronted with those suffering from
dementia and behavioral problems. As a result, antipsychotic medications are
among the most commonly prescribed drugs in North America.

While DIP occurs mainly in patients treated for psychiatric disorders, the
antiemetics prochlorperazine (Compazine) and droperidol (Inapsine), and the
gastric motility enhancer, metoclopramide (Reglan), have made recognition of
DIP important in nonpsychiatric patients. Furthermore, though not approved
in the United states, certain calcium channel-blocking drugs (e.g., Flunarizine)
are common causes of DIP in other parts of the world [9–11]. The antihyperten-
sive agent, alpha-methyldopa, also has the potential to cause parkinsonism,
but it is rarely used.

Clinical aspects

The DIP syndrome
Drug-induced parkinsonism cannot be clinically distinguished from IPD [12].
It is defined as an akinetic-rigid syndrome induced by pharmacological agents.
The cardinal features are rigidity, akinesia, bradykinesia, tremor at rest, and
postural instability. Minor features include abnormal posture, micrographia,
seborrhea, and changes in speech. The rigidity is often described as cogwheel-
ing in nature but is not always. Cogwheel rigidity is not pathognomonic of
parkinsonism and may be difficult to distinguish from “gegenhalten’’ or para-
tonia, a resistance to passive movement caused by frontal lobe dysfunction.
The rigidity can be best appreciated by the examiner passively flexing and ex-
tending the elbows, wrists, and neck, but it may also be found at other joints.
It can often be brought out by reinforcement maneuvers such as opening and
closing the nonexamined hand. The rigidity is not uniform and often affects
one limb more than another and one side more than the other.

Akinesia refers to a relative paucity of spontaneous, generally automatic and
unconscious movements that are part of the normal resting repertoire. The
“masked facies’’ of parkinsonism, or facial hypomimia, is the result of akinesia
and rigidity of the facial muscles. Akinetic patients blink less than normals,
thus appearing to stare. They swallow less than normals, causing pooling of
saliva and a tendency to drool. They exhibit fewer unconscious movements at
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rest such as crossing their legs while sitting or touching their hands to their face.
The lack of such “natural’’ movements is often overlooked by inexperienced
observers but is as obvious as tremor to trained observers.

Bradykinesia refers to slowness of movement. We often rate bradykinesia by
asking the patient to tap fingers together or open and close a hand as fast as
possible. More demanding tasks such as buttoning a shirt or putting on a coat
reveal how severely compromised a patient may be in activities of daily living.
In IPD, bradykinesia is one of the most debilitating features of the illness. It
is important to note that akinesia and bradykinesia, while often thought to
be synonymous, are not. Frequently, patients will perform remarkably well
on timed tasks, indicating only a mild degree of bradykinesia, while being
profoundly akinetic. Rarely, patients may exhibit “kinesia paradoxica,’’ a con-
dition in which severely akinetic subjects respond more quickly than expected
when faced with startling or threatening stimuli.

The tremor of DIP may be mild or severe. It typically involves the fingers or
the hands but may involve the jaw, feet, or tongue. Head tremor is uncommon,
although a severe tremor that emanates from the elbow or shoulder can often
cause a conducted movement that passively involves the head. The tremor is
present at rest and often with the arms held in a fixed posture, but usually
resolves with movement. The “pill rolling’’ tremor of parkinsonism refers to a
finger tremor, in which the thumb and opposing fingers appear to be rolling
a pill back and forth in the hand. It is less common than hand tremor and is
often absent. Because the tremor is often present in sustained postures, it can
severely interfere with important functions of everyday living such as eating
and writing. The tremor, present at rest, resolves as the patient picks up the
utensil but recurs as the hand is positioned over the target, whether a pile of
peas, a bowl of soup, or a writing pad. It resolves as the hand moves but then
recurs as the fork or spoon stops to deliver its contents to the mouth. Patients
also taking lithium may have a more prominent action tremor in addition to
the neuroleptic-induced resting and postural tremor, complicating the clinical
picture.

Postural instability refers to a diminished response to postural displacements
resulting in loss of balance. When a normal subject is pulled backward, the arms
go up in front and the person steps backward. If a backward fall is imminent,
the knees buckle to allow a cushioned landing on the buttocks. If the fall is
forward or to the side, the arms go up to break the fall. In parkinsonism, these
responses are impaired. Subjects may take many steps, often increasing in
frequency as they decrease in amplitude (festination if forward) (retropulsion if
pulled or falling backward) and they may entirely fail to put out their arms.
Thus, a parkinsonian may fall like a stiff board when knocked off balance and
strike the occiput or the face.

The posture of parkinsonism probably in part reflects truncal rigidity. Parkin-
sonian patients have a flexed posture, both sitting and standing. Their shoul-
ders are stooped. In advanced disease, patients are flexed at all joints. While
in part due to rigidity, this posture can also represent an aberrant orientation
that may even result in tilting to one side in addition to being flexed. The gait
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has a normal-to-narrow base but the stride is reduced. Arm swing is reduced
or absent. In severe cases, the arms are flexed at the elbows, producing an
appearance much like that of hemiparetic patients after a stroke. Tremor in the
hands and fingers may become evident or more pronounced with walking.
Shuffling is common, and some patients develop a tendency to run forward
with increasingly small steps: the “festinating gait’’ of Parkinson’s disease.
Patients may turn “en bloc,’’ requiring several steps rather than a pivot, and
turning is commonly associated with falls. In contrast, mild stooping and de-
creased arm swing may be the only gait abnormalities in younger DIP patients,
and these may be so minor as to escape detection on routine exam.

Toxic and metabolic derangements generally cause symmetric, nonfocal
deficits. In DIP, however, asymmetry is common and should not be mis-
construed as evidence against that diagnosis. Tremor, stiffness, akinesia, and
bradykinesia may all be more prominent on one side, and are occasionally
present only on one side. A patient may have more facial hypomimia on one
side and may therefore appear to have unilateral facial muscle weakness. Thus,
DIP cannot be distinguished from IPD on the basis of asymmetry. If there is,
indeed, a difference between the distribution of parkinsonian signs in DIP and
IPD, a large study with age-matched groups would be necessary to demon-
strate it.

Although DIP may exactly mimic IPD, there tends to be less tremor in DIP
patients [13]. In a study [12] of 26 DIP patients with a median age of 61 years,
the major sign of parkinsonism was rigidity in 18 patients, bradykinesia in
14 patients, tremor in 13 patients, and gait abnormality in 5 patients. The signs
were asymmetrical in 14 patients, and 11 had associated tardive dyskinesia
(TD). In comparison, tremor is thought to be present in 80% of cases of IPD.
This difference in tremor could be due to the younger age of most DIP patients
or to other poorly defined differences between the two conditions.

Some parkinsonian features may be intrinsic to the psychiatric illness and
may not necessarily represent medication effect [14]. For example, depressed
and catatonic patients may be akinetic and bradykinetic. This was noted in
a large double-blind study [14] comparing neuroleptics and placebo in treat-
ing psychosis. Signs of parkinsonism were identified as part of the screening
for adverse effects. Since the age of the patients was very young (mean age
28.2 years), the incidence of parkinsonism was low. Of particular notice,
however, was the incidence of parkinsonian features in placebo-treated sub-
jects (Table 6.1). This finding could be explained either by poor assessment
techniques or the natural occurrence of parkinsonian signs among psychotic

Table 6.1 Incidence in percent of parkinsonian features in NIMH study

Chlorpromazine Fluphenazine Thioridazine Placebo

Facial rigidity 12.5 14.3 8.8 5.4
Tremors 5.7 12.1 13.2 5.4
Loss of associated movements 3.4 19.8 0.0 2.7
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patients. The youth of the subjects makes it unlikely that IPD was the expla-
nation for the placebo-associated parkinsonism. In general, patients with less
severe disease are often unaware of their parkinsonian signs [15, 16]. In DIP,
patients are aware mainly of their tremor [16]. When tremor is absent, there
are frequently no symptoms to correlate with the signs of rigidity and akinesia.

A rare form of DIP is the aptly named rabbit syndrome [17]. It does not look
like typical IPD. Patients exhibit “perioral muscular movements strikingly
imitating the rapid chewing-like movements of a rabbit’s mouth’’ [17]. The
syndrome is typically due to a tremor of the lips and perioral region without
involvement of the tongue. It is generally believed that this is a restricted form
of DIP that responds to anticholinergic medications in the same fashion as the
more typical resting limb tremor. Irregular lip movements and nasal flaring
in some patients with TD may cause diagnostic confusion. The syndrome was
initially reported with conventional neuroleptics but has more recently been
described in a patient on risperidone [18].

Differential diagnosis
When all the features of parkinsonism are present and a history of drug ex-
posure is obtained, the diagnosis is simple. Mild parkinsonism is more diffi-
cult to diagnose. Screening surveys searching for DIP in at-risk populations
commonly observe only asymptomatic facial hypomimia or a mildly stooped
posture with diminished arm swing. On the other hand, IPD patients generally
seek help only when symptomatic or when an outside observer notes some
abnormality, and their presenting signs are therefore more obvious.

When patients are evaluated for parkinsonism, a complete drug history is
mandatory. The effects of neuroleptics can persist for surprisingly long periods,
and sensitivity to the extrapyramidal effects of these drugs is surprisingly
varied.

There are a few clinical settings in which the differential diagnosis of DIP
is important. Most commonly encountered is the older patient who develops
signs of parkinsonism on a chronic, stable dose of antipsychotic that he or she
has tolerated well for years without apparent adverse effects. The question
then arises as to whether the patient has IPD or DIP. The dopamine receptor
blockade may have prematurely “unmasked’’ IPD [9, 19, 20], or, alternatively,
the patient may have simply become more sensitive to the drug [21] with age.
In either case, discontinuation of the antipsychotic should ameliorate the syn-
drome, although the time course for improvement may be well over a year [12,
22]. If the antipsychotic is stopped, DIP should improve significantly and even-
tually resolve, whereas IPD always worsens after the improvement gained by
stopping the neuroleptic recedes. With new techniques that measure dopamine
or dopamine-secreting cells in the brain, it may be possible to distinguish DIP
from IPD using PET or SPECT scans [23].

Less common but more important is the clinical distinction between catato-
nia and severe DIP. Quite clearly, the treatment is very different. While the obvi-
ous diagnostic differences include waxy flexibility versus cogwheeling rigidity,
muteness versus dysarthria, absence of tremor in catatonia, and parkinsonian
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gait in DIP, these distinctions may prove difficult to elicit in practice. The
catatonic may not keep his arms in a statuesque posture and probably will not
attempt to walk. In addition, the catatonic patient is likely to have received
neuroleptics, further complicating the picture. On the other hand, the patient
with DIP may be psychotic and uncooperative and refuse to allow a full ex-
amination, leaving the examiner uncertain as to what degree of akinesia is
drug-induced and how much is catatonia. Luckily, catatonia is rare and the
history will hopefully help clear up the dilemma.

Depression can also mimic DIP with decreased facial expression and
bradykinesia. Though the two conditions can present together, the typical DIP
patient does not have symptoms of depression. When the patient is depressed,
the clinician must depend more on physical signs such as tremor, rigidity, and
gait changes. Similarly, severe obsessive compulsive disorder may produce
slowness and akinesia that are very suggestive of parkinsonism [24].

The differential diagnosis must also include causes of parkinsonism other
than IPD. A long list of disorders including degenerative diseases, toxins,
tumors, and hydrocephalus may cause parkinsonism. Certain of these may
also cause psychiatric disorders early in the course. Progressive parkinsonism
may then be mistakenly ascribed to the neuroleptic treatment of these psychi-
atric features rather than to a primary brain disorder causing both problems.
Wilson’s disease is probably the most important condition with potential to
cause this scenario in view of its treatability and universally fatal outcome if
the diagnosis is missed. In young people, Huntington’s disease may occur in
the “rigid form,’’ which can be mistaken for IPD. Hypothyroidism is another
rare consideration.

Psychogenic parkinsonism is rare. To make the diagnosis, the examiner must
attempt to distract the patient or to observe the patient when the subject is un-
aware of the surveillance. A sodium amytal interview may also be considered.
Depending on the underlying psychiatric problem, neuroleptics may even be
helpful!

Clinical course
In the largest survey of extrapyramidal drug side effects Ayd [21] looked at 3775
patients and reported that DIP generally occurs later than akathisia and dysto-
nia: 90% of cases developed within the first 72 days, but that the time of onset
varied with the mode of drug administration (Fig. 1.1). He noted that patients
complained of prodromal symptoms such as weakness, paresthesias, and joint
pains, mainly in limbs later affected by parkinsonism. Patients with the syn-
drome were “constantly aware of fatigue’’ in affected limbs. These descriptions
are in contrast to other observations [15, 16] and may reflect differences in the
populations under study. Akinetic patients were apathetic and less active.

The initial signs of DIP were rigidity and impaired arm swing in 65% of
patients, and tremor in about 35%. The tremor usually began asymmetrically
in one arm. Tremor eventually developed in 60% of patients (vs. 80% in IPD).
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Freyhan [25] reported earlier that the great majority of patients developed
parkinsonism before the 20th day, whereas Medinar et al. [26] found that the
majority of patients developed parkinsonism within the first week. One study
[27] reported that the time of onset of parkinsonism was dose related in patients
on haloperidol, with higher doses producing akinesia within 2 weeks.

With continued drug exposure, the natural course of DIP is unknown. Pa-
tients successfully treated for DIP with antiparkinson drugs can often have
these drugs discontinued without a recurrence of DIP. This suggests that DIP
is often a temporary phenomenon that ameliorates with time. Animal data [28,
29] show that chronic exposure to dopamine receptor-blocking agents causes
an increase in dopamine turnover and alters the sensitivity of dopamine re-
ceptors. Thus, compensatory mechanisms occur in animals that, if present in
humans, could explain a decline in parkinsonism in people chronically exposed
to receptor-blocking drugs.

There are conflicting reports regarding the decline in DIP over time. One
study [30] reported resolution within 2 months. In another study of patients
on trifluoperazine for over 3 years, 27 of 63 continued to have tremor and 24
had rigidity. This DIP prevalence of almost 50% was seen despite concurrent
anticholinergic therapy in most cases [31]. Another report, however, found
that chronic antiparkinsonian therapy was rarely required, with only 9 out
of 1000 chronic patients receiving it [32]. This, of course, only implies that
severe, chronic DIP is uncommon, but it does not help in assessing the actual
prevalence of the syndrome.

In order to gauge the long-term course of DIP as well as tardive dyskine-
sia, Fernandez et al. examined 53 chronic schizophrenic residents of a state
psychiatric hospital in 1984 and again in 1998 [33]. Remaining on high-dose
neuroleptic therapy over the 14-year interval, these patients experienced a
significant decrease in tardive dyskinesia but a significant increase in parkin-
sonism, as measured by the Rating Scale for Extrapyramidal Signs (REPS).
These results suggest that DIP progresses over time.

Special aspects

Drug-induced parkinsonism in the elderly
The elderly may be at increased risk for DIP [15, 23]. A study of parkinson-
ism in Olmsted County, Minnesota indicated that the rate of DIP in ages 70
to 99 years actually increased over three 5-year periods between 1976 and
1995 [34]. If there is a higher risk of DIP in the elderly, it could relate to
the increasing likelihood of IPD in this age group, or it could simply be
due to the diminished number of nigral dopaminergic neurons [35]. Both of
these changes would increase the sensitivity to dopamine antagonists that
occurs with normal aging. If DIP is more common in women [21, 36], as
is reported in some studies (but not all [31]), then the increased incidence
of DIP in the elderly would only be partly explained by subclinical IPD, as
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most studies (but not all [37, 38]) show IPD to be more common in men [35,
36, 39].

In a prospective study, 9% of all new cases referred to a geriatrics unit had
parkinsonism. Of this total of 95 cases, 51% were drug-induced [40]. Inter-
estingly, only 25% of referring physicians had recognized the parkinsonism.
The most common offending agent was prochlorperazine (Compazine), an
antiemetic, which the authors felt was not indicated in even a single case. The
clinical features of DIP were similar to those encountered in IPD. Twenty-five
percent of the DIP patients could not walk, 60% gave a history of falls, and 45%
required hospital admission. The DIP persisted for a mean of 7 weeks (range
1–36) before resolution in the two out of three who resolved during the study.
Of note was the later development of parkinsonism, presumably due to IPD,
in five patients (11%) within 18 months, a higher number than anticipated in
an age-matched control population.

The prognostic implications of recognizing DIP in the elderly are great since
the disorder may not be benign [41]. In one study, 54% of the elderly with
DIP died within 41 months of diagnosis, a far higher rate than expected for
healthy, age-matched controls. Whether the mortality rate is higher for age in
medically matched controls is unknown. This study also found that 25% of
DIP patients developed IPD within 41 months of drug discontinuation.

These studies emphasize the problems associated with parkinsonism in the
elderly. The diagnosis of IPD cannot be made in a patient who has received
dopamine antagonists within the past year or more unless the parkinsonism
has slowly worsened off the drug. IPD develops in up to 25% of the elderly
with DIP, presumably reflecting the extra sensitivity to dopamine blockade in
preclinical IPD. And finally, the presence of DIP forewarns of a poor prognosis.
It is associated with gait dysfunction, falling, prolonged hospitalization, and
increased mortality. Undoubtedly, the indications for neuroleptic use also play
a role in determining this prognosis.

DIP and tardive dyskinesia
The coexistence of DIP and tardive dyskinesia is a relatively common although
not well-known fact. The heuristic concept of parkinsonism representing a
dopamine deficiency state and tardive dyskinesia representing a dopamine
excess state is clearly violated in its most simple formulation by the concurrence
of these syndromes.

Richardson and Craig [42] surveyed 132 patients at a state psychiatric
hospital of whom 91% were on neuroleptics and found that 28% had TD
only, and 19.7% had DIP only, while 17.4% had both. There were no signif-
icant differences in neuroleptic dose, duration of exposure, or antiparkinson
drug use. Crane [43] had similar results in a population that was probably
comparable (chronic state psychiatric in-patients). At the Institute of Mental
Health [44], the only state psychiatric hospital in Rhode Island, a survey
of the entire in-patient population, acute and chronic patients, revealed a
smaller percentage of patients with both syndromes, but the combination was
not rare.
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The coexistence of TD and DIP is analogous to the situation of the IPD
patient with levodopa-induced dyskinesias. In such a case, the patient may
still be bradykinetic and rigid while showing obvious chorea. The explanation
presumably lies in the differences in altered biochemistry occurring simulta-
neously in different regions of the brain. Thus in TD, the presumed recep-
tor alterations have a predisposition, for unknown reasons, to affect neurons
controlling the oral and facial regions (see Chapter 5). With an increase in
dopamine blockade, the TD usually decreases (is masked) and parkinson-
ism develops [33]. The relative balance between the receptor supersensitivity
(hypothesized to account for TD) in certain brain regions involved in gen-
erating TD versus dopamine receptor blockade in those controlling other
body segments may determine whether or not the TD is suppressed before
DIP appears. On the other hand, this cooccurrence could be considered a
further argument against the dopamine receptor supersensitivity hypothesis
for TD.

Withdrawal emergent parkinsonism
An unexplained and rarely reported [34, 35] form of DIP is that caused by
neuroleptic withdrawal (“withdrawal emergent parkinsonism’’). The first pa-
tient reported with this syndrome developed rigidity, drooling, and shuffling
gait over a 2-week interval as thioridazine 100 mg, chlorpromazine 150 mg,
and flurazepam 30 mg daily were tapered to a final schedule of chlorpro-
mazine 50 mg daily [45]. The syndrome rapidly improved with the addition of
benztropine.

A second report [46] concerned a prospective study of abrupt neuroleptic
withdrawal in 15 chronically hospitalized schizophrenics on long-term neu-
roleptic therapy (mean dose 1081 chlorpromazine equivalents). Those taking
anticholinergics had them withdrawn 5 to 7 days before the neuroleptic. Six
patients developed new or worsened parkinsonism within 1 to 4 days of neu-
roleptic withdrawal. Three had not been on anticholinergics, and the other
three had not worsened when the anticholinergics were stopped. All six had
rest tremor, two were hypokinetic, two had excess salivation, and four had
seborrhea. Of special note was the transient nature of the syndrome in one
patient, lasting only for a few hours, and the remarkable responsiveness to
treatment of the DIP with either anticholinergics or neuroleptics.

The authors of these reports provide no adequate explanation for their obser-
vations. This phenomenon certainly contradicts the simplistic theory that neu-
roleptics act primarily by blocking dopamine receptors and suggests a more
complex set of actions for these drugs. It is troubling, however, that a syndrome
that occurred in 40% of an unselected group of subjects is not recognized more
often. Abrupt discontinuation of neuroleptics is common among psychiatric
patients, yet withdrawal emergent parkinsonism is almost unknown. No re-
ports confirming these observations have been published since 1989. There
has been, however, one report of withdrawal emergent rabbit syndrome in
a patient on a tapering dose of risperidone [47]. The patient improved with
anticholinergic therapy.
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Epidemiology

Risk factors
While a number of risk factors have been tentatively identified for the de-
velopment of DIP, few have been confirmed by later studies, and contradic-
tory reports are common. Only one fact is unambiguous. All studies have
demonstrated a rather remarkable individual variation in susceptibility to
the extrapyramidal effects of dopamine-blocking drugs. This fact was noted
as early as 1957 [1] “. . . our observations reveal that neither drug quantity
nor treatment duration can account for the severity of extrapyramidal symp-
toms.’’ The author then went on to suggest that DIP subjects may have had
an increased incidence of neurological disorders, brain injury, and subnormal
intellect in family members, but he lacked sufficient data to compare this in-
formation on DIP patients to non-DIP patients.

The purported major risk factors for the development of DIP are female sex,
old age, high drug potency, and increased drug dose [36, 48, 49]. Several stud-
ies have also indicated that, not surprisingly, preexisting extrapyramidal signs
increase the risk of DIP [49]. However, one has to wonder if what the authors
called “normal’’ levels of EPS signs were really evidence of mild, presymp-
tomatic IPD. These are potential risk factors only and individual patients with
all of these predispositions may not develop any extrapyramidal syndromes
(EPS).

Ayd conducted the first major study of the clinical epidemiology of DIP
[21]. He identified three risk factors for DIP: female gender, old age, and the
use of high-potency neuroleptics. Ayd surveyed 3775 phenothiazine-treated
patients for all identifiable extrapyramidal reactions. Since he used a classifica-
tion system that allowed only one adverse effect per patient, his numbers may
be artificially low. He observed (1) that women were almost twice as likely to
suffer DIP than males in all age groups except for those below 10 and above
80 years old (both groups had small numbers of patients); (2) that DIP was
related to drug potency with trifluoperazine causing a 42% higher incidence
than chlorpromazine (chlorpromazine equivalent doses for the drugs were not
given); and (3) that older patients were at greater risk than the younger in both
sexes (Fig. 2.1). However, like Freyhan [1], he noted that 61% of the patients
had no extrapyramidal signs and that many of these were on larger doses of
neuroleptics than those suffering from EPS. The NIMH study of 1964 [14] also
documented the relationship between DIP and potency of neuroleptic with
thioridazine and chlorpromazine causing less DIP than fluphenazine. This
study did not comment on age or sex factors. A study of parkinsonism in Olm-
sted County, Minnesota from 1976 to 1990 [36] found DIP to account for 20%
of all parkinsonian patients. The incidence increased with age and was higher
in women across all age groups, though the incidence of both parkinsonism
and IPD was higher in men.

These observations, although generally accepted [48], are not universally
supported. Other studies have found no sex differences [31] and even age as a
risk factor has been contested [50, 51]. Most (but not all) [37, 38] studies of IPD
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show a male predilection [35, 36, 39], so the reversal of sex predominance in
DIP, if true, is surprising.

Many other potential risk factors have been explored. Myrianthopoulos et al.
[52] evaluated family history of parkinsonism as a potential risk factor. Detailed
family histories on psychiatric patients taking neuroleptics were obtained,
59 of whom had moderate-to-severe DIP and 67 of whom were without any
signs of parkinsonism (controls), despite being on neuroleptics. They found
a history of parkinsonism in 15 relatives of patients in the first group but in
only three relatives of the controls, concluding that there may be a familial
susceptibility to DIP. Unfortunately, although the patients and controls were
matched for age, gender, and drug exposure, the identification of affected fam-
ily members was based solely on history. The authors repeated their study
[53] and again found similar results but only for American Caucasian patients,
not for African Americans. This racial discrepancy may be real since there is
some evidence that African Americans are less prone to IPD than American
Caucasians [39], although no data exist on the relative risks of race on DIP.

Pursuing the possibility of a hereditary predisposition to DIP, one group
of investigators [54] performed HLA typing in 52 chronically hospitalized
schizophrenic white men on neuroleptics. They found a single antigen, B44,
significantly more common in the group with DIP than in the group with-
out. This antigen had not been associated with IPD in previous HLA studies.
Although the authors speculated on a variety of potential mechanisms to ex-
plain this association, the possibility of a chance association in one of 80 anti-
gens tested must be considered. A comparable study from a different center
will be required to confirm these results.

A puzzling risk factor cited for DIP is taste sensitivity for quinine. One study
found that more sensitive tasters had a greater sensitivity to DIP at low doses
of trifluoperazine yet less sensitivity at high doses [55].

Some studies have implicated brain damage as a risk factor for DIP. Eleven of
18 lobotomized schizophrenics [56] suffered from DIP whereas only 3 of the 11
nonlobotomized had DIP despite their use of lower doses of anticholinergics.
This result, however, was not found in another group of lobotomized patients
[56]. In a separate study looking at the effects of structural brain damage,
lateral ventricule size was found to correlate with DIP in patients taking the
same doses of chlorpromazine [57]. However, DIP was defined as the ward
physicians’ use of antiparkinson medication. In addition, there was no one-
to-one correlation between ventricular size and DIP: some normal controls
and non-DIP neuroleptic-treated patients had larger ventricles than did some
patients with DIP.

Several studies indicate that the presence of dementia increases the risk of
developing DIP, especially in the elderly [49]. A study by Chakos et al. showed
an association between severity of psychiatric disease and risk of DIP [51].

Serum levels of neuroleptic have been shown to correlate only variably with
DIP [54, 58, 59]. However, the question of a relationship between DIP and
serum levels of neuroleptic is somewhat misleading since DIP may persist for
months after a drug is discontinued [22]. In such cases, the serum drug level
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may be zero but the dopamine receptors in the brain may remain strongly
blocked.

The question of a correlation between DIP and psychiatric response has
been debated. Alpert et al. [60] found that DIP, as measured by tremor in
a single finger, was dose related and negatively correlated with psychiatric
response. This has not been confirmed with repeat studies, and such studies are
complicated by the dissociation between the temporal motor and psychiatric
responses to neuroleptics.

Neuroleptic potency and neuroleptic dose are unequivocal risk factors for
DIP. Increasing age, preexisting EPS signs, dementia, severe psychiatric dis-
ease, and brain damage are possible predisposing factors. However, the devel-
opment of DIP is notoriously unpredictable. In one study, a patient receiving
480 mg trifluoperazine had no DIP [61], and we have seen a patient on long-
term haloperidol 200 mg per day without parkinsonism.

Pathophysiology

Pharmacology
The term “neuroleptic,’’ literally meaning “that which grips the nerve,’’ was
coined by Delay and Deniker and is used in a somewhat arbitrary fashion.
Originally introduced to describe the effects of chlorpromazine and reserpine
on animals and humans, the term referred to a unique constellation of quali-
ties that included both the tranquilizing and antipsychotic effects of the drugs
as well as characteristic EPS effects. Eventually, the term came to be synony-
mous with “antipsychotic’’ and became less associated with the dopamine-
depleting drugs. With the advent of atypical antipsychotic drugs, “neuroleptic’’
has taken on the connotations of the neurologic profile it originally described
and is now primarily associated with the conventional antipsychotics and
other dopamine-blocking drugs that cause extrapyramidal side effects [62].
In common neurological parlance, the term “neuroleptic’’ is used to mean a
dopamine receptor-blocking drug, including the antipsychotics, the antiemet-
ics, and metoclopramide. The latter drugs, if used in high doses, also possess
some antipsychotic efficacy. There are five general categories of neurolep-
tic drugs: phenothiazines (thioridazine, prochlorperazine), butyrophenones
(haloperidol, droperidol), thioxanthenes (thiothixene), dibenzaepines (loxap-
ine, clozapine), and substituted benzamides (metoclopromide). Dopamine-
depleting drugs are usually considered separately.

Clozapine and the newer antipsychotics are not usually described as “neu-
roleptics,’’ but are instead referred to as “atypical antipsychotic’’ (AA) drugs.
Though poorly defined, the term “atypical antipsychotic’’ is usually used to
describe antipsychotics associated with a low incidence of EPS. In addition to
clozapine, these medications include risperidone, olanzapine, quetiapine, and
ziprasidone These drugs first came to attention because they did not induce
catalepsy or antagonize amphetamine stereotypies in animals at doses com-
parable to conventional antipsychotics. Other characteristics include a high
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Table 6.2 Characteristics of atypical antipsychotics

Characteristics Clozapine Risperidone Olanzapine Quetiapine

Fails to induce catalepsy or + − − +
antagonize amphetamine
stereotypy

5HT/D2 ratio + + + +
No prolactin elevation + − +/− +
Improves negative symptoms + + + +
Decreased EPS + − −∗∗ +/−∗∗

∗Modified from Friedman JH, Meltzer H. Atypical antipsychotics. In: Factor SA, Weiner WJ
(eds.) Parkinson’s Disease: Diagnosis and Clinical Management. New York: Demos Medical
Publishing, 2002: 412; and Friedman JH, Factor SA. Atypical antipsychotics in the treatment
of drug-induced psychosis in Parkinson’s disease. Mov Disord 2000; 15(2):201–211.
∗∗EPS reported in parkinson-sensitive/vulnerable populations.

ratio of 5HT2-to-D2 receptor activity and failure to cause increases in prolactin
levels. These factors have been found to correlate well with the clinical effects
of these drugs in humans, namely, better efficacy than conventional antipsy-
chotics, especially on negative symptoms, with less risk of EPS effects and tar-
dive dyskinesia (see Chapter 12) [63]. The most purely atypical antipsychotic,
clozapine has all of these qualities, but its use is limited by rare agranulocy-
tosis and the need for weekly blood monitoring. The other AAs have varying
degrees of atypical features and carry more risk of EPS (Tables 6.2 and 6.3) In
order of atypicality, from greatest to least, the AAs can be ranked as follows:
clozapine, quetiapine, ziprasidone and olanzapine, risperidone. Risperidone,
in particular, is a controversial member of this group because it has few atyp-
ical features, and some authors believe that it should not be included in this
category at all [63–66].

Clozapine
The first AA, clozapine, opened a new era in the treatment of schizophrenia be-
cause it offered no extrapyramidal side effects in addition to better efficacy than
conventional neuroleptics, especially on negative symptoms. The drug was

Table 6.3 Receptor binding of atypical antipsychotics

Drug D1 D2 5HT-2A α1 α2 H1 M1

Clozapine ++ ++ +++ +++ +++ +++ ++++
Risperidone + +++ ++++ ++ +++ ++ 0
Olanzapine ++ ++ ++++ +++ 0 ++++ ++++
Quetiapine + + + +++ + ++++ +

D = Dopamine, 5HT-2A = Serotonin, α = alpha adrenergic, H = Histamine, M = Muscarinic.
∗Taken from Friedman JH, Meltzer H. Atypical antipsychotics. In: Factor SA, Weiner WJ (eds.)
Parkinson’s Disease: Diagnosis and Clinical Management. New York, Demos Medical
Publishing, 2002: 412.
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first released in Europe, but initial enthusiasm cooled after several patients de-
veloped agranulocytosis and some died [63]. In 1988 the Clozaril Collaborative
Study Group published a large trial [67] comparing clozapine with chlorpro-
mazine in refractory, chronically hospitalized schizophrenics and found the
drug to be significantly more efficacious than chlorpromazine. Furthermore,
after switching from haloperidol, EPS symptoms improved significantly more
in the clozapine-treated group than in the chlorpromazine group. Based on this
study, the FDA approved clozapine for the treatment of refractory schizophre-
nia, and use of the drug has since broadened to include treatment of psychosis
in patients at high risk for developing extrapyramidal side effects.

Many consider a drug’s effect in parkinsonian populations to be the true
“litmus test’’ of its propensity to cause parkinsonism in the general popula-
tion. Initial reports of clozapine in parkinsonian patients were, for the large
part, positive, describing good efficacy in the treatment of psychosis without
worsening of motor symptoms [68]. The 1999 PSYCLOPS trial [69] and the
French Clozapine Parkinson Study Group trial [69] were two major multi-
center, double-blind, placebo-controlled trials of low-dose clozapine for the
treatment of drug-induced psychosis in Parkinson’s disease. Both trials found
clozapine to be effective without worsening parkinsonism. Moreover, the drug
actually improved tremor. Unfortunately, its potential to cause agranulocyto-
sis limits its use, and patients in the United States are required to have weekly
blood monitoring. Agranulocytosis occurs in less than 1% of patients, and this
reaction is idiosyncratic and unrelated to dose.

Risperidone
Risperidone was the next AA to be approved in the United States. The North
American trials [70, 71] and the International trial [72] were multicenter
double-blind studies evaluating the safety and efficacy of multiple doses of
risperidone in the treatment of schizophrenia. Although the North American
trials showed no significant difference in the EPS effects of risperidone 6 mg
per day compared to placebo (based on ESRS score and use of antiparkinso-
nian meds) [70, 73, 74] they did show an increase in EPS effects at higher doses
of the drug [70, 74]. A study of risperidone in dementia over 12 weeks showed
no significant EPS difference from placebo [75], and a comparison of clozapine
and risperidone in 86 patients with chronic schizophrenia showed similar EPS
effects in both drug groups [76].

Other reports, however, revealed an increased risk of EPS in patients on
risperidone [73]. In a comparison trial of clozapine, risperidone, and conven-
tional antipsychotics, patients on risperidone scored significantly higher on the
Simpson-Angus Scale than clozapine patients, and there was no significant dif-
ference between the scores associated with risperidone and those associated
with conventional antipsychotics [73]. On the Subjective Extrapyramidal Rat-
ing Scale, patients on conventional antipsychotics actually scored significantly
better than patients on risperidone [73]. Similarly, a study of risperidone and
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haloperidol in neuroleptic-naı̈ve patients showed no significant difference be-
tween EPS effects of risperidone and those of haloperidol [64].

Based on these results in the schizophrenia population, one would expect
risperidone’s EPS effects to be problematic in parkinsonian patients. Results to
date have been mixed [68]: although some studies have reported risperidone
to be safe in PD patients [77, 78], other studies have shown that many patients
are unable to tolerate the drug due to motor worsening [65, 66]. Moreover, the
studies supporting the safety of risperidone in PD [77, 79, 80] are controversial,
and their conclusions have been contested [68, 81]. In 2001, Factor et al. found
82 cases in the literature of PD patients treated with risperidone, 23 of which
(33%) described motor worsening [81].

Overall, risperidone’s EPS effects appear to fall somewhere between those of
clozapine and the conventional antipsychotics [73], with higher doses carrying
greater risks of DIP and other extrapyramidal signs. Many believe its risk of
EPS to be closer to that of the typical antipsychotics than the other AAs [64,
73, 81], and DIP remains a concern.

Olanzapine
There were four pivotal trials of olanzapine for the treatment of schizophre-
nia: the U.S. clinical trial [82] and the North American trial [83] were placebo
controlled, while the Eastern Hemisphere [84] and International trials [85] com-
pared olanzapine to haloperidol. All four pivotal trials showed improvement
from baseline EPS symptoms in olanzapine-treated patients as measured by
the Simpson-Angus scale [86]. The two placebo-controlled trials, however, also
showed EPS improvement in patients on placebo [82, 83, 86], and there was no
significant difference between the improvements in EPS seen with olanzapine
and placebo [82, 83]. In the three trials that included haloperidol, olanzap-
ine was associated with fewer EPS side effects than haloperidol [83–85]. In a
separate trial comparing olanzapine to risperidone, olanzapine had a lower
incidence of EPS effects based on both patient report and objective assessment
[86, 87]. The trials that included multiple fixed doses of olanzapine did not
show a dose-dependent increase in EPS symptoms with olanzapine [86].

The drug’s seemingly low EPS profile in schizophrenia raised the hope that
it could be used to treat psychosis in IPD, and there have been several stud-
ies of olanzapine in Parkinsonian patients. Despite an initial open study [88]
that showed no motor worsening in PD patients, subsequent reports have
demonstrated a deleterious effect of the drug on motor functioning in PD [63,
89–95]. Two multicenter, double-blind, placebo-controlled trials of olanzapine
in parkinsonian patients have been published [96], as well as a third, single-
center study [97]. Both reports described no benefit of olanzapine over placebo
in the treatment of psychosis, but olanzapine did cause significant worsening
of motor function. Although olanzapine’s EPS profile is certainly better than
that of conventional neuroleptics, and probably better than that of risperidone,
DIP remains a risk in olanzapine-treated patients.
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Quetiapine
Two double-blind, placebo-controlled trials of quetiapine in schizophrenia
found its EPS effects to be no different from those of placebo [98, 99]. Al-
though unrelated to clozapine pharmacologically, its low potential to produce
catalepsy in animals and its effects on apomorphine-induced stereoptypies are
similar to those of clozapine. Furthermore, it does not cause elevations in pro-
lactin levels and has a high 5HT2/D2 receptor ratio [68] (Table 6.2). Thus, the
“atypicality’’ of its pharmacologic profile is second only to that of clozapine.

Although there have not been any double-blind trials of quetiapine in PD
patients, experience with the drug in parkinsonian populations has been con-
sistent with the above data [68]. Numerous reports have described good effi-
cacy without worsening parkinsonism [68]. Even in those studies that showed
motor worsening in significant numbers of patients, the symptoms were not se-
vere enough to cause discontinuation of the drug in most patients. It is possible
that most of the increased parkinsonism could be due to disease progression
rather than quetiapine, especially in long-term trials [68].

Based on the available data, only clozapine carries a lower risk of DIP than
quetiapine. Although quetiapine is inferior to clozapine in terms of DIP and
antipsychotic potency, it does not carry the life-threatening risk of agranulo-
cytosis.

Ziprasidone
A newer AA, ziprasidone, was approved for use in the United States in Febru-
ary, 2001. As a result, experience with the drug is not as extensive as with
the other atypical antipsychotics. Ziprasidone was approved for the treat-
ment of schizophrenia based on two major double-blind, placebo-controlled
trials [100, 101]. Both studies showed no notable difference in the EPS effects
of ziprasidone and placebo, but more ziprasidone patients required treatment
with benztropine. However, patients not treated with benzotropine had similar
Simpson-Angus scores regardless of their treatment arm. In one of the studies
[101], there appeared to be a slight trend toward increasing the incidence of
patient-reported EPS with higher ziprasidone doses, but only one patient on
ziprasidone discontinued the study because of a movement disorder.

In addition to these two trials, a number of short-term (4–6 weeks) studies
were conducted during late-stage development of the drug, most of which
were published in abstract form [102, 103]. A review of these short-term,
placebo-controlled trials showed similar results to the two pivotal trials [103]. A
more recently published, longer trial compared ziprasidone with haloperidol
in the long-term treatment of schizophrenia [104]. Not surprisingly, patients
on ziprasidone had significantly less parkinsonism on exam than patients on
haloperidol. Despite these objective data, 15% of patients reported experienc-
ing a movement disorder on ziprasidone, though only one of these patients
discontinued the trial for this reason [104].

Overall, ziprasidone appears to be associated with a low incidence of DIP,
and its EPS effects have been found to be comparable with placebo in several
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trials [100–103, 105, 106]. Although these trials have not shown any relation-
ship between dose and EPS symptoms [100, 102], many experts believe that
EPS is more likely to occur in patients on higher doses of the medication and
in patients who are already at risk for movement disorders [101, 105]. This
has been the case with several other atypical antipsychotics, and their true
propensities for EPS effects have been revealed when the drugs were used in
high-risk populations such as parkinsonian patients. As ziprasidone use has
yet to be reported in PD patients, the actual extent of its EPS effects remains
unclear. The trials in schizophrenia and the drug’s minimal effect on prolactin
levels suggests that its EPS profile may be similar to that of olanzapine [105].

Nonneuroleptic DIP

Lithium
Several nonneuroleptic drugs have also been reported to cause DIP. Lithium-
associated EPS was first described in 1975 when Shopsin and Gershon de-
scribed cogwheel rigidity in 15 out of 27 outpatients on chronic lithium without
concomitant neuroleptic use [107]. Subsequent reports have described tremor,
rigidity, and other EPS symptoms in lithium-treated patients, but many of these
patients were also on neuroleptic medication. A cross-sectional study [108]
evaluated 130 outpatients for EPS, 110 of whom were treated with lithium. Of
these, 19 were also on neuroleptics, and another 40 had been on neuroleptics in
the past 6 months. The study found tremor to be significantly associated with
both lithium and neuroleptics, but no association was found between lithium
and hypokinesia or akathisia. There was a trend toward more EPS symptoms
(as rated by the ESRS) in patients on the combination of lithium plus a neu-
roleptic. Thus, the risk of DIP with lithium remains unclear, the combination
of lithium and neuroleptics may carry greater risk than either drug alone.
We have seen lithium induce a syndrome identical to IPD that reversed upon
lithium’s discontinuation.

Valproic acid
DIP has also been reported in patients on valproic acid (VPA). A study of
36 patients [109] on VPA for 12 months or more revealed 75% of them as hav-
ing parkinsonism, defined as three or more of the following: 4–7 Hz resting
tremor, rigidity or cogwheeling, posture and gait abnormalities, decreased
motion rates of alternating movements, or hypokinetic speech. Of these, 96%
experienced a mean improvement of 19.6 points on the Unified Parkinson’s
Disease Rating Scale (UPDRS) after stopping VPA. Patients were also found
to have cognitive and hearing impairment, and these deficits improved as
well. The authors concluded that chronic VPA therapy can cause a reversible
syndrome of parkinsonism and cognitive impairment that is characterized by
an insidious onset over several years, often accompanied by hearing impair-
ment. Although this study was not blinded, other case reports have described
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similar patients as well as a more acute syndrome associated with short-term
therapy [110, 111]. Given the potential for resolution of symptoms, DIP should
be considered in parkinsonian patients on VPA.

The pathophysiology of VPA-induced parkinsonism is unclear. Interestingly,
VPA does not affect dopamine receptors [112]. Some authors suggest that VPA
may cause mitochondrial dysfunction, specifically defective NADH CoQ re-
ductase, which leads to reversible parkinsonism. The drugs GABAergic activity
may also play a role [109].

Calcium channel blockers
Although not approved in the United States, the calcium channel blockers, cin-
narizine and its derivative, flunarizine, have been shown to cause DIP. Both
drugs have antihistaminic, antiserotinergic, and antidopaminergic activity, but
flunarizine is more potent and has a longer half-life. Looking for evidence
of EPS, Micheli et al. [10] examined 101 patients treated with either flunar-
izine or cinnarizine without a history of exposure to neuroleptics. Ninety-three
of these patients had parkinsonism. After withdrawal of the medication, all
93 patients experienced a full recovery over a range of 7–270 days.

A more recent Spanish study [9] of 306 parkinsonian patients revealed DIP to
be the diagnosis in 172 patients, of whom 74 had been taking cinnarizine for an
average of 33 months. In 45 patients cinnarizine was the offending drug. After
discontinuation of cinnarizine, 89% of patients recovered completely over
1–16 months, a higher rate of recovery than seen with the other DIP patients
in this study.

Despite the good outcome in this series, other reports suggest that
flunarizine- and cinnarizine-induced parkinsonism may not be so reversible.
A study [113] of 13 such patients found that they continued to exhibit parkinso-
nian signs over a period of ≥ 7 years after the discontinuation of the offending
drug.

Several studies suggest that susceptibility increases with advanced age, fe-
male gender, and a background of familial essential tremor [9, 10, 113]. The
Negrotti study also suggested that calcium blocker-induced parkinsonism may
be associated with preferential involvement of the arms and a longer latency of
onset compared to neuroleptic-induced parkinsonism, but other studies have
not shown such differences [9].

The mechanism of action behind the EPS effects of these calcium channel
blockers is unclear. It has been postulated that calcium channel blockade may
influence calcium-mediated neurotransmitter release from the presynaptic ter-
minal [10], thereby decreasing the amount of neurotransmitter available in
the synapse. Since EPS is not seen with other calcium channel blockers, this
explanation does not seem entirely adequate, but presynaptic influences on
dopamine may still play a role. Cinnarizine has also been shown to block
postsynaptic dopamine receptors in the striatum, and flunarizine acts at these
receptors as well [9, 11].
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Selective serotonin reuptake inhibitors
The most commonly prescribed antidepressants, selective serotonin reuptake
inhibitors (SSRIs), can also cause parkinsonism. Though this side effect is un-
common, the widespread use of these drugs makes it important to recognize
their association with DIP.

In a 1996 review [114], Leo identified 71 cases of SSRI-induced movement
disorders, 10 of which were categorized as parkinsonism. This series also iden-
tified seven cases of preexisting parkinsonism made worse by the addition of
an SSRI. Fluoxetine was the most commonly implicated drug, with a few cases
also attributed to paroxetine and fluvoxamine. Sertraline was not linked with
any cases of parkinsonism. Prescribing frequencies are most likely primarily
responsible for these different rates of association, Although different phar-
macologic properties of the various SSRIs may also contribute. For example,
fluoxetine has a longer half-life than many other SSRIs, while sertraline has
a negative effect on dopamine reuptake. More recent reports have described
DIP in patients on sertraline [115] as well as in patients on other SSRIs.

In a 1998 review [116], Gerber and Lynd identified 127 published cases of
SSRI-induced movement disorders, 25 of which were categorized as parkin-
sonism, and 15 of which were mixed. Industry reports provided 516 reports
of parkinsonism in patients on SSRIs.

Despite these reports, more recent studies of SSRI effects in parkinsonian pa-
tients have been mixed. Several reports have described motor worsening with
SSRI use in these patients [117, 118] and there have been reports of SSRI-induced
parkinsonism in patients who later developed IPD [119, 120] suggesting that
the SSRI “unmasked’’ the underlying disease. Other studies suggest that
SSRIs are safe in parkinsonian patients [121–123]. It should be noted, however,
that two of these negative studies described patients with increased off-time
and/or tremor, both of which reversed with discontinuation of the SSRI [122,
123]. In a retrospective chart review, Richard and Maughn [124] identified 58
parkinsonian patients who received treatment with SSRIs. Of these, only five
experienced possible motor worsening related to SSRI therapy, and in each
case the authors found possible alternative explanations for the worsening.

The mechanism behind SSRI-induced DIP is unclear but likely involves
serotinergic inhibition of dopaminergic pathways [114, 125]. SSRIs may also af-
fect the metabolism and availability of other drugs with DIP potential, thereby
increasing the risk of DIP in patients on multiple medications. The reverse is
also possible: other drugs may alter the effects of SSRIs and increase the risk
of DIP. For example, one patient on fluoxetine developed DIP only after the
addition of cimetidine [126].

Catecholamine-depleting agents
Reserpine is a naturally occurring substance derived from the rauwolfia shrub.
It acts to deplete intraneuronal catecholamines by blocking their reuptake.
Tetrabenazine also acts to deplete intraneuronal catecholamine stores but is less
potent than reserpine. The action of tetrabenazine is considerably shorter than
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reserpine, so that adverse effects reverse more readily and the onset of action
is quicker. However, tetrabenazine, in addition to depleting catecholamines,
also may block dopamine receptors [127]. Alphamethyltyrosine (metyrosine)
is a competitive inhibitor of tyrosine hydroxylase, the rate-limiting enzyme
that converts tyrosine to diorthophenylalanine (levodopa) in the synthesis of
dopamine, norepinephrine, and epinephrine. It depletes catecholamine stores
by reducing synthesis.

Mechanisms of action (see also Chapter 3)
All neuroleptics (if one excludes the catecholamine depletors) block dopamine
receptors [128] (see also Chapter 3). All of the conventional antipsychotics
induce similar biochemical, physiological, and behavioral changes in animals
and presumably in humans. In animals, they induce catalepsy (the prolonged
maintenance of abnormal postures), reduce aggressive and hostile behavior,
and decrease normal exploratory and locomotor behavior. In humans, they
lessen emotions and interest in the environment in normal controls, and they
reduce psychotic symptoms in psychiatric patients. They inhibit the actions
of dopamine agonists in animals such as apomorphine-induced motor and
stereotypic behaviors, vomiting, and climbing. The neuroleptics have diverse
profiles with respect to which dopamine agonist actions they antagonize most.

There are several dopaminergic systems within the brain, but the one that
is particularly important in understanding parkinsonism is the nigrostriatal
pathway. Within this and the other dopamine systems there have been at least
five classes of identified dopamine receptors. These are classified into two
groups, the D1 family (D1 and D5 receptors) and the D2 family (D2, D3, and
D4 receptors). The D1-type receptors are linked to G-proteins that stimulate
adenylate cyclase and lead to an increase in cAMP. The D2-like receptors are
coupled to G-proteins that either inhibit adenylate cyclase, are inactive, or link
with phospholipase C [129]. Both families of receptors influence various ion
channels as well. The D2 receptor has been most closely linked to both the
parkinsonian side effects of neuroleptics and to the antipsychotic properties of
these drugs.

Different regions of the brain have different ratios of the various dopamine
receptors. For example, the caudate, putamen, and nucleus accumbens contain
a higher density of D1 receptors than the thalamus and cortex. D2 receptors are
concentrated in the striatum and substantia nigra, but D4 receptors are more
concentrated in the cortex and limbic areas [129]. Different antipsychotics have
different affinities for the various receptors. For example, among the conven-
tional neuroleptics, butyrophenones and benzamides have a low affinity for
the D1 family and a high affinity for receptors in the D2 family. Clozapine has
a uniquely high affinity for the D4 receptor. It was postulated that the different
affinities of various antipsychotics for different receptors concentrated in differ-
ent areas of the brain helped to explain their variable extrapyramidal profiles,
with D4 receptors mediating antipsychotic effects and D2 receptors mediat-
ing extrapyramidal symptoms. Thus, the conventional neuroleptics cause EPS
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effects because of their action at D2 receptors in the basal ganglia, with high D2

affinity drugs such as fluphenazine causing more EPS than drugs with lower
D2 affinities. According to this thinking, clozapine is free of EPS risks because
of its high affinity for D4 rather than D2 receptors.

This model does not, however, adequately explain the mechanism of action
of the AAs. Both typical and atypical antipsychotics bind to D2 receptors,
yet only the conventional neuroleptics cause EPS effects. Moreover, typical
neuroleptics bind to D4 receptors with an even greater affinity than clozapine
[130]. Clozapine itself acts on other receptors, sometimes with affinities greater
than its affinity for the D4 receptor. Thus, it is unlikely that D4 properties fully
explain the effects of antipsychotics, either typical or atypical.

In addition to dopamine receptors, the AAs bind to several other sites as
well (Table 6.3), and these other receptors may help explain their atypical ef-
fects. Atypical antipsychotics have been shown to have a higher 5HT2/D2 ratio
than typical antipsychotics [131, 132], and it has been suggested that this 5HT
activity is responsible for atypicality. Proponents argue that the combination
of 5-HT and D2 receptor blockade influences dopamine release in the striatum,
cortex, and limbic system. Several drugs selected for development based on this
theory subsequently proved to be clinically atypical (risperidone, olanzapine,
quetiapine, and ziprasidone) [133].

Other neurotransmitter systems may also be important, but their role re-
mains unclear. In IPD, the degeneration of dopaminergic pathways releases
cholinergic neurons from dopaminergic inhibition, and these neurons become
hyperactive [134]. In DIP, dopamine blockade produces a similar effect. By
decreasing the cholinergic hyperactivity, antipsychotics with anticholinergic
properties may balance some of their antidopaminergic effects. However, this
concept does not adequately explain the different EPS profiles of antipsychotics
or even the difference between the typical and atypical drugs. Clozapine has a
high affinity for muscarinic receptors and therefore has anticholinergic prop-
erties [135], but this alone is clearly insufficient to explain its lack of EPS. The
two-drug combination of an anticholinergic and a typical neuroleptic does not
mimic clozapine’s lack of extrapyramidal effects, and low-potency neurolep-
tics such as thioridazine have relatively similar antimuscarinic properties [136]
yet do not have clozapine’s extrapyramidal profile. Conversely, other AAs do
not display prominent anticholinergic activity.

More recently, attention has returned to the D2 receptor. It has been theorized
that a drug’s extrapyramidal and antipsychotic effects depend not on the type of
receptors bound, but rather on the time bound to a single receptor, specifically
the D2 receptor. Drugs dissociate from the D2 receptor at different rates, thereby
resulting in different occupancy rates for each drug. At equivalent doses, drugs
with slow dissociation rates reach higher receptor occupancy levels than drugs
with fast dissociation rates and can be described as having a higher affinity for
the receptor; conversely, low-affinity drugs dissociate faster. According to this
theory, antipsychotic effects occur above a certain threshold occupancy rate,
and EPS effects appear only above an even higher occupancy rate. Thus, fast
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dissociation drugs achieve occupancy rates above the threshold required for
antipsychotic effects without reaching the level associated with extrapyramidal
symptoms, while slow dissociation drugs push occupancy rates above the
EPS threshold and cause unwanted side effects [130]. Haloperidol and other
conventional antipsychotics are slow dissociating, clozapine and quetiapine
are fast dissociating, and risperidone and olanzapine are in between, with
dissociation rates that are dose dependent. Proponents of this theory argue that
low affinity for the D2 receptor is both necessary and sufficient for atypicality
and that other receptors are only of secondary importance. Critics point out
that this theory does not adequately explain the actions of certain AAs and
that it has not led to the development of any new agents [133, 137].

As ascending serotinergic pathways inhibit dopaminergic pathways in the
basal ganglia [134], the role of serotonin may also be important. Simply put,
antipsychotics with a high 5HT2/D2 receptor ratio could increase dopamine
transmission by blocking inhibitory serotinergic influences, thereby coun-
teracting some of the effects of dopamine receptor blockade: the higher the
5HT2/D2 ratio, the less overall effect on dopamine motor systems. While some
authors believe that 5HT2 receptor activity is central to explaining the mecha-
nism of AAs, others have questioned this theory.

Antipsychotics may also affect noradrenergic and GABAergic pathways as
well as neuropeptide systems, but less is known about drug interactions with
these systems. Moreover, the role of these pathways in parkinsonism is still
unclear [134].

Treatment of DIP

Introduction
Problems in the treatment literature
Ideally, the treatment for DIP is discontinuation of the offending agent, but
this is often not possible. Alternatively, the patient can switch to a medication
with a lower risk of DIP; the advent of AAs has opened a new field of ther-
apeutic alternatives to conventional neuroleptics. In some cases, however, an
alternate drug is not an option. When additional treatment is required, DIP
is usually treated with anticholinergics or amantadine. Diphenhydramine is
another possible option. However, the data to support these choices are scanty.
Few double-blind trials have been performed to prove efficacy, and even
fewer have compared active drug to placebo. Most have compared one drug
with another. The problems inherent in this area have been well reviewed by
Mindham [138], including problems with rating instruments, the natural ten-
dency of untreated DIP to improve over time, the reporting of results that strain
credibility, the occasional failure to obtain baseline measurements, the use of
nonblinded raters, the use of untrained raters, and the use of different popula-
tions. Treatment studies for DIP fall into three categories: treatment of symp-
tomatic DIP, prophylaxis against DIP, and chronic treatment/prophylaxis of
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DIP while on neuroleptics. The last category refers to the questionable need for
continued long-term antiparkinsonian medication in view of the fact that DIP
can resolve spontaneously even though the patient remains on a neuroleptic.
Some of these issues have resolved over time and with the advent of AAs, but
others remain.

Rating scales
Although it was evident quite early that DIP and IPD appeared to be clini-
cally similar, the two Parkinson syndromes were evaluated differently. As was
the case with investigations of IPD, psychiatric papers used a variety of rat-
ing instruments to score parkinsonian severity. In neurological trials in IPD,
however, there has been an increasing trend to use the UPDRS [139]. Simi-
larly, over the past 10 years, psychiatric trials have moved toward use of the
Simpson-Angus Scale (SAS) to evaluate DIP. This standardization has signifi-
cantly improved the ability to compare data from different studies.

The Simpson-Angus scale [140] uses a 5-point scale to rate each of nine dif-
ferent items. It is readily apparent that scoring is heavily weighted toward
rigidity. Seven of nine items are measures of rigidity. Glabellar tapping to
measure akinesia and gait analysis for posture and arm swing are the only
other items analyzed. Tremor, bradykinesia, and postural instability are no-
tably absent from the scale. Furthermore, the tests advocated for rigidity are
extremely difficult to perform because of limited patient compliance.

Other tests employed to rate EPS signs include the Rating Scale for Ex-
trapyramidal Symptoms (REPS) [141], the Extrapyramidal System Rating Scale
(ESRS) [142], and Mindham’s scale [138]. The REPS fails to rate bradykinesia
but is useful for patients whose parkinsonism is not severe. It does not as-
sess subjective symptoms and is easy to use. The ESRS scores DIP signs in
each limb so that measures of tremor or rigidity acquire extra weight by being
multiplied by the number of limbs involved. Thus, a severely disabled person
“barely able to walk’’ may have the same score as a patient with occasional
low-amplitude tremors in multiple limbs. The objective portion of the scale is
brief, and the ESRS is therefore vulnerable to bias. Mindham’s scale includes
the useful concept of a global assessment of parkinsonism rather than a sum
of scores.

While objective measures provide clearly defined and easy-to-compare re-
sults, they require consistent cooperation from the subject. This is readily
achievable with some subjects but can be virtually impossible in severely
affected psychiatric patients. Diminished attention for any reasonimpairs
reliability of the results, and since individual patients act as their own con-
trols, the tests must be reliable.

Treatment of symptomatic DIP
Anticholinergics
Negative reports. Simpson [143] treated patients with advanced phenothiazine-
induced parkinsonism with single boluses of intravenous anticholinergics and
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found no difference compared to placebo. He then treated six patients with
oral biperiden in standard doses for 5 weeks. Only one patient improved.
The surprising conclusion of the study was that it is exceedingly difficult to
measure DIP. “As benztropine and biperiden are widely used for the treatment
of parkinsonism, we may be justified in rejecting’’ the conclusion that there is
no difference between active drug and placebo. This study exemplifies the
problems of clinical trials in this area.

In looking at individual variations in response to neuroleptics, Simpson et al.
[61] treated those who developed DIP with benztropine and reported benefit
“in a small number of cases’’ only.

In one of the only double-blind, placebo-controlled studies, amantadine and
orphenadrine were compared to placebo in a crossover fashion [142], and no
differences from placebo were found.

Positive reports. An open study [26] of phenothiazine-induced DIP used
biperiden in doses of up to 18 mg daily. The majority responded well to
6 mg per day. In another double-blind controlled trial [142] comparing pro-
cyclidine, piribedil, and placebo, procyclidine was found to be more effective
than placebo on clinical evaluations, yet timed tasks (which are presumably
more objective or measure different functions than the clinical assessment)
showed no differences. Using young male patients as their own controls, Kelly
et al. [144], found in a double-blind controlled study of DIP that benztropine at
2–4 mg per day was able to induce virtually total clinical remission. However,
here too, objective scores using timed tasks showed no changes. Amantadine,
though helpful, was less effective. DiMascio et al. [141] also reported benefit
from anticholinergics in a blinded study without placebo.

Amantadine
The mechanism of action of amantadine is thought to be glutamate antagonism
via inhibition of the NMDA receptor subtype. In addition, amantadine may
work through the dopamine system by increasing dopamine release, acting
as a dopamine receptor agonist, and blocking dopamine reuptake. It may also
possess some anticholinergic activity [145].

In an open study of DIP patients, amantadine produced moderate-to-marked
benefit in 9 of 10 cases [74]. In a double-blind comparison of benztropine
and amantadine [141], both were found to be equally effective in DIP, but
amantadine was better tolerated. Greenblatt et al. [146] reported that amanta-
dine was beneficial and that, in general, improvement paralleled serum levels
of amantadine. Stenson et al. [147] reported benefit in 100% of patients on
amantadine and found that it was as effective as benztropine, with a similar
incidence of adverse effects. Pacific et al. [148] found that amantadine led to
a rapid and marked improvement within 4 to 6 days in rigidity and tremor
in 15 patients whose DIP had been unresponsive to anticholinergics. There
was no relationship found between individual responses and serum aman-
tadine levels. Only the placebo-controlled study of Mindham et al. [142] has
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reported negative results using amantadine. Thus, the results for amantadine
are somewhat less conflicting than for anticholinergics.

Treatment with levodopa
Treating DIP with levodopa initially seems somewhat counterintuitive. On
one hand, since dopamine receptors are blocked, increasing dopamine should
not have any effect. On the other, it is known that dopamine receptor block-
ade in animals produces a reactive increase in dopamine turnover and an in-
crease in dopamine receptors. Thus, one could argue that DIP occurs when
there are too few available receptors or the reactive dopamine increase
has been insufficient. This might justify a trial of levodopa in order to in-
crease dopamine production. Whether levodopa actually increases available
dopamine in neuroleptic-treated patients is unknown. In reserpinized rodents
[149], it does not reverse locomotor changes that are due to catecholamine
depletion.

Several reports have been published concerning both the mental and the
motoric effects of levodopa in neuroleptic-treated psychiatric patients. As with
other treatment aspects of DIP, the published results are contradictory both
for the psychiatric and for the parkinsonian aspects.

In a nonblinded study [150] comparing single intravenous boluses of lev-
odopa given at 2 mg per kg over 5 minutes to placebo in treating DIP, all 40
patients improved in terms of akinesia and rigidity, with tremor being the
least responsive. The mildest cases of DIP responded best. Men and women
responded equally, but the patients taking chlorpromazine benefited more
than those taking haloperidol. Improvement began within 5 to 20 minutes.
The maximum effect occurred between 1 and 2 hours and was lost by 3 hours.
Psychiatrically, there was a “trend toward euphoria.’’ There was no response
to the placebo. Angrist et al. [151] reported behavioral worsening in 10 of 10
schizophrenics treated with 3–6 gm of levodopa, possibly because they had
discontinued ongoing neuroleptic therapy.

Twenty patients taking neuroleptics and “standard’’ antiparkinson medica-
tion for observed extrapyramidal syndromes were taken off their antiparkin-
son drugs and then placed on increasing doses of levodopa [152]. Sixteen sub-
jects failed to tolerate removal of their antiparkinson medications and the four
who received levodopa (maximum daily doses 1400–2600 mg for 8–23 days)
all worsened psychiatrically without motor improvement. Resumption of the
previous medications resulted in improvement.

A study [153] involving 84 chronic schizophrenics given levodopa up to
1200 mg daily reported a moderate-to-marked improvement in the “negative’’
symptoms of the disease such as rapport, emotional blunting, and autism.
However, no comments were made on the response of DIP.

From a referred population of patients with disabling DIP, Hardie and Lees
[12] treated 15 patients (5 maintained on neuroleptics and 10 withdrawn from
them) with levodopa plus benserazide in doses of 300–1000 mg of levodopa.
Seven had a moderate (41–75%) and two had a complete response to levodopa
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while the rest had no (<20%) or slight (20–40%) benefit. However, this was
a highly selected population referred to a movement disorders clinic. These
patients had been on anticholinergics and therefore may have been referred
precisely because they were unresponsive to typical antiparkinson medica-
tions. Thus, they may have constituted a refractory population.

Other levodopa studies in small populations have also produced conflict-
ing results. While some investigators have found it extremely effective in the
management of young patients with severe, disabling DIP persisting after neu-
roleptic withdrawal (A. Lang, personal communication), it would seem that
there is a limited role for levodopa in the routine treatment of DIP. It appears
to be ineffective in most cases where anticholinergics fail and possibly less
effective than anticholinergics in cases where the latter work. The reports of
levodopa’s beneficial effects on psychiatric symptoms are counterbalanced by
negative reports. It is, therefore, not recommended for treatment of typical
DIP.

Electroconvulsive therapy (ECT)
ECT has been helpful in IPD for treating depression and paranoid psychosis
and has been reported to ameliorate the motoric features as well. In two stud-
ies, ECT [154, 155] was used to treat “on-off’’ clinical fluctuations in subjects
who had no psychiatric problems and was found to improve parkinsonism
for periods of time lasting from hours to several weeks. Moellentine et al.
[156] described improved motor functioning in 14 of 25 parkinsonian patients
receiving ECT for psychiatric purposes. Moreover, several reports have de-
scribed motor improvement with maintenance (repeated) ECT specifically for
IPD [157, 158].

Isolated case reports have documented similar effects in DIP but few
prospective studies have been performed. One study [159] found that bilat-
eral ECT given at the rate of three shocks weekly progressively improved
parkinsonism beginning within the first week and continuing until therapy
was concluded, after which the DIP began to worsen again. By the end of the
second week post-ECT, the DIP was still improved compared to baseline, but
anticholinergics had been increased, making interpretation difficult. In a sepa-
rate series, 35 schizophrenics receiving treatment with both neuroleptics and
ECT were examined for EPS signs and found to have no evidence of DIP [160].
This finding led the investigators to speculate that ECT may protect against
DIP.

ECT’s effect on parkinsonism may influence a decision on whether or not
to use ECT for psychiatric purposes. For example, depressed patients with
DIP unresponsive to anticholinergics might benefit from ECT for treatment of
both problems. However, negative aspects of ECT also need to be kept in mind
since they can offset the benefits. In the elderly especially, transient delirium
and memory dysfunction may occur. There has been one case report of ECT
worsening DIP and dystonia [161]. The duration of the antiparkinson effect is
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measured in days to weeks, so the potential motor benefit should be considered
only secondarily.

How ECT works in ameliorating parkinsonism is unknown but it appears
to be independent of improvement in mood and thinking ability. In animal
models, ECT has been shown to enhance dopaminergic transmission and the
sensitivity of dopamine receptors, but its biochemical effects are so manifold
that a definitive explanation for its antiparkinson action is lacking.

Other treatments
Other treatments for DIP have been tried without much success. A 1993 study
of propranolol in DIP [162] showed no benefit over placebo. Spivak et al. [163]
reported improvement of EPS symptoms in refractory schizophrenic patients
treated with clozapine. However, the patients had previously been on neu-
roleptics and underwent a washout period of only 2 weeks. Thus, the improve-
ment in DIP and other EPS signs was likely due more to the discontinuation
of neuroleptic therapy than to the addition of clozapine [164].

Management of coexistent DIP and TD
Management of these coexistent conditions is extremely difficult and is usu-
ally quite unsatisfactory. In a double-blind, placebo-controlled study [165],
both amantadine and trihexiphenidyl worsened TD as they improved DIP. De-
Fraites et al. [166] demonstrated in a single patient that benztropine improved
DIP and worsened TD, while physostigmine, a centrally acting muscarinic
agent, did the opposite. Aggravation of dyskinesias was dose-limiting in two
patients whose DIP was treated with 1000 mg of levodopa and benserazide,
while there was no mention of change in TD in another six patients treated
with 300–1000 mg [12].

Fahn and Mayeux [167] argued that dopamine-depleting drugs such as reser-
pine and alpha-methyltyrosine ameliorate TD without worsening parkinson-
ism. Jankovic and Casabona [168] reported beneficial response of the combined
syndromes to catecholamine-depleting agents and levodopa. Their patients
had all been off neuroleptics for at least 6 months. Treatment of these patients
depends on a careful analysis of each symptom’s contribution to disability:
the DIP, the various features of the TD, and the underlying psychiatric illness.
One is then faced with balancing potential benefit with complications of drug
intervention. Ideally, prolonged neuroleptic withdrawal may allow both DIP
and TD to resolve, but this may not be feasible. There may be a role for ECT
in the management of difficult or refractory cases. Amantadine may improve
parkinsonism while exerting its purported antiglutaminergic effect, thereby
improving dyskinesias as well. However, reports on amantadine improving
TD are lacking.

Prophylaxis
The issue of whether patients started on a neuroleptic should be treated simul-
taneously with an antiparkinsonian drug is controversial. On one hand, these
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drugs do reduce the risk of extrapyramidal adverse reactions, but the trade-off
is the potential for other adverse effects. The introduction of AAs has made
this debate almost irrelevant.

Several studies, both prospective and retrospective, have supported the use
of prophylactic treatment for DIP [50, 169, 170]. These studies showed that
significantly fewer patients receiving prophylaxis developed DIP compared
to patients not treated with prophylaxis. In each study, however, a number of
the prophylactically treated patients still developed DIP. There have been few
studies showing negative results of prophylaxis.

The issue of whether and when to stop antiparkinson medications has been
even more unclear. Studies have offered conflicting results: some showed the
discontinuation of antiparkinson drugs to be well tolerated in most patients
[12, 32, 152, 171–173] while others showed that parkinsonian signs frequently
worsened [174–177].

Many patients do not need antiparkinson medications at all and fewer need
them for the long term. DIP should be treated only when the patient is truly
symptomatic, using either anticholinergic medications or amantadine, moni-
toring both for adverse and beneficial effects. Patients who fail to respond to
a trial of one drug should have a second added (anticholinergic plus amanta-
dine). If no benefit ensues, the antiparkinson medication should be stopped. It
is recommended that a slow taper of antiparkinson medications be attempted
after 3 months and periodically thereafter, whether the patient is parkinsonian
or not. Should existing parkinsonism worsen or symptomatic DIP ensue, the
medications should be restarted. Studies indicate that if DIP recurs on stopping
an antiparkinson drug, restarting it should control the DIP.

Future trends

The first edition of this book looked to the development of “a future class of
drugs that do not induce EPS. Hopefully these drugs will be less toxic than
clozapine.’’ Since that writing, we have made great progress toward that goal,
though its actualization remains elusive. Increasing use of AAs has signifi-
cantly decreased the incidence of DIP, and these drugs offer patients improved
efficacy with less risk of extrapyramidal side effects. Ten years ago we lamented
the lack of treatment for the “negative symptoms’’ of schizophrenia, but we
now have drugs that begin to address these problems. However, the devel-
opment of even safer, more efficacious antipsychotic medications that do not
induce prominent side effects clearly remains the next step in psychophar-
macology. The development of clozapine reveals that antipsychotics do not
need to induce extrapyramidal side effects, and the development of a nontoxic
clozapine-like drug remains the goal.

Many research questions of interest remain. For example, an obvious ques-
tion, not yet answered, is whether DIP from one drug predicts DIP on another,
either of the same class or of another class. Does the presence of an active non-
basal ganglia brain disease such as Alzheimer’s or another dementing illness
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predispose one to DIP? Is the development of DIP on an AA predictive of the
later development of IPD? Do different ethnic groups have a different sensitiv-
ity to neuroleptics? Is the presence or absence of DIP predictive of the likelihood
of later development of tardive dyskinesia? One interesting observation has
been the virtual freedom from acute dystonic reactions of olanzapine despite
its ability to induce parkinsonism. This is the first drug known to have this
property and suggests new opportunities for further investigation of atypical
antipsychotics and their role in DIP and other EPS syndromes.
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CHAPTER 7

Acute drug-induced akathisia

Lenard A. Adler, John Rotrosen, and Burt Angrist

Introduction

Akathisia literally means “inability to remain seated.’’ Patients with acute
drug-induced akathisia (DIA) have complaints of restlessness, most often refer-
able to the legs, and usually show movements such as constant motion of the
legs when seated, inability to remain seated, and rocking from foot to foot or
marching in place when standing. This discussion will focus on acute akathisia,
the most typical form encountered. Other akathisia variants, such as chronic
akathisia and pseudoakathisia, are covered more extensively in Chapter 10.
This chapter will review (1) the history of spontaneously occurring syndromes
of restlessness and acute DIA, (2) the clinical significance of acute DIA (3) dif-
ferential diagnosis of DIA, (4) epidemiology of DIA, (5) quantification of DIA,
(6) the possible role of iron in DIA, (7) animal models, (8) treatment of DIA,
and (9) comments on pathophysiology.

History

Syndromes of spontaneously occurring restlessness were identified long be-
fore the introduction of neuroleptic medications. The earliest descriptions were
in the 1600s [1], with reports in the 1800s attributing the restlessness to neuras-
thenia or hysteria [2].

The term akathisia, from Greek derivation (kathisia – “the act of sitting’’ and
a – “negative prefix’’), was first used by Haskovec in 1902 [3], who also felt
that the syndrome derived from psychological causes. Two reports in 1923
were the first to attribute akathisia to extrapyramidal disease. Bing [4] noted
the condition in patients with encephalitis lethargica (Von Economo’s disease)
and recognized that Haskovec’s “akathisia’’ was a symptom of extrapyrami-
dal dysfunction; moreover, he speculated that Haskovec’s patients may also
have been victims of a prior encephalitis epidemic known as the “Nona’’ [5].
Sicard also described akathisia in patients with idiopathic and postencephalitic
Parkinson’s disease [6].

Ekbom described an idiopathic disorder, restless leg syndrome (RLS), which
was similar to akathisia with subjective complaints of restlessness in the legs
and associated movements [7, 8]. He stressed the disturbing nature of the
symptoms with vivid descriptions given by patients, such as “it is something
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crawling, irritating, unpleasant, deep in the tissues,’’ or “it feels as if ants were
running up and down in my bones.’’ RLS, although qualitatively quite similar
to akathisia, differs in that patients with RLS have symptoms predominantly
in the evening and when at rest [9, 10].

The first report of drug-induced akathisia was by Sigwald in 1947, who
reported this syndrome prior to the introduction of neuroleptics in patients
treated with promethazine [11]. With the introduction of neuroleptics, there
was an increasing number of reports of syndromes of restlessness associ-
ated with these agents, which the investigators also termed akathisia [12,
13]. More recently (see below) akathisia has been reported after the admin-
istration of both serotonin reuptake-inhibiting antidepressants and atypical
antipsychotics. For those interested, a more detailed history of akathisia was
published in 1995 [14].

Clinic significance of acute neuroleptic-induced
akathisia (NIA)

Signs and symptoms
The akathisia syndrome is composed of both subjective complaints of restless-
ness and objective movements. Subjective complaints include a sense of inner
restlessness, most often referable to the legs, a compulsion to move one’s legs,
dysphoria, and anxiety [9, 15, 16].

The diagnosis of akathisia may be difficult in patients with the mild form
of the syndrome, who exhibit only subjective complaints, without showing
movements [15, 17, 18]. Objectively observable movements almost always ac-
company subjective restlessness in moderate and severe cases. These move-
ments include rocking from foot to foot, “walking on the spot,’’ swinging of
the legs, leg shuffling, pacing, or in its most severe form, tasikinesia, an in-
ability to maintain any position [9, 15, 18–20]. The restlessness and accompa-
nying movements are typically bilateral and relatively symmetrical although
recently, cases of unilateral akathisia have also been reported [21].

The subjective distress of akathisia is significant in that it can lead to de-
creased compliance with treatment or a worsening of psychosis. Van Putten
[22], in a study of 85 patients on neuroleptics, found that akathisia was signif-
icantly more prevalent in patients who refused medication versus those who
were compliant with neuroleptics.

The powerful effect akathisia can have in exacerbating psychopathology de-
serves particular emphasis. Van Putten et al. [23] coined the term phenothiazine-
induced decompensation to refer to an increase in psychosis associated with
akathisia. They found that such decompensations were similar to the origi-
nal psychosis and that “thought processes became disorganized, secondary
symptoms recurred, quality of contact deteriorated, and many complained of
an abject fear or terror that was difficult to articulate’’ [23]. Conversely, when
these patients were treated acutely with I.M. biperiden a 35% decrement in
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psychopathology scores was seen within 2 hours [23]. A similar study by our
group showed a greater than 20% decrease in psychopathology 2 hours af-
ter treatment with either I.M. benztropine or oral propranolol [24]. In these
two studies, the magnitude of symptom improvement that occurred within 2
hours after treatment of akathisia was in the range frequently seen in patients
over the course of an entire hospitalization. Finally, the syndrome can be so
distressing that it has been associated with aggressive behavior and violence
[25–27] or suicide attempts [27–31].

Differential diagnosis

As mentioned above, akathisia was originally felt to be secondary to psycho-
logical causes. A variety of psychological diagnoses should still be considered
in the differential diagnosis of NIA. Restless leg syndrome and other movement
disorders (such as chronic akathisia, pseudoakathisia, and tardive dyskinesia)
can also be difficult to distinguish from acute DIA.

Agitation seen with other psychiatric disorders
Agitation associated with major depression, mania, or psychosis may result in
significant restlessness or agitated pacing similar to that seen with akathisia.
If these patients are receiving neuroleptics, it may not be possible to distin-
guish these symptoms from akathisia. A pattern of worsening of agitation
with increasing neuroleptics may particularly alert the clinician to Van Putten’s
“phenothiazine-induced decompensation’’[23]. In such cases, treatment of sus-
pected akathisia is warranted.

Patients with generalized anxiety disorder may be restless and can pace.
Akathisia may be differentiated from generalized anxiety in that in akathisia
there is a compulsion to move and the feelings are often described as “driven’’
or “unnatural’’ [16, 32]; however, not all patients can articulate such “fine’’ dis-
tinctions. Treatment response may again help differentiate these conditions.
Adler et al. [33]. found that in patients with akathisia the benzodiazepine
lorazepam improved subjective complaints of restlessness, but not objective
movements, while both elements of the syndrome were improved by propra-
nolol. Conversely, one study found that propranolol improved both the sub-
jective restlessness and objective movements of akathisia without significantly
affecting Hamilton Anxiety Scale ratings [34].

Drug withdrawal states
Restlessness, painful sensations in the legs, and leg movements are common
symptoms of opiate withdrawal which, in fact, led to the expression “kicking
the habit’’ [35]. Similarities between opiate withdrawal and akathisia also ex-
tend to agents used to treat these conditions. The α2 agonist, clonidine, has
been found to improve both opiate withdrawal [36] and akathisia [37, 38].
Additionally, low doses of the β-blocker, propranolol, have been reported to
improve the restlessness of both conditions [33, 34, 39–43].
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Other movement disorders
Restless leg syndrome (RLS)
As mentioned above, patients with RLS complain of uncomfortable sensory
phenomena in the legs more consistently than patients with DIA. Myoclonic
jerks (a.k.a. “dyskinesia while awake’’) are also more frequent in RLS. In this
disorder, symptoms are more prominent in the evening or at night when
attempting to fall asleep and usually lead to insomnia. On the other hand,
akathisia does not occur more frequently at any particular time of day. It is not
necessarily worsened by lying down and, indeed, many DIA patients find this
to be their most comfortable position [44].

Chronic akathisia (see Chapter 10)
Chronic akathisia (or tardive akathisia) occurs late in the course of treatment;
this differs from acute akathisia, which is an early side effect. Both forms of the
syndrome have subjective complaints of restlessness along with objectively
observable movements. Barnes and Braude [45] defined chronic akathisia as
occurring more than 6 months after initiation of, or increase in the dose of,
neuroleptics.

Chronic akathisia may be more difficult to treat than acute akathisia [46].
The chronic form may also behave like tardive dyskinesia. Jeste and Wyatt [47]
noted that in some patients chronic akathisia “has pharmacological character-
istics similar to those of other manifestations of tardive dyskinesia.’’ Braude
and Barnes [48] reported two patients with chronic akathisia. The akathisia was
more pharmacologically similar to tardive dyskinesia than acute akathisia, in
that it (1) improved by increasing the dose of neuroleptic, (2) worsened by
reduction of the available dose of neuroleptic, and (3) was unresponsive to
anticholinergics.

Pseudoakathisia and tardive dyskinesia
Patients with pseudoakathisia have movements seen in akathisia, without sub-
jective complaints of restlessness. The importance of establishing a differential
between acute akathisia and pseudoakathisia is that it has been hypothesized
that acute akathisia, chronic akathisia, pseudoakathisia, and tardive dyski-
nesia may be points in a continuum [48–52]. This supposition is based upon
several studies finding a relationship between pseudoakathisia and dyskinetic
movements. Munetz and Cornes [50] studied 45 patients with tardive dyski-
nesia; they found that 21 patients had acute akathisia at some prior time and
that 11 of these 21 patients had pseudoakathisia at the time of the examina-
tion. Barnes and Braude [45] studied 39 patients receiving depot neuroleptics
who also had akathisia. They divided the patients according to whether they
had acute akathisia, chronic akathisia, or pseudoakathisia. None of the patients
with acute akathisia had tardive dyskinesia, while over one-half of the patients
with chronic akathisia or pseudoakathisia also had dyskinesias.

Munetz [52] suggested “in distinguishing akathisia from tardive dyskinesia,
one tries to determine whether the patient is restless and is therefore moving
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(akathisia) or moving and therefore restless (tardive dyskinesia).’’ However,
in practice, the differentiation of acute akathisia from some of the movements
seen in patients with tardive dyskinesia and the akathisia variants is often
difficult, if not at times impossible, especially when the conditions coexist.

Epidemiology of acute DIA

General consideration
Akathisia can develop very rapidly after initiating neuroleptics or increas-
ing their dose and this is true for other dopamine antagonists not primarily
used as antipsychotics, SSRIs, or atypical antipsychotics. Barnes et al. [53] have
reported akathisia developing within an hour of receiving preoperative med-
ication with droperidol and metoclopramide. The development of akathisia
also appears to be dose dependent. Ayd [54] surveyed 3775 patients receiving
neuroleptics and found that patients started on higher doses of neuroleptics
were more likely to develop akathisia than patients started on lower doses.
Braude et al. [19] prospectively studied the development of akathisia in 109
inpatients followed over 23 days and also found a relationship to dosage. Fre-
quently, it can take several weeks for akathisia to develop [15]. Acute akathisia
tends to persist, although it fluctuates in intensity, over time [9]. Although ex-
tremely infrequent, akathisia has been reported to persist after discontinuation
of neuroleptics [55, 56].

Prevalence of acute akathisia after neuroleptics, atypical
antipsychotics, and serotonin reuptake inhibitors
Neuroleptics
The reported prevalence of akathisia in patients receiving neuroleptics varies
widely. Lower estimates of prevalence, ranging from 3% to 13% [57–59], were
found in earlier studies [15]. More recent investigations have found higher
prevalences. Gibb and Lees [15] and Van Putten [16] found figures in the 40%
to 45% range. More recently, Van Putten et al. [60] studied 32 schizophrenics,
who were off neuroleptics and then treated with haloperidol 10 mg per day for
7 days and found a 75% incidence of akathisia. The most common estimate of
prevalence is 20% [17, 19, 54]. Several factors may account for this wide vari-
ability in prevalence [42]. These include (1) a lack of recognition of akathisia
[61], (2) the fact that some investigators exclude patients with only subjective
complaints of restlessness, without objective motor movements (as may exist
in mild forms of akathisia), and (3) the degree to which high- versus low-
potency neuroleptics are used. Although all neuroleptics can cause akathisia,
the syndrome occurs more frequently with higher-potency agents [54, 62]. This
may, in part, be due to use of nonequivalent doses. Haloperidol, for example
was, in the past, frequently raised in 10 mg per day increments. Chlorpro-
mazine, in contrast, is almost never increased at the therapeutically equivalent
rate of 500 mg per day because of concerns about causing orthostasis. Thus, the
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antiadrenergic effects of low-potency agents may, in fact, have forced clinicians
to “titrate’’ these drugs more slowly.

Atypical antipsychotics
With the advent of atypical agents the prevalence of akathisia has clearly di-
minished, but the symptom has certainly not disappeared. The extrapyramidal
symptoms (EPS) caused by risperidone are clearly dose related. In two studies
of risperidone for schizophrenia that used doses that are somewhat high by
current standards, akathisia was noted in 32% and 24% of patients [63, 64].
On the other hand, two larger studies that explored dose ranges of 2–16 mg
per day found that akathisia rates did not differ from those seen after placebo
[65, 66]. A study in patients receiving risperidone for at least 3 months (thus
avoiding carry-over effects of prior treatment) in which the mean dose used
was 4.7 ± 2.1 mg per day found a prevalence of akathisia of 13% [67]. For
olanzapine two larger pivotal studies [68, 69] noted low, dose-related rates of
akathisia ranging from 0% to 7.2% compared to 15.9% and 14.8%, respectively,
in patients randomized to haloperidol. A study in first-episode schizophrenic
patients found akathisia in just over 11% of olanzapine-treated patients versus
38% of patients who received haloperidol [70].

A pivotal study [71] of quetiapine found a low prevalence of akathisia of
0–2% across a dose range of 75–750 mg per day versus 8% and 15% for pa-
tients randomized to placebo and haloperidol, respectively. A low liability for
inducing akathisia for quetiapine is further suggested by a 3.3% prevalence
even in patients over 65 years old [72]. In most studies clozapine has been
associated with low prevalence rates of akathisia ranging from 5.6% to 7.7%
[73–76]. One study, however, noted akathisia in 39% of patients who had taken
clozapine for over a month [77].

Serotonin reuptake inhibitors
Fluoxetine was marketed in 1988; however, prior to that, compassionate pre-
marketing use of the drug was permitted at McLean Hospital. In the course of
this use Lipinski et al. described five patients who developed akathisia indis-
tinguishable from neuroleptic-induced akathisia [78]. Based on the number of
patients who received the drug, the incidence of fluoxetine-induced akathisia
was estimated to be between 9.8% and 25%. Reports of akathisia due to ser-
traline [79–82] and paroxetine [83] were published between 1993 and 1995.
The incidence could not be calculated from these reports, since the number
of patients who had received these agents was unknown. In 1996, however,
Baldasano et al. [84] reported three more cases of paroxetine-induced akathisia
among 67 patients treated with the drug, an incidence of 4%. A single case of
akathisia induced by nefazodone has also been noted [85]. Thus it is clear that
SSRI-induced akathisia occurs, but probably much less frequently than is seen
with classical neuroleptics.

In 1990, Teicher et al. described six patients who developed suicidal preoc-
cupation during fluoxetine treatment [86]. Others also noted suicidality in the
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context of fluoxetine-induced akathisia [87, 88] and a review of this subject
appeared in 1992 [89]. This led to an intense controversy. Ayd [90] noted that

if there is an association between akathisia and suicide, suicidal attempts,
and suicidal or homicidal ideation, it must be exceedingly rare. The es-
timated incidence of akathisia ranges from 20% to 45%, which translates
into an estimated 160 to 360 million people who have had akathisia since
1952. Yet, of these only two are suspected to have committed suicide be-
cause of akathisia, only two are thought to have made suicidal attempts
because of akathisia, and only one may have had akathisia-induced suici-
dal or homicidal ideation.

In view of the high annual incidence of suicide, suicidal attempts, and
suicidal or homicidal ideation, it is far more likely that the five reported
cases are a coincidence and not causally linked to akathisia.

In July 1991, in the context of this controversy the American College of
Neuropsychopharmacology established a Task Force to study possible rela-
tionships between suicidal behavior and psychotropic medications. Fluoxetine
was found to decrease the rate of attempted suicide below that which would
statistically be expected. Premarketing studies of fluoxetine, sertraline, and
paroxetine, in which the index drug was compared to both placebo and an
established antidepressant, all showed rates of suicidal ideation or behavior
that were equal to or less than that seen with placebo treatment [91].

In Lipinski’s initial report [78] the substrate mechanism of SSRI-induced
akathisia was, based on clinical and preclinical studies [92, 93], proposed to
increase serotonergic inhibition of dopaminergic functioning. This concept has
since been confirmed in studies in which endogenous dopamine release was
directly quantified with both PET imaging and microdialysis; basal dopamine
release was shown to be diminished by citolopram and increased by 5-HT2

receptor antagonists [94].

Quantification of DIA

Rating scales
At least 11 scales have been designed to evaluate akathisia. Lipinski et al.
[40, 41] have used the akathisia item from the Chouinard Extrapyramidal
Symptom Rating Scale (ESRS) [95]. Subjective complaints are rated 0 to 3
(“none’’ to “severe’’). Objective movements are rated 0 to 6 (O = “none’’; 1 =
“looks restless, nervous, impatient, uncomfortable’’; 2 = “needs to move at
least one extremity’’; 3 = “often needs to move one extremity or to change
position’’; 4 = “moves one extremity almost constantly if sitting or stamps feet
while standing’’; 5 = “unable to sit down for more than a short period of time’’;
6 = “moves or walks constantly’’).

Bartels et al. [96] used a 3-point scale based on subjective and objective
measures. Kabes et al. [97] used a global score of “0’’ (none) to “3’’ (unable to
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sit) for a study of piracetam in NIA. Friis et al. [98] devised a 4-point scale of
subjective and objective measures to assess effects of biperiden and sodium
valproate in neuroleptic-induced EPS.

Adler et al. [33, 34, 42] have measured objective movements with
the akathisia item from the Hillside/Long Island Jewish modification of
the Simpson-Angus Extrapyramidal Symptom (EPS) Scale. Movements of
akathisia are rated 0 to 4 (0 = absent; 1 = mild; occasional restlessness observed
during exam; 2 = moderate; continuous restlessness observed; 3 = marked;
subject in and out of chair during exam; unable to maintain concentration; and
4 = extreme; heightened activity; panic). Subjective complaints of restlessness
were assessed by having the patient mark a 100-mm line with anchor points,
relating to the frequency of restlessness and degree of distress (0 = none; 20 =
sometimes, a little; 40 = most of the time, a little; 60 = all of the time, sometimes
annoying; 80 = all of the time, always very annoying; and 100 = can’t stand it
anymore).

Braude et al. [19] developed a 23-item rating scale. Subjective complaints
were assessed by four items (limb sensations, inner restlessness, inability to
remain still, and inability to keep legs still). Objective movements were rated
0 (absent) to 3 (continuous movement) with the patient in three positions
(seated, standing, and lying). These authors found that this scale was able
to distinguish akathisia from “illness-related movements’’ (secondary to
psychopathology).

These authors have subsequently condensed the critical items from this 23-
item scale into a 4-item scale now generally known as the Barnes akathisia
scale [20]. Patients are observed for at least 2 minutes in three situations: when
they do not know they are being observed and during formal interview, both
seated and standing. Objective movements are rated 0 to 3 based upon their
frequency (e.g., more or less than one-half the time) and severity. Subjective
complaints are divided into awareness and distress subsets, each rated 0 to
3. A global assessment of akathisia is scored 0 (“absent’’) to 5 (“severe’’); the
global rating includes assessments of the awareness of, and distress from,
subjective complaints and the severity and frequency of objective movements.
High interater reliability has been demonstrated for this instrument. Moreover,
it is fairly easy to administer. These features have made this the most frequently
used instrument for rating akathisia at this time.

The Hillside akathisia scale [99] by Fleischhacker and colleagues rates pa-
tients while sitting, standing, and lying down. Subjective complaints are di-
vided into two subsets, the sensation of inner restlessness and the urge to
move, each rated 0 (“absent’’) to 4 (“present and not controllable’’). Objective
movements are assessed separately in the head and trunk, hands and arms,
and feet and legs; they are rated 0 to 4 (0 = “no akathisia’’; 1 = “questionable’’;
2 = “small amplitude movements, part of the time’’; 3 = “small amplitude
movements, all of the time or large amplitude movements, part of the time’’;
4 = “large amplitude movements, all of the time’’). There is also a clinical global
impression item, which asks the rater to score the severity of akathisia, based
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on their experience with patients with akathisia, on a 1 (“normal, not at all
akathisic’’) to 7 (“among the most akathisic of patients’’) scale.

The Hillside scale’s inclusion of ratings of movements in the head/trunk
and hands/arms, in addition to those in the lower extremity, constitutes a
double-edged sword. Two systematic studies of patients with akathisia have
found that movements of the lower extremities (e.g., rocking from foot to foot,
pacing, leg waggling, etc.) are more specific for the akathisia syndrome and
help differentiate it from other syndromes [15, 19]. Although akathisia may
cause movements of other body areas, by including ratings of movements in
the head/trunk and upper extremity, the Hillside scale might be more sensitive
(by missing fewer cases since it includes movements of these other areas),
but less specific than the other scales. Nonetheless, it is one of only three
instruments (the other two being the Barnes and the Prince Henry Hospital
Scales) for which reliability has been demonstrated.

The Yale Extrapyramidal Symptom Scale [100] was designed to measure
parkinsonism and dystonia as well as akathisia. For the latter objective and
subjective symptoms are graded from 0 to 5 based on descriptive clinical an-
chor points. A final instrument, the Prince Henry Hospital Akathisia Rating
Scale was developed in 1994. Its development, biometrics, and reliability were
reported in detail [101]. It appears to be “user friendly’’ to administer and may
ultimately rival the Barnes scale [20].

Objective measures of akathisia
Objective measures of akathisia via electromechanical devices or the elec-
tromyogram (EMG) have been explored since the 1980s. Our group made an
early, somewhat crude attempt in this area via the use of a commercially avail-
able running shoe with a built-in sensor that measured the number of impacts
per unit of time [102]. About half the patients in the study of a β-2 selective
antagonist had decreases in the number of impacts that paralleled decreases
in akathisia ratings. Ratings did not correlate for those patients who did not
actually pace. Therefore, activity monitors are more useful for the study of
akathisia than the running shoe, as the latter will only measure restlessness
in those patients who pace (and not in those who move their legs continually
when seated or rock from foot to foot while standing).

More sophisticated measures include accellerometric devices or direct EMG
measures. The first such study by Braude et al. [103] identified large, low-
frequency, rhythmic foot movements in patients with akathisia. Similar find-
ings have been reported by two subsequent groups [104, 105]. Moreover, a sim-
ilar pattern has been noted in four reports using more invasive EMG methods
[106–109]. In the last of these reports the presence of akathisia was determined
by two clinicians via Barnes Akathisia Scale ratings in 25 patients. The presence
of the EMG marker in patients with and without akathisia permitted calcula-
tion of the sensitivity and specificity of the EMG pattern as an objective marker
for akathisia. Sensitivity was found to be 69% and specificity 70% [109].
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The identification of an objective “signature’’ of akathisia could be valuable
in a number of clinical situations. Is anxious dysphoria after starting a neu-
roleptic an early sign of akathisia? In patients with agitation or known tardive
dyskinesia is a component of the activation due to akathisia and should a trial
of treatments be undertaken? Finally, since as noted above, akathisia has such
a powerful effect on increasing psychopathology, is a patient who shows any
restlessness truly at his “baseline’’? If akathisia is present we suspect that this
is unlikely.

The possible role of iron

An association between Restless Leg Syndrome and low serum iron was noted
by Ekbom as early as 1960 [8]. This raised the question of whether this might
also be the case in NIA [110, 111]. The first study of iron status in patients
with NIA reported decreased iron and percentage saturation and increased
iron-binding capacity in patients with akathisia versus a matched group of
patients who took neuroleptics without developing NIA. Serum iron levels
also correlated inversely with severity of akathisia in the akathisic group [112].
Two subsequent studies [113, 114] showed lower serum iron levels in patients
with akathisia than those without the disorder while a third [115] showed no
difference in iron levels but lower levels of ferritin in patients with akathisia.
Yet another study showed a highly significant negative correlation between
transferrin levels and akathisia scores after 2–3 weeks of neuroleptic treatment
[116].

However, four studies have found no differences in iron-related indices be-
tween patients with and without akathisia [117–120]. Thus the role of iron defi-
ciency as a contributing factor to NIA remains unresolved and controversial.

Finally, after improvement in akathisia was noted during a course of treat-
ment of iron-deficiency anemia in one patient, one group treated two addi-
tional patients who were not iron deficient with iron and noted resolution of
akathisia over the next 4–10 weeks [121].

A review of the above studies led Gold and Lenox [122] to conclude that “the
rationale for iron supplementation in the treatment of akathisia is relatively
weak’’ and to caution that “uncontrolled iron ingestion is not without toxic
effects. Prolonged unnecessary dietary iron supplementation can eventually
overwhelm regulatory mechanisms and lead to secondary hemochromatosis
and hemosiderosis with end organ damage.’’

Animal models of akathisia

Akathisia clearly has both subjective and objectively observable components.
Attempts have been made to model both.

To develop an animal model of a subjective state, which many patients find
difficult to describe, is certainly challenging. Sachdev and colleagues noted
that, in the rat, increased defecation in a well-habituated environment has
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been proposed as an index of emotional distress [123]. This easily quantifiable
index had been shown to increase with stress and disturbing stimuli including
haloperidol administration [124]. Exploring this behavior as a possible index of
neuroleptic-induced dysphoria or akathisia Sachdev and colleagues showed
[125] that (1) haloperidol-induced defecation was dose dependent, (2) it was
centrally mediated, (3) it was probably not secondary to catalepsy, (4) it is not
specific to blockade of D1 versus D2 receptors, rather the two subtypes have
synergistic effects, and (5) haloperidol-induced defecation is antagonized by
lipophilic, but not hydrophilic β-blockers, consistent with known effects in
human akathisia. The effects of other treatments for akathisia, however, such
as anticholinergics and serotonin antagonists, could not be studied because
peripheral effects on the gut would confound interpretation of any changes
seen [125]. These findings make this behavior the most extensively studied of
the animal models of akathisia.

Other attempts to model akathisia have focused on the objectively observ-
able component of restlessness/hyperactivity. The models utilized include:

1. Ventral tegmental area (VTA) or medial prefrontal cortex lesions in the rat. Such
lesions induce a syndrome of hyperactivity and increased locomotion, which,
however, differs from akathisia in that the behavior is associated with diffi-
culty in suppressing previously learned responses, decreased attention span,
reduced fear reactions, reduced defecation, and decreased effects of punish-
ment in avoidance conditioning [125]. The neurobiology of this model has
been studied in detail and its substrate appears to be selectively decreased
dopaminergic function, particularly of the mesocortical system. The increased
locomotion correlates with decrease of dopamine levels in the frontal cortex
(more closely than the decreases in the nucleus accumbens, which also occur
after VTA lesions) and is replicated by a 6-hydroxy-dopamine lesion to the
medial prefrontal cortex. Finally, the syndrome is reversed by administration
of amphetamine and apomorphine. These features have led some to question
whether animals with such lesions may, in fact, model human Attention Deficit
Hyperactivity Disorder.

2. Restlessness induced by fluoxetine in the rat. Reports of akathisia after the in-
troduction of flouoxetine led Teicher and colleagues [126] to study the motor ef-
fects of fluoxetine in fine detail using an infrared motion analysis system. Find-
ings were compared with those after low-dose amphetamine. Amphetamine
led to activation (less time spent immobile) and increased locomotion. Fluox-
etine led to less time spent immobile, but without increased coordinated loco-
motion; the animals spent more time in the same vicinity constantly changing
position [126]. Large doses of fluoxetine were required to produce this effect
but, because of the rapidity of fluoxetine metabolism in the rat, these doses
resulted in acute plasma levels similar to those that accumulate in humans
during chronic treatment [126]. The effects of drugs used to treat akathisia in
patients have not been studied in this model, to date.

3. Neuroleptic-induced hyperkinesia in dogs. In a study in which haloperidol
and clozapine were administered to dogs on a complex, operant schedule,
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the effects of the drugs could be differentiated. Haloperidol produced greater
stereotypical scratching, licking, rotating, and persistent walking [127]. The
effects of drugs used to treat akathisia have not been studied in this model.

4. Neuroleptic-induced restlessness in nonhuman primates. In a study intended
to model tardive dyskinesia, monkeys received chronic biweekly injections
of depot fluphenazine. Dystonia, parkinsonian symptoms, and restlessness
occurred after each injection [128].

In another study of acute and chronic effects of selective dopamine antag-
onists, motor restlessness and extrapyramidal reactions were noted. These
diminished with chronic administration of D1 but not D2 antagonists [129].

This section is a much abbreviated, paraphrased version of a more extensive
and thoughtful review of this subject [125] to which the interested reader is
enthusiastically referred.

Treatment of DIA

Adjusting the dose of the causative medication or treatment
with an alternative agent
In patients on classical neuroleptics the following strategies have been used
with some success: (1) reduction of neuroleptic dose [19] (often not feasible in
floridly psychotic patients) and (2) switching to a lower potency classical agent
[54]. However, since the availability of atypical antipsychotics, most clinicians
would choose to use one of those agents as a first response to akathisia in
patients treated with typical neuroleptics.

Pharmacological treatment of NIA
The agents that have been used to treat NIA include [42]: (1) antiparkinso-
nian agents, including anticholinergics and amantadine, (2) benzodiazepines,
(3) agents that affect noradrenergic function, such as β-blockers and clonidine
and (more recently), (4) serotonergic (5-HT) antagonists.

Antiparkinsonian agents
Antiparkinsonian medications are commonly used to treat akathisia. However,
there are few formal prospective studies of these agents in NIA. Many clinicians
feel that antiparkinsonian agents are only partially effective; their use is limited
by anticholinergic side effects [59, 62] or tolerance to the therapeutic effect of
amantadine [130].

Anticholinergics
There are many open-label studies of anticholinergic medications for drug-
induced parkinsonism, few of which specifically examined the effects on
akathisia. Kruse [131] treated 112 patients with extrapyramidal symptoms for
3 months each with the anticholinergics benztropine and procyclidine; nearly
equal numbers of patients had akathisia versus rigidity/tremor as their major
symptoms. He found that patients who had akathisia responded less well to
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the anticholinergics than those who had rigidity/tremor. (Response rates: (1)
benztropine/akathisia group – 21%; (2) rigidity and tremor group – 86%; (3)
procyclidine/akathisia group – 57%; (4) rigidity and tremor group – 81%.)

Neu et al. [132] compared the efficacy of single- versus multiple-dose sched-
ules of benztropine (4–6 mg/day) in 71 patients with drug-induced parkinson-
ism under double-blind conditions. They found that all of the patients with
akathisia had substantial improvement after benztropine treatment (regard-
less of dose schedule).

Van Putten et al. [23] administered double-blind test doses of the anticholin-
ergic agent biperiden (5 mg IM) and placebo to patients in whom the diagnosis
of akathisia was uncertain. Patients were considered to have akathisia if their
restlessness improved with biperiden, but not with placebo.

Van Putten and coworkers [60] examined the response of akathisia to open
treatment with anticholinergic medications (benztropine or trihexyphenidyl)
in patients receiving 1 week of treatment with 10 mg per day of thiothixene
(n = 37) or haloperidol (n = 32). In the thiothixene group, four patients had
a dysphoric reaction to the anticholinergics and were excluded, and 30 of the
remaining patients had a complete response of their NIA to anticholinergics. In
the haloperidol cohort, 14 patients had a complete remission after anticholin-
ergics. In this study, the investigators were screening for the development of
akathisia and therefore rapidly instituted treatment for NIA. Thus, it is not
clear what percentage of the patients would have also developed concomitant
parkinsonian EPS if anticholinergic treatment had not been initiated.

Friis et al. [98] performed a double-blind, crossover study examining 4 weeks
of treatment each with biperiden (6–18 mg/day), the anticonvulsant sodium
valproate, and placebo in 15 patients with NIA. Akathisia was rated on a 0 to
3 scale. Seventy-three percent of the patients responded to biperiden (mean
akathisia score decreased from 1.4 after placebo to 0.6 after biperiden); no
significant effects of sodium valproate or placebo were seen. It is of interest
that 11 of the 15 patients had concurrent parkinsonian EPS.

Braude et al. [19] found that only 6 of 20 patients had improvement in NIA
after open treatment with anticholinergics. Those patients who improved also
had significant parkinsonian EPS. They suggested that there may be two dis-
tinct types of akathisia, distinguished by associated parkinsonian EPS and
greater response to anticholinergics in this latter form. This may explain the
findings by (1) Kruse [131] of a low response rate to anticholinergics in patients
who had akathisia alone (vs. those who had parkinsonian EPS alone) and (2)
Friis et al. [98] of a high response rate to biperiden in patients with NIA, many
of whom had concomitant parkinsonian EPS.

Amantadine
Merrick and Schmitt [133] treated 11 patients with drug-induced parkinsonism
in a double-blind, crossover design study that compared 3 weeks of treatment
with amantadine (200 mg/day) to benztropine (2–4 mg/day). Substantial and
fairly equal improvements in NIA were seen with both medications.
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DiMascio et al. [134] compared amantadine (n = 13) and benztropine (n =
11) under double-blind conditions in patients with drug-induced EPS and NIA.
Comparable improvement in NIA occurred over 4 weeks of treatment with
both agents.

Stenson et al. [135] treated 11 patients with NIA (under parallel group,
double-blind conditions) with matching benztropine (4–6 mg/day) (n = 6)
or amantadine (200–300 mg/day) (n = 5) for up to 7 days. All of the pa-
tients treated with amantadine improved; in the cohort receiving benztropine,
four patients improved, one was unchanged, and one had a worsening of
akathisia.

Zubenko et al. [130] treated four patients with NIA with amantadine. All
four patients initially showed substantial benefit; however, within 1 week,
tolerance developed. Transient improvement occurred after raising the dose
of amantadine again. One of these four patients had concomitant EPS that
responded to amantadine, without the development of tolerance.

Benzodiazepines
Donlon [136] noted improvement in akathisia in 10 of 13 patients who received
open treatment with diazepam (15 mg/day). All patients had not improved
with prior treatment with diphenhydramine (antihistaminic/anticholinergic;
75 mg/day).

Gagrat et al. [137] performed a double-blind, parallel-group trial of single
intravenous (IV) doses of diazepam (5 mg) (n = 9) versus diphenhydramine
(50 mg) (n = 11). NIA was rated at baseline and four times up to 2 hours after
infusion. Mean postinfusion ratings (at all four times) were significantly lower
than baseline for both diazepam- and diphenhydramine-treated groups.

Kutcher et al. [138] reported the results of an open 1-week trial of clon-
azepam (0.5 mg/day) in 10 adolescents with NIA. Mean akathisia scores (on
the ESRS) decreased significantly from 4.1 at baseline to 1.6 at the end of clon-
azepam treatment. They noted that possible advantages of clonazepam over
other benzodiazepines were (1) the low doses required and (2) the long half-
life, making once-a-day treatment possible.

These authors then conducted a double-blind, parallel-group study of treat-
ment with clonazepam (1 mg) (n = 7) versus placebo (n = 7) [139]. Substantial
improvement was seen in all patients receiving clonazepam; five of the patients
receiving placebo were unchanged, while two patients had mild improvement
(of one point on the akathisia subscale of the ESRS). Also, all four of the patients
in the placebo cohort who received a subsequent open trial of clonazepam
responded to this agent. Bartels et al. [96] studied the effects of 2 weeks of
open treatment with lorazepam (1.5–5 mg/day) in 16 schizophrenic patients
with NIA. Fourteen patients improved with lorazepam (nine had marked re-
sponse, and five had moderate response), while two patients were unchanged.
Improvement occurred after the first week of treatment, with minimal addi-
tional amelioration after the second week of treatment.
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Beta-blockers
Beta-blockers are currently considered to be the most promising treatments
for akathisia. These medications can be classified according to four properties:
(1) selectivity, (2) lipophilicity, (3) intrinsic sympathomimetic activity (ISA),
and (4) nonspecific properties, such as membrane-stabilizing effects (MSE).
Those that predominantly block β1 receptors (the predominant β-receptor in
cardiac tissue) or β2 receptors (e.g., lung, pancreas) are referred to as “selective’’
β-blockers. Those that block both β1 and β2 receptors are referred to as “non-
selective’’ β-blockers. The more lipophilic β-blockers cross the blood-brain
barrier (BBB) during acute administration, while the less lipophilic (relatively
hydrophilic) agents have a lower rate of penetrance of the BBB. Beta-blockers
with ISA have some partial agonist activity and therefore do not lower the
heart rate as much as those agents without this property. Membrane stabiliza-
tion is a term used to refer to decreased conductivity in isolated preparations
of cardiac tissue, which correlates with local anesthetic effects of β-blockers
[140–142].

Table 7.1 classifies β-blockers according to these four properties [142]. This
table also shows the β1 blockade potency ratios for each agent [142–144] so that
dose comparisons can be made in the treatment studies. Table 7.2 summarizes
studies with propranolol; Table 7.3 summarizes studies with other β-blocking
agents.

We will divide and discuss the studies of β-blockers in NIA according to
these properties. In general: (1) centrally active β-blockers (i.e., relatively
lipophilic agents) have proven more efficacious than relatively hydrophilic
ones; (2) the data are less clear regarding the relative contributions of β1 and

Table 7.1 Characteristics of β-blockers

β1 Blockade
potency ratio

Blockade ot β1 Blockade of β2 (D/L-propranotol
Drugs receptors receptors MSE Lipophilicity = 1)

D/L-Propranolol ++ ++ ++ +++ 1.0
D-Propranolol 0 0 ++ +++ –
Metoprolol∗ ++ 0−+ 0−+ ++ 1.0
Nadolol ++ ++ 0 0−+ 1.0
Atenolol ++ 0−+ 0 0 1.0
Pindolol∗∗ ++ ++ + ++ 6.0
ICI 118,551 0 ++ ++ +++ –
Betaxolol∗∗∗ ++ 0−+ 0 ++ 3.0–10.0
Sotalol ++ ++ 0 0 0.3

MSE = Membrane stabilizing effect.
∗ Metoprolol is selective for β1 receptors at doses ≤ 100 mg/day.
∗∗ Only pindolol has significant ISA.
∗∗∗ Betaxofot is selective for β1 receptors at doses ≤ 10 mg/day.
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Table 7.2 Studies of propranolol in acute neuroleptic-induced akathisia

No. of subjects/ Drug (mean
Authors design mg/day) Response

I. Open Studies
Lipinski et al. [40] 12 patients Propranolol: 30 9 patients: complete

response
1 patient: 50% response
2 patients 70% response

Kulik and Wilbur 1 patient Propranolol: 160 response upon initial
[146] treatment and

rechallenge
Lipinski et al. [41] 14 patients Propranolol: 42 All improved; 9 patients

with complete response
Adler et al. [147] 17 patients; parallel Propranolol: 56 9 patients: significant

group reductions in subjective
and objective NIA

8 patients: little change
in subjective and
objective NIA

II. Controlled Studies
Adler et al. [33] 6 patients Propranolol: 25 Significant reduction in

subjective and objective
NIA

Single-blind Lorazopam: 2 Significant reduction only
in subjective NIA

Crossover No treatment No significant
difference from
baseline

Adler et al. [34] 12 patients; double-blind; Propranolol: 51 Significant reduction in
crossover subjective and objective

NIA
Kramer et al. [43] 20 patients; double-blind; Propranolol: 60 Significant improvement

crossover placebo in NIA after 5 days of
propranalol

Lipinski et al. [148] 20 patients; double-blind; Propranolol Improvement in NIA
parallel group placebo greater on propranolol

Adler et al. [149] 11 patients; double-blind; D-propranolol: 80 No difference in subjective
crossover and parallel placebo D/L- and objective NIA after
group propranolol: 80 D-propranolol or placebo;

Significant improvement
in 8 patients after
open D/L-propranolol

β2 receptors as agents selective for either receptor subset have shown effi-
cacy; (3) membrane-stabilizing effects do not seem to contribute significantly
to the therapeutic effects, as will be discussed below; (4) intrinsic sympath-
omimetic activity may diminish efficacy somewhat, but permit use of β-blocker
therapy in patients with bradycardia who would not otherwise tolerate these
agents.
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Table 7.3 Studies of other ß-blockers in acute neuroleptic-induced akathisia

Study Agent Characteristics Results

I. Agents with ISA
Reiter et al. [153]
Adler et al. [154]

Pindolol
Pindolol

Depiphilic
Nonselective
ISA

9 patients: 4 showed good
response; 4 of the
remaining 5 improved
further after propranolol

II. Hydrophilic Agents
Lipinski et al. [41] Nadolol Hydrophilic

Nonselective
Nadolol less effective than

propranolol
Ratey et al. [155] Nadolol Hydrophilic

Nonselective
3 patients; good response

after 2 weeks
Adler et al. [156] Nadolol Hydrophilic

Nonselective
6 patients; good response

with at least 9–11 days of
treatment; 1 patient with
CNS syphilis; rapid
response In 1 day

Wells et al. [157] Nadolol Hydrophilic
Nonselective

Equal improvement after
9 days treatment with both
nadolol and placebo

Dupuis et al. [158] Sotalol Hydrophilic
Nonselective

6 patients with prior response
to propranolol were
unresponsive to sotalol

III. Selective Agents
Derom et al. [159] Atenolol Hydrophilic β1

selective
1 patient; no response to

atenolol; good response to
propranolol

Reiter et al. [160] Atenolol Hydrophilic β1

selective
7 patients; no improvement on

atenolol, while propranolol
was effective

Zubenko et al. [164] Metoprolol β1 selective
≤ 100 mg/day

5 patients; metoprolol as
effective as propanolol only
at doses ≥200 mg/day

Kim et al. [166] Metoprolol β1 selective
≤ 100 mg/day

9 patients; metoprolol
effective in doses
<100 mg/day; no additional
benefit with subsequent
propranolol treatment

Adler et al. [167] Metoprolol β1 selective
≤ 100 mg/day

8 patients; equal effects of
1 day treatment with
metoprolol (75 mg/day)
vs. propranolol

Dupuis et al. [158] Betaxolol β1 selective 4 patients with prior response
to propranolol had good
response to betaxolol

Adler et al. [169] Betaxolol β1 selective 6 patients; equal response to
betaxolol and propranolol

Adler et al. [170] ICI 118,551 β2 selective Improvement with both ICI
118,551 and propranolol
(n = 6); no significant effect
of placebo (n = 4)

ISA = Intrinsic sympathomimetic activity.
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Strang [145] originally described the beneficial effects of propranolol (5–30
mg/day) in parkinsonian patients who had restless leg syndrome. This led
Lipinski et al. [40] to undertake the first trial of propranolol in NIA. Twelve
patients with NIA were treated (mean dose = 30 mg/day) in an open design.
All patients improved, with nine having a complete response. This improve-
ment was rapid with “a considerable clinical response typically [occurring]
within an hour of the first dose and the maximum clinical response . . . in 24–
48 hours.’’ No significant changes in blood pressure or pulse were observed.
Concomitant EPS were also unaffected. The rapidity of the response to pro-
pranolol and the absence of effects on blood pressure/pulse and parkinsonian
symptoms have also been noted consistently in subsequent studies of low-dose
propranolol in NIA. In the same year, another case of NIA successfully treated
with propranolol was reported by Kulik and Wilbur [145].

There have been several other reports, which are detailed below, of the
efficacy of propranolol in NIA. Although the results of these studies have been
uniformly positive, these investigations have each studied a relatively small
number of patients.

Lipinski et al. [41] also reported an extension of their original open study,
which further documented the efficacy of propranolol in NIA.

Adler et al. [33] compared propranolol (20–30 mg/day), lorazepam
(2 mg/day), and periods of no treatment in six patients with NIA; this was
a crossover study, in which the rater was blind but patients and the treating
physician were not. Propranolol significantly decreased subjective and objec-
tive measures of NIA, while lorazepam diminished subjective, but not objective
akathisia scores. Scores at the end of the no treatment periods did not differ
from baseline.

These authors also performed a randomized, double-blind, crossover de-
sign study of the efficacy of propranolol (20–60 mg/day, mean dose =
51 mg/day) and matching placebo in treating NIA [34]. Propranolol caused
significant overall improvement in both subjective and objective measures of
akathisia compared to ratings done both at baseline and on placebo. Placebo
caused no significant change in akathisia ratings from baseline. No significant
effect of either propranolol or placebo was seen on Hamilton Anxiety scores.
Parkinsonian EPS (cogwheeling, rigidity, tremor, akinesia), as measured by the
Simpson-Angus EPS Scale were not significantly affected by treatment with
propranolol.

Adler et al. [147] treated 17 patients experiencing akathisia with propra-
nolol (n = 9) (40–80 mg/day) or benztropine (n = 8) (1.5–4.0 mg/day). This
was a parallel-group design in which nonblinded akathisia ratings were ob-
tained at baseline and at the end of either treatment. Assessments of memory,
performed by a rater blind to treatment assignment, were also obtained to
examine for possible effects on cognition. As in prior studies, we found ap-
proximately 50% decreases in both subjective and objective NIA after treat-
ment with propranolol. No change in objective NIA and a small decrease in
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subjective NIA occurred after treatment with benztropine. The relative lack
of efficacy of benztropine in this study was hypothesized to be possibly due
to (1) atypical responses in the small sample and (2) only one of the patients
having significant concomitant parkinsonian EPS. Three measures of recent
memory (Buschke recall, Buschke consistent retrieval, and superspan digits
subtests) and one measure of immediate memory (WAIS digits forward) were
impaired in those patients who received benztropine, but not in those treated
with propranolol.

Kramer et al. [43] also completed a double-blind placebo-controlled,
crossover study of propranolol (60 mg/day) and placebo in 20 patients. Pa-
tients were divided into two cohorts, those who received (1) 2 days of placebo,
followed by 5 days of propranolol, or (2) 2 days of propranolol followed by
5 days of placebo. There was an overall trend of decrease in subjective and
objective akathisia after propranolol treatment. Furthermore, the ratings on
two akathisia subscales were significantly lower after 5 days of treatment with
propranolol than after 5 days of placebo. Interpretation of the data from this
study is compromised by (1) unequal length of treatment in the two groups
(i.e., 2 vs. 5 days), and (2) possible carry-over effects of 5 days of propranolol
into the 2-day treatment period on placebo.

Lipinski and coworkers [148] have completed a randomized, placebo-
controlled parallel-group study of propranolol in 20 patients with NIA.
Changes in akathisia scores from baseline were significantly greater with pro-
pranolol than with placebo.

We, in collaboration with Lipinski and coworkers at McLean Hospital, stud-
ied the effect of d-propranolol on akathisia [149]. Eleven patients (8 at the
New York VAMC and 3 at McLean) completed this double-blind, crossover
design study of d-propranolol 80 mg per day versus placebo. The clinical
formulation of propranolol is a racemate. The d-isomer has a variety of phar-
macological actions in common with the racemate, including membrane stabi-
lization; however, the d-isomer does not have clinically significant β-blocking
properties (only 1.7% to 6.7% of the racemate, based on clinical and preclini-
cal studies of antagonism of isoproterenol-induced tachycardia) [150–l52]. In
this study, there were no differences in ratings after placebo versus after d-
propranolol. Significant reductions in akathisia were seen in the eight pa-
tients who received racemic propranolol (80 mg/day) after the study was
completed. This indicates that antagonism of β-receptors and not nonspecific
properties, such as MSE, mediates the therapeutic effect of propranolol in
NIA.

In all of these studies of racemic propranolol, maximal improvement was
noted within 3 days of initiation of treatment (except for Kramer et al. [43] who
found significant improvement after 5 days, but not 2 days).

Other nonselective β-blockers
Pindolol (lipophilic, nonselective, with lSA): We have studied pindolol, another
nonselective, lipophilic β-blocker, which additionally has the partial agonist
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property of intrinsic sympathomimetic activity (ISA), at first in one patient
with sinus bradycardia and NIA [153] and then in an additional eight pa-
tients [154]. Of these nine patients, four had substantial or complete re-
missions in their akathisia with 5 mg per day. The five patients who did
not respond were then treated with propranolol (mean = 72.0 mg/day)
for 2–8 days; four of these five subjects had further improvement. We sug-
gested that the differential response may have been due to pindolol: (1) being
less lipophilic than propranolol and (2) having partial agonist activity (lSA)
[154].

Nadolol (nonlipophilic, nonselective): Lipinski et al. [41] made the first attempt
to treat NIA with other β-blockers besides propranolol, in order to evaluate
central versus peripheral and β1 versus β2 mechanisms in the therapeutic effect.
They found that nadolol (a nonselective, relatively hydrophilic agent) was less
effective after acute treatment than propranolol (nonselective, lipophilic) in
the treatment of NIA.

In contrast, Ratey et al. [155] described three cases of NIA that improved with
nadolol. Interpretation of these data is difficult because (1) the improvement
was also coincident with the starting of benzodiazepines, and (2) the clinical
effects required approximately 2 weeks with nadolol versus hours to days with
propranolol.

Adler et al. [156] treated six patients with NIA with nadolol (60 mg/day) for
12 to 14 days. Akathisia ratings were subdivided into the following epochs:
day 0 (baseline), day 1, days 3–4, days 6–7, days 9–11, and days 12–14. Signifi-
cant improvement in akathisia was not seen until 9–11 days (subjective ratings)
and 12–14 days (objective and global ratings) of nadolol treatment. These find-
ings verify both Lipinski’s [41] and Ratey’s [155] findings of a subacute, but
not an acute, onset of action of nadolol, in that the effect was not seen until at
least 9–11 days of treatment. During this study, a seventh patient with NIA, a
chronic schizophrenic who also had neurosyphilis was treated. He had a com-
plete cessation of akathisia after 1 day of nadolol therapy. The rapid response
of this patient suggests a central site of action, as the active CNS syphilis infec-
tion presumably led to a more permeable blood-brain barrier and more rapid
penetration of nadolol.

It must be noted, however, that the concept of delayed CNS penetration of
nadolol has been called into question by a final placebo-controlled study by
Wells et al. [157]. In this parallel group comparison of nadolol and placebo im-
provement of akathisia indeed occurred after day 9 in nadolol-treated patients.
However, an equal degree of improvement was seen in the placebo group at
that time [157]. This finding suggests that the improvement Adler et al. [156]
attributed to delayed CNS penetration of nadolol may have been due to some
degree of accommodation to akathisia over 10–14 days’ time.

Nonetheless, the overall concept that lipophilicity is required for ß blockers
to be effective in akathisia was further reinforced by the finding of Dupuis
et al. [158] that patients with proven responsiveness to propranolol failed to
respond to the hydrophilic, nonselective agent sotalol.
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Studies of selective β-blockers
Atenolol (nonlipophilic, β1-selective): Derom et al. [159] have reported a patient
whose akathisia was improved with propranolol (120 mg/day), but not with
atenolol (a nonlipophilic, selective β1 antagonist; 100 mg/day). Reiter et al.
[l60] treated seven patients in a parallel group design with atenolol (mean
maximum dose = 60.7 mg/day) and propranolol (mean maximum dose =
60.0 mg/day). Propranolol significantly improved both subjective and ob-
jective akathisia versus baseline ratings; atenolol did not improve objective
akathisia, and in fact worsened subjective complaints of restlessness in several
patients. The authors note the following possible reasons for worsening:

1. Differences in these agents in lipophilicity and selectivity (atenolol: hy-
drophilic, β1-selective; propranolol: lipophilic, nonselective).

2. An indirect effect of selective peripheral β1 blockade (with atenolol, but
not propranolol) leading to a compensatory increase in central noradrenergic
activity. Patterson’s [l61] report of a syndrome similar to akathisia in a hyper-
tensive patient treated with atenolol (but not receiving neuroleptics) supports
this possibility.

3. Pharmacokinetic effects of β-blockers on neuroleptic plasma levels: two
studies have shown increased plasma neuroleptic levels in patients treated
with propranolol for aggressive behavior. Silver et al. [l62] found that high-
dose propranolol (up to 800 mg/day) increased thioridazine levels in two
patients. Greendyke and Kanter [163] studied 12 patients with organic brain
disease who were receiving high doses of propranolol; they found that pro-
pranolol increased plasma thioridazine levels, but not haloperidol levels. If
atenolol also increases neuroleptic levels, these higher levels plus lack of acute
central effects of atenolol could lead to a worsening of akathisia.

Metoprolol (lipophilic, β1-selective): Zubenko et al. [164] found that metopro-
lol, which is a lipophilic/β1-selective (in low doses) blocker, was effective in
treating akathisia only in doses (>200 mg/day) where both β1 and β2 receptors
are nonselectively blocked [165].

Kim and coworkers [166] examined the effect on NIA of increasing doses
of metoprolol in nine patients (in the first six, ratings were nonblind; in the
last three, the rater was blind to timing of initiation of treatment). All patients
were started at 25–50 mg per day of metoprolol, with the dose of metopro-
lol increased by 25 mg every several days up to a maximum of 100 mg per
day or where maximal clinical improvement occurred. Ratings were obtained
prior to each dosage increase. All patients were subsequently treated with
open propranolol (60 mg/day). The mean dose of metoprolol where maxi-
mal improvement occurred was 66.7 mg per day, a dose where selectivity for
the β1 receptor is considered to be maintained [164, 165]. Seven patients had
substantial improvements in akathisia after metoprolol. No significant further
improvement was seen with subsequent propranolol treatment [166].

We conducted a second study [l67] of the effects of metoprolol at β1-selective
doses: (1) because of the conflicting results of studies of this agent at β1-selective
doses and (2) to control for possible carry-over effects that may have been



Acute drug-induced akathisia 161

present in our first metoprolol study (as patients were treated with propra-
nolol immediately after their metoprolol trial). This study was a single-blind
crossover design study of 1-day trials of metoprolol (75 mg/day) and pro-
pranolol (60 mg/day), with an intervening washout period. Eight patients
with NIA participated. Both propranolol and metoprolol produced significant
decreases in NIA, which were of equal magnitude.

Betaxolol (lipophilic, β1-selective): Dupuis et al. [158] studied three different
β-blockers, propranolol (20–40 mg/day), sotalol (nonlipophilic, nonselective;
40–80 mg/day), and betaxolol (lipophilic, β1-selective; 10–20 mg/day), with
an intervening washout period between each trial. Eight of 16 patients had
complete remission of akathisia after propranolol. Six of these eight had recur-
rences of akathisia after its discontinuation. These patients were then unsuc-
cessfully treated with sotalolol. Four of these remaining, initially propranolol-
responsive patients were then treated with betaxolol, with each having com-
plete alleviation of their akathisia [158].

Betaxolol appears to maintain its β1 selectivity over a larger dose range than
metoprolol [168]. When betaxalol became available in the United States, we
treated eight patients with NIA with betaxolol (5 mg/day), a dose where β1

selectivity is quite likely to be maintained [168]. All eight patients improved
and there was no further improvement with subsequent treatment with pro-
pranolol [169].

ICI 118,551 (Lipophilic, β2-selective): We have also examined the effects of ICI
118,551 (the only lipophilic β2-selective agent developed to date) in a double-
blind, parallel group study versus placebo in 10 patients (ICI 118,551 = 6;
placebo = 4) with NIA. Mean measures of akathisia were lower in the patients
who received ICI 118,551 than in those who received placebo. Five of the six
patients treated with ICI 118,551 had improvement in their akathisia, while
only one of the placebo-treated patients improved (χ2 = 6.53, df = 2, p ≤ 0.05)
[170]. This study, however, was terminated prematurely when ICI 118,551 was
withdrawn from clinical evaluation.

Clonidine
Clonidine is an α2 agonist that decreases central noradrenergic activity [171].
Zubenko et al. [37] conducted an open trial of this agent (0.2–0.8 mg/day) in
six patients with NIA. All six patients improved, with four having complete
remission. Treatment was limited by hypotension in two cases. These two
patients also developed sedation and had only partial responses to clonidine.
This lesser response in the patients who developed hypotension/sedation led
Zubenko and coworkers to conclude that the therapeutic efficacy of clonidine
was not related to its sedative properties.

Adler et al. [38] treated six patients with clonidine (0.15–0.40 mg/day) in
a single-blind (rater-blind) design. Both subjective and objective features of
akathisia were significantly decreased after treatment compared to baseline.
Akathisia ratings were substantially improved in all patients. Hamilton Anx-
iety Scale scores were also significantly lowered. The use of clonidine was
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limited by hypotension in five cases and clinically apparent sedation in four
patients. Thus the possibility exists that in this study, the efficacy of the cloni-
dine was due to nonspecific sedative effects. Both Adler et al. [38] and Zubenko
et al. [37] noted that the sedation encountered with clonidine was not observed
with β-blockers. Clonidine also differed from propranolol in that in the Adler
et al. study, clonidine decreased Hamilton Anxiety scores, while, in a prior
study [34] propranolol did not.

Studies of 5HT2 antagonists
When the previous edition of this book was published this therapeutic ap-
proach was still in its infancy. In 1986, Bersani et al. published observations
on ritanserin, which were not widely noted [172]. The efficacy of ritanserin as
a treatment for NIA was further suggested by Miller et al. [173]. Since then,
progress in this area has made this approach a major addition to the treatment
for NIA.

In 1992 Miller et al. [174] reported three patients whose akathisia was resis-
tant to anticholinergic, beta blocker, and benzodiazepine treatment, who then
showed a rapid and substantial response to ritanserin. This was important
both for nonresponders to propranolol and for those unable to be treated with
β blockers because of medical contraindications.

This approach to therapy was then explored systematically by an Israeli
group. Cyproheptadine, mianserin, and mirtazapine were shown to have ef-
ficacy in both open label [175–177] and double blind studies [178–180]. In
addition, the critical role of 5HT2 antagonism was shown by demonstrating
the lack of efficacy of the 5HT1, partial agonist buspirone [176], and the 5HT3

antagonist granisetron [181] on NIA.
This body of work is both theoretically and clinically important and pro-

vides the clinician with an alternative therapy for patients unresponsive to or
intolerant of beta blockers or anticholinergics. We would agree with the con-
clusion of a recent review by Poyurovsky and Weizman [182]: “When the deci-
sion is made to initiate an anti akathisia compound the β-adrenergic blocking
agent propranolol’’ (or, we would add, betoxolol) –“or a 5HT2a antagonist’’ –
“are the first choices. In cases of NIA associated with neuroleptic-induced
parkinsonism, priority may be given to anticholenergic agents’’ [182].

Some comments on pathophysiology
In a perfect world, study of etiology and pathogenesis leads to incisive inter-
ventions. Neurologists and (particularly) psychiatrists live in a very imperfect
world in which much of the pathogenesis is inferred from pharmacological
evidence.

Review of the causes and treatment of DIA leads to a certainty that dimin-
ished dopaminergic function plays a key role. This statement is about as bold
as a politician asserting he strongly supports morality and motherhood. A
more precise characterization of the pathophysiology of akathisia, however, is
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difficult because of gaps in current knowledge. In this context, we will review
the main evidence about the pathophysiology of DIA.

The relationship of akathisia to decreased dopaminergic function was orig-
inally suggested by its frequent occurrence in idiopathic and postencephalitic
parkinsonism [5, 6, 183]. With respect to pharmacologic evidence, the main
causative offenders are the classical neuroleptics. Akathisia, reported after ad-
ministration of known dopamine receptor antagonists used for other medical
indications such as metoclopramide and droperidol [9, 53, 184] has, of course,
identical implications with respect to pathogenic mechanisms.

That blockade of dopamine receptors per se is not the only way in which
dopamine function can be reduced to a threshold at which akathisia occurs is
evident from reports of the syndrome due to depletors-like reserpine [9, 54],
and tetrabenazine [185] or synthesis inhibitors such as alpha methyl paratyro-
sine [185].

A heterogeneous group of other agents has also been reported to cause
akathisia. These include atypical antipsychotics (see above), serotonin reup-
take inhibitors (see above), calcium channel blockers [186–188] – amoxapine,
[189, 190] and lithium [191]. Are antidopaminergic effects part of these agents’
pharmacologic profiles?

Probably! Atypical antipsychotics all block dopamine receptors although
with rather low affinity in some cases. Serotonin reuptake inhibitors are known
to diminish dopaminergic function [92] and dopamine release [94]. The cal-
cium channel blockers reported to be associated with akathisia include a
single case with diltiazem [186] and particularly flunarizine and cinnarizine
[187, 188]. Evidence was cited [188] that the latter two of these agents has di-
rect neuroleptic-like effects [192–194]. Diltiazem is not, to our knowledge, a
dopamine receptor blocker but some antidopaminergic properties can, per-
haps, be inferred from its effects on tardive dyskinesia [195]. Finally, amox-
opine or a metabolite thereof, is known to have antidopaminergic properties
and lithium treatment has been shown to inhibit dopamine synthesis in some
studies [196].

If agents that cause akathisia reduce basal dopaminergic function via a va-
riety of mechanisms, is the converse true; do drugs that treat akathisia have
positive modulatory effects on dopaminergic function [7]? A series of stud-
ies from the 1990s give rather direct evidence that this is indeed the case. In
these studies positron emission tomography (PET) imaging is used to mea-
sure dopamine efflux in basal ganglia. This is done via measuring competi-
tive displacement of a radiolabeled neuroleptic (raclopride) by endogenous
dopamine from D2 receptors. In these studies, it should be noted, decreases
in raclopride binding reflect large changes in dopamine efflux. An important
methodological paper [197] measured amphetamine-induced dopamine efflux
in nonhuman primates simultaneously with both in vivo microdialysis and C11

raclopride displacement. A 44% increase in dopamine efflux (seen during mi-
crodialysis) was found to correspond to a 1% decrease in C11 raclopride binding
[197]. Using this methodology, both benztropine [198] and the 5HT2 antagonist
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altanserin [94] have been shown to increase dopamine release as measured by
decrements in raclopride binding.

Propranolol has not been studied with this PET technique but some evidence
for prodopaminergic effects has been shown, at least when high doses are used
[199]. Amantadine is generally considered to cause increased dopaminergic
function [200] (although more recently this has been questioned [201]).

However, benzodiazepines, which have been used extensively and with ben-
efit in akathisia actually diminish basal dopamine efflux (as indicated by in-
creases of C11 raclopride binding) [202]. In the context of this apparent paradox
we will note that there is still some question as to whether benzodiazepines
specifically affect akathisia or whether their effects ameliorate the subjective
aspects of akathisia in a nonspecific manner [33].

Thus agents that cause akathisia all probably decrease dopaminergic func-
tion, while most therapies have prodopaminergic effects. Further studies will
tell whether these comments constitute an oversimplified Procrustian bed.
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CHAPTER 8

Neuroleptic malignant syndrome

Stewart A. Factor

History

Neuroleptic malignant syndrome (NMS) is a potentially fatal drug-induced
movement disorder that was first described by Delay and associates in 1960
during the proceedings of the Societé Medico-Psychologique [1]. This presen-
tation was a communication on the efficacy and safety of haloperidol. Initially
referred to as the “syndrome malin,’’ in their chapter in the Handbook of Clini-
cal Neurology [2], the term neuroleptic “malignant’’ syndrome was introduced.
This was the first English report on the subject and they described it as the
“most serious but also the rarest and least known of complications of neu-
roleptic chemotherapy.’’ Three main groups of signs were discussed. Changes
in the “general condition’’ included hyperthermia and pallor. Psychomotor
signs included “akinesis with a greater or lesser degree of stupor, or hyper-
tonicity and varying dyskinesias.’’ It was initially thought that these signs were
seen exclusively in “brain-damaged’’ individuals. Finally, “signs in the lungs’’
included congestion and infarction with resultant dyspnea and asphyxia. The
poor prognosis was clear “. . . death in hyperthermia supervenes unless appro-
priate measures are instituted in time.’’ These measures included discontinu-
ation of antipsychotic medications, rehydration, and correction of electrolyte
abnormalities. They suggested antipyrexic medication, including chlorpro-
mazine (a drug now known to cause neuroleptic malignant syndrome) and
antiparkinsonian medications in the later stages, if necessary.

After the original description the syndrome remained relatively unknown,
as it was underdiagnosed, underrecognized, and rarely reported. Approxi-
mately 60 cases were published over two decades before 1980 when Caroff
[3] reviewed them. Most were from the French literature, and few were from
the United States. In addition, NMS received little or no attention in psychi-
atric and psychopharmacological textbooks. At that time, it was believed that
NMS was related only to treatment with high-potency neuroleptics. Caroff’s
landmark review stimulated increased interest and recognition and has been
followed by numerous reports, studies, and reviews. All neuroleptics have
now been implicated in the development of the disorder including atypical
agents (see Chapter 11). In addition, it is now clear that NMS is not just re-
lated to neuroleptic use. In 1981, Burke and associates [4] reported NMS in a
patient with Huntington’s disease treated with the dopamine-depleting agent,
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tetrabenazine, with several other reports following, and in the same year NMS
was reported in patients with Parkinson’s disease after sudden withdrawal
of their dopaminergic medications [5]. These situations strongly suggest that
NMS is related to an alteration in dopaminergic transmission in the CNS [6].
Based on this hypothesis, it was in 1983 that treatment with the dopamine ag-
onist, bromocriptine, was recommended [7]. Over the last two decades there
is a better understanding of the clinical features and pathophysiology, which
has resulted in a rational treatment regimen and improved outcomes.

Clinical aspects

Signs and symptoms (Table 8.1)
The principal clinical features of NMS are hyperthermia, muscle rigidity, au-
tonomic dysfunction, and mental status changes. The presence and severity of
each of these can be quite varied from case to case. Hyperthermia is present
in nearly all cases of NMS [8–10]. Rare afebrile patients have been reported
[11] but these cases may not actually represent NMS cases [12]. Patients may
have low-grade temperature or one as high as 42.2◦C [13]. Addonizio et al. [14]
reported temperatures above 38◦C (100.4◦F) in 92% of patients, temperatures
equal to or higher than 40◦C (104◦F) in 40% of patients, and temperatures equal
to or higher than 41◦C (105.8◦F) in 13%. The elevation in temperature usually
occurs either at the same time or after the onset of motor signs [15]. It usually
reaches a peak within 48 hours [9].

Muscle rigidity is typically described as being “lead pipe’’ or “plastic’’ in
nature [3, 8, 13, 16]. Cogwheel rigidity, as seen in parkinsonism, has also been
described but less frequently [17]. Rigidity is reported in over 90% of patients
[8–10, 14, 18]; however, a small portion of them may not be rigid [12, 19, 20]
although it has been questioned as to whether these nonrigid cases actually
had NMS [12]. When present, the rigidity may be severe enough to result in
a decrease in chest wall compliance resulting in tachypenic hypoventilation

Table 8.1 Clinical signs of neuroleptic malignant syndrome

Hyperthermia
Muscle rigidity:

Lead pipe, plastic, cogwheel
Autonomic dysfunction:

Respiratory – tachypena, dyspnea
Cardiovascular – arrhythmia, tachycardia, lability of blood pressure, hypotension, hypertension
Other – diaphoresis, pallor, flushing of the skin, urinary incontinence, dysuria

Mental status change:
Agitation, lethargy, muteness, confusion, delirium, catatonia, stupor, coma

Movement disorders:
Akinesia, bradykinesia, tremor, dystonia, chorea, myoclonus

Other neurological signs:
Seizures, ataxia, nystagmus, gaze paresis, ocular fluttering, reflex changes, Babinski signs
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requiring respiratory support [16, 21]. The presence of rigidity has led some
investigators to conclude that NMS is simply a severe form of drug-induced
parkinsonism [22]; however, the obvious differences between these two dis-
orders makes this unlikely [23]. Musculoskeletal complications resulting from
muscle rigidity include joint dislocations, muscle loss with secondary avul-
sions, and orthopedic deformities of the hands and feet if the disorder is pro-
longed [24, 25]. Rigidity of the muscles of the pharynx and esophagus may
also result in dysphagia, dysarthria, and sialorrhea [10, 13, 24]. Other parkin-
sonian features may accompany the rigidity. Akinesia (the loss of voluntary
movements) and/or bradykinesia (slowness of movement) have frequently
been described as features of NMS [3, 8, 13, 16, 21] occurring in nearly 40%
in one study [8]. Tremor has also been well described with NMS [9, 10, 13,
16, 26–28]. Resting tremor, similar to that seen in Parkinson’s disease [10] and
a coarse tremulousness of the trunk and extremities has been described [9].
Tremor occurs in approximately half of the patients with this syndrome [8, 10,
14]. In addition, parkinsonian gait disorder has been occasionally described;
however, the frequency is difficult to assess since most patients are unable to
walk [9].

Varying dyskinesias were mostly reported in early papers on NMS [1–3].
Dystonia is probably the most frequent, occurring in approximately one third
of patients [8, 10, 14, 27, 29]. Blepharospasm [10], opisthotonos [10, 21, 30],
oculogyric crises [10, 16, 21, 30], and trismus [10, 21, 30] may all represent
manifestations of this movement disorder. Chorea, including orobuccolingual
dyskinesia, has also been well described [10, 13, 21, 30] and is probably less fre-
quent than dystonia [10]. Myoclonus has occasionally been seen [26]. Other less
common neurological features include seizures, Babinski signs, reflex changes,
ataxia, nystagmus, gaze paresis, and ocular fluttering [10, 11, 15, 21, 30–35].

Autonomic abnormalities other than hyperthermia are also frequently
present. Cardiovascular autonomic changes include tachycardia, cardiac ar-
rhythmias, and instability of blood pressure. Hypertension, hypotension, and
lability of blood pressure have all been described [3, 9, 10, 13–16, 21, 24, 30, 36].
Diastolic hypertension has been found to be common and perhaps a specific
early feature of NMS [14, 24]. This may allow early detection when monitoring
patients at risk. Autonomic changes affecting the respiratory system result in
tachypnea, dyspnea, and pulmonary edema [3, 9, 10, 16, 20, 30]. Other dysau-
tonomic features include diaphoresis, pallor, flushing of the skin, urinary in-
continence, and dysuria [3, 9–16, 21, 24, 30, 36].

Alterations in mental status are a hallmark of NMS. In the early stages,
there may be various degrees of fluctuating alertness. Patients may go from
being alert, responsive, and perhaps even agitated to being more lethargic and
mute. During this period, emotional distress, confusion, and delirium may
predominate [9, 24]. Some suggest that the variations in behavior associated
with muteness, immobility, and lack of response may be the result of catatonic
behavior [36]. Although mutism is a common manifestation of catatonia, it is
not specific. Various combinations of the “classic’’ features should be present
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if a diagnosis of catatonia is to be considered. These features include catalepsy,
waxy flexibility, automatic obedience, stereotypic mannerisms, and echophe-
nomenon often associated with extremes of hyper- and hypoactivity [37].

At least three of these features should be present. These symptoms are
not typically exhibited in NMS [37]. In general, catatonics frequently be-
come withdrawn and lack any desire to cooperate or communicate. How-
ever, NMS patients have been described as attempting to communicate but
being unable to because of their muteness. In such cases, they are not actu-
ally withdrawn [38]. In addition, patients have been described as having “a
striking, frightened facial expression.’’ These patients apparently have an in-
ability to speak because of an impending sense of doom and a high level of
anxiety [9]. These findings would suggest that true catatonia does not occur
very often in NMS but catatonic signs may be seen [39]. In the later stages,
the fluctuating mental status may lead to depressed consciousness, stupor,
and coma [3, 13, 16, 21, 36]. Some variation in consciousness occurs in 75%
of patients [10]. There have been occasional cases where the initial feature is
psychosis with delusions, inattention, hallucinations, and disorganized think-
ing followed by the more typical symptoms [40]. This may lead to delayed
diagnosis.

Laboratory features (Table 8.2)
Laboratory findings in NMS are nonspecific but supportive of the diagnosis.
There are two abnormalities, in particular, which are consistently found. The
first is an elevation of creatine kinase (CK) [3, 9–11, 13, 18, 21, 30, 36]. In reviews
of previously reported cases, elevated CK was found in 44% [10], 71% [18], 92%
[8], and 97% [14]. In a prospective evaluation of 24 consecutive patients with
NMS, CK was elevated in all cases in which it was measured [9]. Elevations
vary widely from >200 to hundreds of thousands. In one study [9], 86% had
elevations above 1000 IU/L and 33% had elevations higher than 10,000 IU/L.
The mechanism of CK elevation probably relates to myonecrosis developing
during intense sustained muscle rigidity. Monitoring the CK levels can be a
useful way of tracking the course of the syndrome. Polymorphonuclear leuko-
cytosis is the other commonly reported abnormality [3, 8–11, 13, 14, 18, 21, 30].
The elevation can be anywhere from 10,000 to 30,000 cells per mm [3, 21]. It

Table 8.2 Laboratory features of neuroleptic malignant syndrome

Elevated creatine kinase
Polymorphonuclear leukocytosis
Elevated aldolase, alkaline phosphatase, LDH, SGOT, SGPT
Hypocalcemia
Hypomagnesemia
Hypoferremia
Proteinuria
Myoglobinuria
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occurs in half to three-quarters of patients with NMS [9, 10, 18]. It may or may
not be associated with a left shift. Other enzyme abnormalities include elevated
aldolase, alkaline phosphatase, lactate dehydrogenase, SGOT, and SGPT [9, 10,
21, 30]. Although many of these enzyme abnormalities were originally thought
to be hepatic in origin, Rosebush et al. [9] have discussed the more likely possi-
bility that these changes originate from muscle. All enzymes are elevated to a
much lesser extent than CK. Only 14% of cases had an elevation in LDH above
1000 IU/L. SGOT, which is elevated in about 80% of patients, rarely goes above
700 IU/L, and SGPT, elevated in 64%, is rarely greater than 500 IU/L. Alkaline
phosphatase has been elevated in a small number of patients and bilirubin is
always normal [9]. Other features include hypocalcemia, which may be due
to rhabdomyolysis. This was found to be present in about half of those with
NMS and in all patients with CK elevated above 10,000 IU/L. Hypomagne-
semia was also observed in over 60% of patients [9] and hyponatremiais was
also occasionally seen [20]. Serum iron levels have been found to be dimin-
ished in 95% of patients within a week. The etiology of this hypoferremia is
thought to be related to muscle injury and may turn out to be an important
marker for this illness [9]. The total iron-binding capacity and ferritin levels are
normal. Finally, thrombocytopenia has rarely been associated with NMS but
this relationship remains unclear [41]. At least one fatality occurred because
of disseminated intravascular coagulation. Abnormalities seen on urinalysis
include proteinuria and myoglobinuria [9, 21].

Computerized tomography scans, radionuclide brain scans, and cere-
brospinal fluid evaluation are typically normal in NMS [8–10, 14, 21, 30, 36,
38]. Electroencephalogram may be normal or shows signs of diffuse slowing
without focal changes. These findings are usually suggestive of a metabolic
encephalopathy [3, 8–11, 13, 14, 18, 21, 30, 32, 36, 38].

Diagnosis

There is no stereotyped manner in which NMS presents making diagnosis
difficult. The DSM-IV criteria include rigidity and fever accompanied by two
of the following: diaphoresis, dysphagia, tremor, incontinence, altered men-
tation, mutism, tachycardia, labile blood pressure, elevated white count, and
elevated creatine kinase for diagnosis [42]. However, any of the above fea-
tures can herald the disorder and varied combinations may be seen. Levenson
[11] also developed a set of criteria for diagnosis. They consider major criteria
to be fever, rigidity, and elevated CK; minor manifestations were tachycar-
dia, blood pressure instability, tachypnea, altered consciousness, diaphoresis,
and leukocytosis. Criteria for diagnosis were met if the patient had all three
major or two major and four minor manifestations in the absence of other
disorders. Although these criteria are not universally accepted [15], they are
helpful in making a diagnosis. One other study indicated that 80% of patients
have either mental status change or rigidity [43] suggesting that both should be
major features. Nevertheless, each symptom taken by itself is nonspecific and
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Table 8.3 Complications of neuroleptic malignant syndrome

Respiratory
Tachypneic hypoventilation from decreased chest wall compliance
Aspiration pneumonia
Pulmonary embolism
Pulmonary edema

Cardiovascula:
Arrhythmia
Myocardial infarction
Cardiovascular collapse
Cardiac arrest

Renal
Prerenal azotemia from dehydration
Renal failure secondary to rhabdomyolysis and myoglobinuria

Neurological (long-term sequelae)
Parkinsonism
Tardive dyskinesia
Dystonia
Cerebellar degeneration (secondary to hyperpyrexia)
Peripheral neuropathy
Dementia progression
Anoxic complications

Orthopedic
Contractures
Compartment syndrome

heterogeneity makes the diagnosis difficult. It is the combination of features
in particular situations that should lead to a high index of suspicion.

Course and complications (Table 8.3)

Once NMS develops, it usually progresses at a rapid rate. The syndrome typ-
ically reaches peak intensity within 72 hours of onset [2, 3, 10–16, 21, 36].
However, this may vary from 45 minutes to as long as 65 days [8, 14, 26]. Fea-
tures of NMS may vary in severity and combination. Some of the less severe
forms may represent aborted episodes due to rapid diagnosis and interven-
tion; however, NMS may take on a mild self-limited course that clears quickly
with little or no intervention and causes very few complications or sequelae
[44]. Such cases are sometimes associated with or preceded by a mild viral
illness. On the other hand, a very malignant course may occur that ultimately
will result in death despite rigorous treatment. The overall duration of illness
has varied from 8 hours to as long as 40 days [10, 11, 13, 14, 21, 24]. This varies
depending on whether oral or depot neuroleptics are the causative agents.
With oral medications, NMS typically lasts about 7–14 days after discontin-
uing the drug; however, depot drugs increase the duration by two to three
times [13–16, 21, 45].

Approximately 40% of patients with NMS suffer from medical compli-
cations, many of which are life threatening. The presence and severity of
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these complications depend primarily on the severity and duration of NMS.
Respiratory complications are the most common cause of death in patients
[13, 36]. These include tachypneic hypoventilation from decreased chest wall
compliance, aspiration pneumonia probably resulting from dysphagia, pul-
monary embolism secondary to thrombophlebitis, and immobility, DIC, and
pulmonary edema [10, 11, 13, 16, 18, 21, 36]. Approximately 20% of patients
require endotracheal intubation and respiratory support [9, 11]. Cardiovas-
cular complications include arrhythmia, myocardial infarction, cardiac arrest,
cardiovascular collapse, and phlebitis [3, 10, 11, 13, 18, 21]. Renal complications
include prerenal azotemia and renal failure [3, 9, 10, 13, 18, 21]. Renal failure is
generally the result of myoglobinuria from rhabdomyolysis and hemodynamic
factors [8, 11]. If death occurs, it is within 30 days [3, 21, 26]. Early reviews re-
ported a mortality rate between 11% and 30% in NMS [3, 8, 10, 11, 14, 26]. This
seems to be changing as the result of increased recognition of the syndrome
and early, more aggressive therapy.

Long-term sequelae have been reported in a number of patients recovering
from NMS and are of significant concern. Of those abnormalities described,
parkinsonism is the most frequent. It was observed in three patients followed
for 5 months [9] and in four others after 10 months [46]. In one study parkin-
sonism was only part of the residual syndrome but lasted up to 6 months
[45]. Other sequelae include permanent dystonia [8], tardive dyskinesia (oral-
buccal-lingual dyskinesia) lasting up to 6 months [46, 47], peripheral neuropa-
thy [48], and cerebellar degeneration due to hyperpyrexia [35, 49]. Several
patients have had anomia that lasted several weeks. In some it cleared [9]
while in others it did not [35]. One patient had a worsening of dementia that
lasted 3 months before the patient returned to baseline [9]. In two others, the
worsened dementia was still present after 10 months [46]. Caroff et al. [45]
reported five patients who had, as residual effects, catatonic signs lasting 1–6
months including stupor, coma, mutism, and rigidity. Two of three responded
to ECT. Should anoxia occur during an episode, complications such as memory
deficits and alterations in level of consciousness may be observed [8].

Several sequelae from orthopedic complications have also been reported.
One paper described a man who developed bilateral forearm compartment
syndromes as a result of the rhabdomyolysis that occurred with NMS [50].
After surgical intervention it took 2 years before full recovery was achieved.
Flexion contractures of upper or lower extremities may occur due to a bed-
ridden state and severe dystonia. Physical therapy and botulinum toxin injec-
tions have been utilized to treat these problems that may persist for months
or longer [51, 52].

Situations resulting in NMS (Table 8.4)

NMS was originally described in psychiatric patients treated with neurolep-
tics [1–3] It is now clear that this syndrome is not confined to psychiatric
patients only but can occur in any patient treated with neuroleptics [6, 53]. All
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Table 8.4 Situations resulting in NMS

Psychiatric patients (any diagnosis)
Treated with neuroleptic for the first time
Treated with a neuroleptic after a drug free period
Increase in neuroleptic dose or potency
Stable dose of neuroleptics accompanied by dehydration or metabolic disturbance
Sudden withdrawal of parkinsonian drugs (i.e., amantadine)

Nonpsychiatric, non-neurological patients
Treatment with neuroleptics for sedation, anxiety or sleep disturbance
Treatment with antiemetics (metoclopramide, prochlorperazine)
Cocaine abuse

Neurological disease
AIDS dementia treated with neuroleptics
Use of tetrabenazine in neurological disease
Parkinson’s disease

Sudden withdrawal of medications for
Drug holiday
Hospitalized patients
Patient decision due to side effects
Surgical patients
DBS patients

Medication adjustments
Treatment with neuroleptics – typical and atypical, or lithium
Off periods
Premenstrual

groups of neuroleptics have been associated with NMS, including phenoth-
iazines, butyrophenones, thioxanthenes, and atypical agents. The drugs most
commonly associated with this disorder are haloperidol and fluphenazine
alone or in combination with other neuroleptics [3, 9, 10, 13, 16, 18, 21, 36].
Levenson [11] has suggested that the high association with haloperidol may
be related to its frequent use. In most cases, serum levels are therapeutic and
not toxic, suggesting that this is not related to drug toxicity [13, 38, 54]. Despite
these findings, other studies have indicated that it still may be dose related
[9]. Allan and White [28] revealed a clear relationship between drug concen-
trations and NMS. In their case, signs improved as concentrations of urinary
fluphenazine metabolites decreased. In addition, duration of therapy does not
appear to be important. Neuroleptic potency may also play an important role
given the more frequent occurrence of NMS with more potent agents and de-
pot agents. Despite this, several cases have occurred in apparently susceptible
individuals with low doses or from low potency agents [50, 55].

Sixty percent of patients have a history of earlier uncomplicated neuroleptic
exposure before the onset of NMS [9]. The disorder usually occurs either when
patients are treated for the first time, when neuroleptics are reintroduced after
a drug-free interval, or if the dose is increased within a short time [3, 8, 9, 14].
The onset of NMS occurs within 24 hours of initiating the drug in more than
20% patients, within the first week in about 60% and within a month in nearly
all patients in whom it occurs [56]. In a small number of cases, NMS may
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develop while the patient receives a stable dose of neuroleptics [57]. In these
patients, it is possible that other risk factors such as agitation and dehydra-
tion may play an important role in the onset of the syndrome [9]. Psychiatric
patients are frequently given amantadine to treat or prevent extrapyramidal
side effects. In two reports, NMS occurred with cessation of this drug [58, 59].
An unusual picture is the apparent occurrence of NMS in psychiatric patients
who had their neuroleptics reduced abruptly or stopped [60, 61]. In these pa-
tients, the syndrome probably began before the drug doses were diminished
and continued to progress to a clearly recognizable stage after the drugs were
stopped [60].

Patients with any psychiatric diagnosis who are prescribed a neuroleptic
are at risk for NMS. Evaluation of psychiatric diagnoses preceding the onset
of NMS indicates that approximately 50% of patients have schizophrenia [8, 10,
11, 14]. Affective disorders have been reported less commonly in some studies
[14–18]; however, in a 6-year prospective study, two-thirds of the patients di-
agnosed had an underlying affective disorder [9]. Other psychiatric diagnoses
have included acute psychosis, atypical psychosis, brief reactive psychosis,
schizophreniform psychosis, paranoia, character disorder, and postpartum
psychosis [3, 8–11, 14, 62].

Finally, treatment with a combination of a neuroleptic and lithium may re-
sult in a more severe course of NMS [16, 46]. Lithium by itself does not cause
NMS. In the acute manic state of manic-depressive psychosis, neuroleptics are
frequently utilized in combination with lithium. Since lithium requires 5 to
10 days to become effective, neuroleptics are given for immediate ameliora-
tion of symptoms [46, 47]. In 1974, Cohen and Cohen [46] described a rare
“severe encephalopathic syndrome’’ in four patients treated with lithium and
haloperidol. Each patient experienced hyperpyrexia, mental status change,
and parkinsonian signs and symptoms. The syndrome described by Delay
and associates [1, 2] was not mentioned in the paper but the descriptions were
typical of NMS. In two cases, symptoms did not clear until lithium was dis-
continued. All patients suffered from long-term sequelae, most notably oral-
buccal-lingual dyskinesia. It was concluded that a “summative or synergistic
effect’’ between the two drugs caused the syndrome. Interestingly, Baastrup
et al. [63] reviewed the hospital records of 425 patients who had been treated
with that combination and found that none had developed a syndrome resem-
bling what Cohen and Cohen had described. Others have also argued against
such an interaction [16, 21, 64]. In fact, Donaldson et al. [65] indicate that all the
cases described by Cohen and Cohen were simply cases of severe lithium in-
toxication with persistent neurologic sequelae. My own interpretation of these
cases was that at least two of them experienced NMS and all four cases had se-
quelae of lithium-induced toxicity so that in at least two of them the syndrome
represented a combination of side effects of both drugs. Spring and Frankel [47]
reported a similar case caused by the same drug combination. They noted that
the syndrome was identical to NMS except for the residual dyskinesia. These
residual findings suggested that lithium may have enhanced the NMS. Since
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lithium can worsen drug-induced parkinsonism, cause a recurrence of tardive
dyskinesia, and decrease central dopaminergic transmission [66], it was felt
that lithium must be playing some enhancing role in NMS [47]. In particular,
it was felt that patients in the acute manic state were susceptible to NMS when
treated with this drug combination [47]. Since haloperidol alone can cause
NMS and tardive dyskinesia and since the lithium/haloperidol combination
is commonly utilized without adverse effects, it is not surprising that this role
for lithium has met with some resistance [16, 21, 47]. Currently, it is difficult
to prove whether or not any relationship between lithium and NMS actually
exists. Sachdev, in a case control study, did not find lithium to be a risk factor
for the development of NMS [67].

NMS can occur in anyone treated with neuroleptics. Several otherwise nor-
mal individuals receiving dopamine-blocking agents have developed this syn-
drome. Several examples follow. A patient treated with haloperidol presurgi-
cally to induce sedation experienced NMS after a single dose [68]. A single dose
of trimeprazine, a phenothiazine, utilized for sedation and pruritis, resulted in
fatal NMS in a normal child [69]. Metoclopramide, an antiemetic drug, has also
been reported to cause NMS [70, 71]. One patient seen personally was given a
low dose of phenothiazines for hiccups and developed NMS with significant
long term sequelae. Two patients developed NMS after autologous peripheral
blood stem cell transplantation for neoplastic conditions [53]. These patients
are frequently treated with neuroleptics in the peritransplant period.

NMS can occur in patients with various neurological diseases. Burke et al.
[4] first reported NMS in a patient with Huntington’s disease (HD) treated
with tetrabenazine, a dopamine-depleting agent, and alpha-methyl-tyrosine
in 1981. Since then two other HD patients have been reported to develop NMS
with tetrabenazine [72, 73]. The doses utilized ranged from 100 to 350 mg per
day and had been increased within weeks of the occurrence. Two of the cases
were rechallenged without incident. In all three patients the chorea from HD
disappeared when NMS occurred. Tetrabenazine causes NMS not only in HD
patients but in others as well. A patient given tetrabenazine to treat tardive
dystonia (history of psychosis and depression treated with thiothixene) de-
veloped NMS as well [40]. This patient was on a stable dose for years before
the syndrome began. Interestingly, the dystonia improved not just during the
time of NMS but for 8 months before returning to baseline. This syndrome has
not been reported with reserpine, another dopamine-depleting agent. How-
ever, tetrabenazine has dopamine receptor-blocking properties as well, and
this may be the cause of NMS when it occurs. This drug is not available in the
United States yet. That may explain the low frequency of occurrence of NMS.
When available, the treating physicians will need to be vigilant.

HIV-infected individuals represent a particularly high-risk group for NMS.
Several patients have been reported [74, 75] and they usually are diagnosed
with AIDS dementia. The NMS is frequently secondary to low-dose neuroleptic
therapy. These patients are either treated with neuroleptics because of disease-
related psychosis or other dopamine-blocking agents for nausea. The risk
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factors typical for NMS in psychiatric patients are similar in the HIV setting but
the prognosis seems to be worse, perhaps because of lack of recognition [75].
Patients with AIDS dementia appear to be more susceptible to extrapyramidal
syndromes from neuroleptics than non-HIV patients. This was confirmed by
Hriso et al. [76] who retrospectively reviewed the medical records of 31 AIDS
patients and 32 non-AIDS psychiatric patients, all of whom were treated with
neuroleptics. The AIDS patients had an estimated 2.4 times higher likelihood of
experiencing parkinsonism or dystonia. When only haloperidol therapy was
taken into account the number rose to 3.4 times. This occurred despite the use
of lower neuroleptic doses in the AIDS group. Current evidence supports the
notion that this increased susceptibility is due to selective vulnerability of the
basal ganglia and, in particular, the dopaminergic system to HIV infection [77–
80]. This is demonstrated by the occurrence de novo of parkinsonism in AIDS
patients and neuropsychological testing abnormalities similar to basal ganglia
disorders such as Huntington’s disease. Neuroimaging studies also demon-
strate abnormalities in the basal ganglia such as reduction of the basal ganglia
volume out of proportion to generalized atrophy on MRI, hypometabolism in
the basal ganglia by FDG PET, and abnormalities on proton MRI spectroscopy
such as decreased NAA/choline ratio in the lenticular nucleus [78, 80]. Patho-
logical studies provide further evidence for this phenomenon. Basal ganglia
bear the brunt of infection with the findings of multinucleated giant cells, mi-
croglial nodules, and HIV-infected microglia and macrophages being most
prominent in the caudate nucleus and putamen [78–80]. Other pathological
findings include a greater neuronal loss in the globus pallidus [81] and sub-
stantia nigra [78], high concentrations of structural envelop proteins gp41 and
gp120, core protein p24 and regulatory protein Tat of the HIV in the globus
pallidus, striatum, midbrain, thalamus, and dentate nucleus of the cerebellum
[78–80]. Finally, it has been shown that HIV RNA is not distributed uniformly
in the brain in patients with AIDS dementia. The basal ganglia represent one
region that is selectively infected by the HIV virus [82]. Thus, the increased sus-
ceptibility to neuroleptics likely relates to neuronal dysfunction and loss in the
basal ganglia, including substantia nigra, which, in turn, causes an increased
reaction to the dopamine receptor blockade caused by the neuroleptics and
increased risk of extrapyramidal syndromes including NMS.

Parkinson’s disease (PD) is a neurodegenerative disorder associated with
CNS dopamine depletion. Therefore, based on the hypothesis that NMS re-
lates to decreased dopaminergic activity, it is not surprising that we see this
disorder in PD patients. The syndrome seen in PD has been referred to by sev-
eral names. While it is often referred to as NMS, since it is usually not related
to neuroleptic therapy, others have used the terms neuroleptic malignant-like
syndrome (NMLS) [83–85], parkinsonism hyperpyrexia syndrome [86], lev-
odopa withdrawal hyperthermia, and lethal hyperthermia [87]. This disorder
in PD has the same features of typical NMS, both clinical and laboratory. In the
cases reported, the course has lasted 5 to 22 days. The situation that most com-
monly leads to NMS in PD is withdrawal of anti-PD medications as in a “drug
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holiday’’ [5, 30, 33, 83, 85, 88–90]. Drug holidays were utilized in the past to
treat psychosis and severe motor complications of PD. However, because of the
potentially severe consequences of this treatment strategy it is no longer (and
should not be) practiced. This phenomenon has not only been seen with com-
plete withdrawal of dopaminergic drugs but partial withdrawal as well. For
instance, one patient developed NMS when immediate release levodopa was
switched to controlled release and bromocriptine was tapered off from 40 mg
per day to zero in a few days [91] and another developed NMS when tolcapone
was stopped but levodopa was initially continued [90]. That patient worsened
when the levodopa was stopped as well. NMS has also been described in pa-
tients with schizophrenia and PD who were treated with neuroleptics without
adverse events but then discontinued antiparkinsonian medications, includ-
ing levodopa and amantadine [30, 92]. Although drug holidays are no longer
practiced there are still situations where anti-PD medications may be stopped
and thus there is increased risk for NMS. One situation involves hospitaliza-
tion for medical illness. It is not uncommon for medications to be held. Also,
patients who have surgical procedures will often have their medications held.
Since there is no injectable form of dopaminergic medication widely available
at present, many patients go days without treatment. Sometimes patients take
matters into their own hands and stop medications abruptly because of side ef-
fects. Patients need to be warned of the dangers of this practice. Some patients
with PD and hallucinations are treated with atypical antipsychotics [93], all
of which can cause NMS (see Chapter 11). Finally, subthalamic nucleus deep
brain stimulation is a new surgical treatment for fluctuating PD patients. Its
use has allowed for the decrease in daily levodopa dose. Some have suggested
being quite aggressive with this strategy [94]. This may represent an impor-
tant risk for NMS. NMS has also occurred in several patients who have not
stopped medications. NMS may occur during an “off’’ period in patients with
the “on/off’’ phenomenon [87]. An “off’’ period is pharmacologically similar
to medication withdrawal. In this particular patient mild episodes were occur-
ring over several years. On one occasion the episode was fatal in a period of
10 hours. One report described two premenstrual episodes in a patient with
unchanged medications [95] and there have been patients with episodes as-
sociated with hypernatremia and hyponatremia [96]. One patient had three
episodes associated with small increases in sodium (149 to 152). An NMS-like
syndrome was also described in parkinsonian patients treated with lithium for
“on/off’’ phenomenon [27], a treatment no longer utilized. There have been
several deaths associated with this disorder in PD [85, 87, 88] so care must be
taken when altering medications in PD patients. Fortunately, NMS is rare in
PD. It is important to keep in mind that NMS can occur under the same situa-
tions in other parkinsonian syndromes such as multiple system atrophy [97].

Recently, NMS has been reported in association with cocaine abuse [98, 99].
Kosten et al. [98] reported seven people who experienced a syndrome that
resulted in rapid death after cessation of acute intense cocaine abuse. Clinical
features included hyperthermia, delirium, and agitation followed by akinesia
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and various degrees of rigidity. In each case, respiratory failure and death en-
sued within hours. While cocaine bingeing is known to cause an agitation syn-
drome with hyperthermia, delirium, respiratory arrest, and death the rigidity
that characterizes NMS is usually absent with a few exceptions. However, this
syndrome most likely represents a form of NMS. It has been demonstrated
with ligand binding and autoradiographic methods that the dopamine system
is significantly affected. In these patients there is a decreased ability to clear
excess dopamine from the synapses and a reduction in the number of D2 re-
ceptors is found, particularly in the hypothalamus [99]. A similar syndrome
has been described with the 3,4-methylenedioxymethamphetamine (MDMA),
also known as ecstasy [100].

Differential diagnosis (Table 8.5)

There are a number of illnesses and syndromes that are characterized by fea-
tures similar to NMS. In the fully developed syndrome, these disorders can be
differentiated; however, in the early and very late stages, this may not be easy

Table 8.5 Differential diagnosis

Medical disorders
Infection (encephalitis, meningitis)
Post-infectious encephalomyelitis
Metabolic encephalopathy
Myocardial infarction
Drug allergy
Tetanus
Strychnine poisoning

Malignant hyperthermia
Heat stroke
Lethal catatonia
Other drug reactions

Central anticholinergic syndrome
Monoamine oxidase inhibitor intoxication and interactions with

Meperidine
Dextromethorphan
Tricyclic antidepressants
Selective serotonin reuptake inhibitors

Serotonin syndrome
Other neuroleptic induced movement disorders:

Parkinsonism
Acute dystonia
Tardive syndromes

Baclofen withdrawal
Methylphenidate intoxication
Benzodiazepine intoxication

Polymyositis
Brainstem stroke (locked in syndrome)
Wilson’s disease (acute dystonic form)
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[101]. Since NMS is potentially fatal, any situation in which this diagnosis is
considered warrants immediate attention.

Infection and other medical illnesses
A diagnosis of NMS is assured if other causes of febrile illness are ruled out.
Most important in the differential diagnosis is infection. While any infection
can result in elevation of temperature, central nervous system infection such
as encephalitis, meningitis, or meningoencephalitis can result in elevated tem-
perature, mental status changes, increases in muscle tone and autonomic fea-
tures [9, 10, 21, 24]. Infection may be viral, bacterial, or fungal in origin. Lumbar
puncture and CT scan are warranted in these patients. In many cases, antibiotic
therapy is instituted concomitantly with treatment for NMS. It is important to
keep in mind that NMS and infection may coexist. NMS predisposes patients
to infection because of dysphagia, respiratory complications, and immobility.
Infection may increase the risk of NMS [9]. Other considerations related to
infection include postinfectious encephalomyelitis and tetanus [10]. When NMS
arises after starting a new neuroleptic, another possibility to consider is drug
allergy [4, 9, 30]. In one study, 7 of 20 patients had a skin rash during develop-
ment of NMS [9]. Absence of eosinophilia and lack of a consistent relationship
between initiation of neuroleptics and the onset of the rash make it unlikely
that NMS is an allergic reaction [9, 30]. In either case, withdrawal of the of-
fending agent is necessary. Other medical illnesses to consider include diabetic
ketoacidosis, tetany, thyrotoxicosis, metabolic encephalopathies (renal or hepatic),
myocardial infarction (because of elevated CK), and strychnine poisoning [12, 102].

Malignant hyperthermia
Malignant hyperthermia (MH) is a myopathic disorder with varied inheritance
(autosomal dominant and recessive forms are reported) [4, 9, 10, 21, 30]. It gen-
erally occurs immediately after exposure to halogenated inhalation anesthesics
and depolarizing muscle relaxants, such as succinylcholine. Within minutes of
exposure, symptoms of hyperpyrexia, muscle rigidity, and changes in men-
tation occur. There is an associated elevation in CK and myoglobinurea. The
disorder is felt to be a peripheral nervous system disease resulting from an
abnormality of muscle membranes. In particular, there appears to be defec-
tive regulation of the transport of calcium in the sacroplasmic reticulum in
the presence of general anesthetic agents. MH occurs frequently in patients
who have other myopathic disorders such as muscular dystrophy, myotonic
dystrophy, and congenital myopathies. In addition, there is often a family his-
tory of anesthesia-associated MH and possibly death. In those at risk for MH,
there usually is an elevation in resting CK. In addition, relatives may also have
a high resting level of CK. MH is treated with dantrolene sodium, a muscle
relaxant that may inhibit the release of calcium ions from the sacroplasmic
reticulum [10]. Because of similarities in clinical features of MH and NMS,
a similar pathophysiological mechanism has been proposed. These disorders
are easily differentiated by the inciting situation.
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Heat stroke
Phenothiazines impair heat dissipation mechanisms by interrupting tempera-
ture regulation and inhibiting sweating, especially on hot humid days and in
association with exercise or agitation. This effect may relate to anticholinergic
and anti-alpha adrenergic effects [35]. The resulting syndrome is heat stroke.
This disorder manifests with hyperpyrexia, dry skin, a depressed level of con-
sciousness, seizures, and pallor associated with multiple organ dysfunction.
Muscle rigidity, profuse diaphoresis, and dyskinesias do not occur. The use of
anticholinergic drugs in combination with neuroleptics may increase the risk
of heat stroke, particularly in the elderly. This diagnosis should be considered
in the differential diagnosis of NMS since the etiologic agents may be the same
[4, 9, 10, 21, 30]. In either case, neuroleptics should be stopped and dehydration
addressed.

Lethal catatonia
NMS resembles the psychiatric disorder lethal catatonia (LC), which is also re-
ferred to as malignant catatonia, a rare catatonia variant. This disorder was
described in the 19th century (long before neuroleptics became available) and
has gone by many other names in the literature including Bell’s mania, mortal
catatonia, acute delirious mania, manic depressive exhaustion death, psychotic
exhaustion syndrome, delirium acutum, Scheid’s cyanotic syndrome, and per-
nicious catatonia [103, 104]. In 1934, Stauder [105] coined the term “lethal cata-
tonia’’ when describing 27 cases. In 1987, Kalinowsky felt a better term would
be “pernicious catatonia’’ because it was not uniformly fatal [106]. LC repre-
sents a syndrome that may occur in varying circumstances. It is most frequently
seen in association with psychiatric disorders such as depression, mania, and
psychosis (schizophrenia). In a small percentage (10–15%), it occurs in relation
to organic illness including infection, cerebrovascular disorders, tumors, head
injury, seizure disorders, and toxic-metabolic disorders [103].

Clinical features of LC occur in three phases [9, 10, 21, 30, 37, 103]. The
prodromal phase, which lasts approximately 2 weeks, is characterized by a
labile mood, insomnia, and anorexia. The second, hyperactive, phase is most
prominent. Intense motor excitement is characterized by violent destructive
behavior, unprovoked assaultiveness, and suicide attempts. There is usually
disorganization of thought, incoherent speech, hallucinations (visual and au-
ditory), and bizarre delusions. Patients also demonstrate the classic features
of catatonia including mutism, negativism, and rigidity and refuse nutrients.
Autonomic features have been reported in this phase. These include tachy-
cardia, diaphoresis, labile blood pressure, and cyanosis of extremities. Fever
up to 43.3◦C also emerges in this phase that lasts an average of 8 days but
may continue for weeks. The patients may also have laboratory abnormalities
such as elevated CK, elevated WBC, and in some cases reduced serum iron. In
the final phase, excitement gives way to exhaustion, electrolyte imbalance, ex-
treme hyperthermia, stupor, coma, and cardiovascular collapse. In this phase,
Stauder [105] described rigidity with bizarre posturing. This is not a common
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feature, and if rigidity is present, it is usually intermittent and alternates with
flaccidity. The final phase lasts 36 hours to 4 days before death, which occurs
in over 60% of the patients.

In the contemporary literature, this classic presentation is observed in ap-
proximately 70% of patients [103]. The other 30% present with a catatonic stu-
por without intense hyperactivity. In many of these patients, fever and rigid-
ity occur after initiation of neuroleptics, suggesting that these may be cases
of NMS in catatonic patients. Autopsy results in patients with LC have been
unrevealing [103]. The pathophysiology of LC is hypothesized to be similar to
NMS with abnormal dopaminergic transmission in mesolimbic/mesocortical
pathways, resulting in catatonia and in the hypothalamus causing fever. This
alteration occurs spontaneously and is not related to medications. The other
possibility is that there is a reduction in GABAergic activity [107]. Treatment of
choice in LC is electroconvulsive therapy (ECT) and benzodiazepines. Contro-
versy surrounds the use or withdrawal of neuroleptics. Mann and associates
[103] suggest that withdrawal of these medications is the best route to take.
Finally, corticosteroids and ACTH have been utilized with some success.

Controversy surrounds whether LC and NMS are different entities. Some
authors claim that NMS and LC may have very similar clinical features but are
actually different disorders [9, 10, 21, 56], while others feel they may actually
be the same disorder [107–111]. Mann and associates [103, 112] suggest that
NMS might be viewed as a “neuroleptic-induced toxic or iatrogenic form of
organic lethal catatonia.’’ Similarities include fever, stupor, coma, rigidity, re-
sponse to ECT, and laboratory abnormalities including low-serum iron levels.
These similarities have suggested to some authors that the pathophysiology is
the same and therefore the disease is the same [107, 110]. If these two entities
were both forms of catatonia then one might consider that NMS actually does
not exist. Similar arguments have surrounded tardive dyskinesia and have yet
to be proven. It would seem that the enormous literature on NMS suggests
otherwise. Furthermore, it is very possible that the recognition of NMS as a
specific disorder related to neuroleptic therapy may have been delayed be-
cause of consideration that it was simply another form of catatonia associated
with the subjects’ psychiatric disease. For other investigators the differences
are more conspicuous and can allow for differentiation on a clinical basis [56,
104]. LC does not occur in relation to neuroleptic therapy. And catatonia is not
considered an essential feature of NMS and is not seen in all cases. In particu-
lar, it is not seen in nonpsychiatric patients who develop the syndrome. While
mutism and akinesia are thought to be catatonic features in NMS the more
distinctive features are not usually seen [56]. The extrapyramidal features of
NMS are not usually seen in LC. When seen in the early stages, LC is easily
distinguished from NMS since it is a syndrome of hyperactivity and resulting
exhaustion and not a drug reaction. Although hyperactivity may be a risk fac-
tor in NMS, it is not as constant a feature and does not reach the extremes of
that seen in LC. Some investigators [56, 112] suggest using the time of onset
of hyperpyrexia to differentiate “classic’’ LC from NMS. In NMS, fever does
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not occur during excitement but afterward when the typical features emerge
after neuroleptic therapy is initiated. In LC, hyperthermia starts in the excite-
ment phase and progresses relentlessly. Treatment of the two syndromes is
different indicating that the primary pathophysiological mechanisms are dif-
ferent. Although ECT may be useful in treating NMS, it is not the treatment
of choice. NMS does not respond uniformly to benzodiazepines and LC has
rarely been reported to respond to dopamine agonists or dantrolene. Finally,
death rates are substantially higher in LC than NMS. It is when LC is seen in
its final stage, resembling any “near-death acute confusional state,’’ without
clear history, and in the presence of neuroleptic therapy, that differentiation
from NMS is difficult [104]. It may be that the similarities relate to the fact that
LC and NMS overlap because LC is a risk factor for the development of NMS
when neuroleptics are utilized (see risk factors) [110].

Other drug reactions
Adverse reactions to nonneuroleptic psychotropic medications may be sim-
ilar to NMS, some of which have been termed “neuroleptic-like malignant’’
syndrome or “nonneuroleptic malignant’’ syndrome. The differential of these
syndromes may be impossible since patients are frequently treated with mul-
tiple drugs. Patients may also have combined syndromes when treated with
multiple medications [46, 113]. A central anticholinergic syndrome often results in
confusion, mild temperature elevation, dry flushed skin, dry mouth, dilated
pupils, decreased bowel sounds, and urinary retention. Superficially, this may
appear similar to NMS; however, in NMS, there is diaphoresis and no change in
pupillary function or dry mouth. In addition, anticholinergic toxicity does not
result in rigidity or CK elevation [9, 21]. Monoamine oxidase (MAO) inhibitors by
themselves or in combination with other monaminergic medications may re-
sult in a toxic syndrome of agitation, delirium, hyperpyrexia, convulsions, and
hypertension [21, 102]. These symptoms may take up to 12 hours to develop.
The concurrent administration of meperidine, dextromethorphan, or tricyclic
antidepressants and monoamine oxidase inhibitors results in agitation, delir-
ium, hypotension, hyperpyrexia, and even death. In none of these cases have
patients been rigid nor have they had elevation of CK. Additional cases have
been reported with zopiclone, a benzodiazepine [114], methylphenidate [115],
and abrupt withdrawal of baclofen [116].

The serotonin syndrome closely resembles NMS but is caused by SSRIs or
other drugs that increase brain serotonin levels. Its similarity to NMS may
not be a surprise since serotonin acts to decrease dopamine levels in the
brain. It generally occurs with a variety of combinations of medications but
most commonly with antidepressants (tricyclics or SSRIs) in combination with
nonselective MAO inhibitors. The syndrome may have onset hours to days af-
ter initiation of the combined therapy or after an increase in dose of either
agent. The clinical features include motor symptoms, mental status change,
and autonomic dysfunction. The motor symptoms are movement disorders,
particularly myoclonus and tremor, muscle rigidity, hyperreflexia. The mental
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status changes include agitation, confusion, disorientation, and restlessness.
Finally, autonomic instability manifests itself as low-grade fever, nausea, diar-
rhea, headache, shivering, flushing, diaphoresis, tachycardia, tachypnea, blood
pressure change, and pupillary dilatation [117]. Laboratory changes are usually
nonspecific but can involve small increases in creatine kinase and white blood
cell count. Rarely, the syndrome can be associated with high fevers, seizures,
oculogyric crisis, opisthotonus, and Babinski signs. Death may ensue because
of DIC, myoglobinuria with renal failure, and cardiac arrhythmias. Diagnos-
tic criteria for this syndrome have been recommended [118]. They include
(1) recent increase or addition of known serotonergic agent to an established
regimen; (2) at least three of the following: mental status change, agitation,
myoclonus, hyperreflexia, diaphoresis, shivering, tremor, diarrhea, incoordi-
nation, fever; (3) no other possible etiologies are found; and (4) no addition or
change in neuroleptics.

The cause of the serotonin syndrome is related to an excess of serotonin at
5HT1A and 5HT2 receptors and this has been demonstrated in animal models
[117, 118]. The treatment involves withdrawal of the causative agents and usu-
ally the syndrome will resolve over hours to days. Patients should be closely
observed until resolution and supportive measures may be given if needed
including antipyretics, and IV fluids. On rare occasions patients will require
treatment for myoclonus with clonazepam, lorazepam, or anticholinergics.
Antiserotonergic medications such as cyproheptadine, methylsergide, or pro-
pranolol are helpful.

There has been some question about the association of the serotonin syn-
drome with the use of antidepressants combined with selegiline in PD patients.
The package insert for selegiline contains a warning. This issue has been stud-
ied in some detail [119] and it has been found that 0.24% of PD patients treated
with this combination have symptoms possibly consistent with this syndrome
and 0.04% of patients had a serious disorder. There have been no deaths in
PD patients. None of the PD patients treated with this combination experi-
enced myoclonus, a key feature of the disorder. Fluoxetine may inhibit the
metabolism of selegiline therefore leading to accumulation of the drug and
loss of MAO-B selectivity. Since serotonin is mainly metabolized by MAO-A
it is this scenario that probably leads to symptoms in those patients experienc-
ing the adverse event. Thus, because the syndrome is so rare in PD, in some
patients the benefit might outweigh the risks in utilizing this combination of
medications.

Other syndromes
Other syndromes inducing increased muscle tone, akinesia, dyskinesia, and
elevations in CK can be differentiated from NMS on the basis of the history
and physical findings. These include neuroleptic-induced parkinsonism, acute dys-
tonic reactions, tardive dyskinesia/dystonia, and combined drug-induced extrapyra-
midal syndromes [11, 120, 121] Polymyositis and brain stem infarction resulting in a
“locked in’’ syndrome might also be considered. Finally, the rare acute dystonic



192 Chapter 8

form of Wilson’s disease, which occurs preterminally and is characterized by
dystonia, rigidity, fever, and rapid emaciation should be considered. One case
has been reported with elevated serum CK. This disorder may be difficult to
differentiate from NMS, particularly if the diagnosis of Wilson’s disease is not
known [122].

Epidemiology

The incidence of NMS is not known but it is rare. A number of publications
(reviews, retrospective and prospective studies) have reported that the inci-
dence ranges from 0.01% to greater than 2% in those treated with neuroleptics
[3, 8, 12, 21, 57, 123–125]. However, the three separate prospective evaluations
since 1987 have reported frequencies below 1% [57, 123, 125]. Keck et al. [123]
diagnosed six cases in an acute care hospital setting from 679 patients treated
with neuroleptics over an 18-month period. This suggests an incidence of 0.9%
(±0.3%). Friedman and associates [57] diagnosed one case of NMS from 495
patients treated with neuroleptics in a state hospital over a 6-month period.
This finding indicates a frequency of 0.2%. Finally, Gelenberg and associates
[125] examined the incidence of NMS in a short-term psychiatric hospital over
1 year. Of 1470 patients treated with neuroleptics, NMS was diagnosed in one
patient. This indicates an incidence of 0.07% (95% confidence interval 0.007–
0.4%). Reasons for a lower incidence in this hospital were thought to be related
to the short stay of patients, use of modest doses of neuroleptics, and fewer
false-positive diagnoses of NMS. Since prospective analyses lack the method-
ological flaws of retrospective studies, it is likely that an incidence of <1% is
accurate for the hospital setting and the figure is probably much lower in those
treated as outpatients. In all studies, only psychiatric patients treated with neu-
roleptics were evaluated. The frequency of NMS in other at-risk groups has
not been examined. It is expected that, with increased use of atypical agents,
the frequency will drop further.

A number of reviews of case reports indicate that there may be a male pre-
dominance in this disorder, with a ratio of approximately 2:1 (male:female)
[3, 8, 11, 14, 18]. It is unclear whether these findings suggest a true increased
susceptibility in males. Alternatively, there may be a predominance of male
subjects in populations treated with neuroleptics, or males may require treat-
ment with higher doses of more potent neuroleptics more often than females.
In one prospective study of 20 consecutive patients with this disorder seen over
6 years, the male-to-female ratio was the opposite, 1:2 [9]. Although Caroff [3]
initially reported a higher incidence in young patients, age of onset has been
shown to vary from 1 to 92 years [8, 9, 14, 57].

Pathogenesis and pathology

The pathogenesis of NMS is not completely understood. It is generally ac-
cepted that alterations in dopaminergic transmission in the central nervous
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system associated with drug therapy are the most important mechanism. Ab-
normalities in muscle membrane function, changes in peripheral and central
sympathetic outflow, and alterations in central serotonin metabolism have also
been implicated. It is possible that all mechanisms simultaneously play a role
in the development of this disorder.

Central dopaminergic systems
That central dopaminergic mechanisms are important in the pathogenesis of
NMS is strongly suggested by a number of clinical observations. These in-
clude the situations in which the disorder arises [6], signs and symptoms [54],
and the response to dopamine replacement or dopamine agonist therapy. The
treatment situations that result in NMS all have one feature in common: a de-
crease in central dopaminergic transmission. Neuroleptics, clozapine, meto-
clopramide, and tetrabenazine all act by blocking central dopamine receptors
[126]. Those agents with the strongest ability to block dopamine receptors are
most commonly associated with NMS, further emphasizing that this feature is
important [21]. Tetrabenazine and alpha methyltyrosine are central dopamine
depletors that can cause NMS [4, 40, 72, 73]. Withdrawal of dopaminergic
agents in PD and sudden “off’’ periods also result in a decrease in dopaminer-
gic activity [5, 85, 87, 88]. Cocaine blocks dopamine reuptake in the synapse.
As a result, there is an initial increase in dopaminergic activity in the synapse;
however, continuous use ultimately leads to depletion of dopamine in the
presynaptic neurons and secondary receptor changes. With a sudden cessa-
tion of cocaine use, a relative decrease in postsynaptic dopamine availability
occurs [98].

Many of the clinical features of NMS can be readily explained by central
dopaminergic blockade [36]. Rigidity, akinesia, and dyskinesias are most prob-
ably the result of nigrostriatal dopamine pathway interruption [13, 16, 30, 33].
Many of these features are seen in PD, which is a disease with known cen-
tral dopamine deficiency. The role of dopamine in thermal regulation is well
known [127, 128]. These dopamine pathways are probably within the hypotha-
lamus [4, 13, 16, 28, 30, 33]. The preoptic area and anterior hypothalamus are
particularly concerned with thermal detection, and dopamine receptors have
been located in this region [98]. Two types of thermosensitive cells are present;
warm sensitive (which activate cold effectors to lower body temperature) and
cold sensitive ( which activate heat effectors to raise body temperature). Acti-
vation of one is associated with inhibition of the other under normal circum-
stances, a coordinated response [128]. The posterior hypothalamus is more
involved with the generation of effector signals [30, 33]. The thermosensitive
neurons respond to local changes in blood temperature as well as to afferent in-
formation from peripheral thermosensors. Dopamine and dopamine agonists
modulate hypothalamic temperature regulation while dopamine receptor an-
tagonists block this ability [4, 33]. Hashimoto et al. [54] reported increased
levels of prolactin in NMS, which decreased as the serum neuroleptic lev-
els did. Prolactin levels are regulated by hypothalamic-pituitary dopamine
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systems with a decrease in dopaminergic transmission resulting in increases
in prolactin. Ansseau et al. [129] reported that apomorphine failed to elicit an
adequate growth hormone response in a patient with NMS. These findings in-
dicate that the hypothalamic dopamine system is altered in NMS. Interruption
of other dopamine systems may explain mental status changes and autonomic
dysfunction including fever [16]. Gurrera and Chang [128] postulated that the
hyperthermia of NMS might occur from two possible sources, central or pe-
ripheral. Either the hypothalamus signals the body to raise temperature as
a reaction to the dopamine blockade of the neuroleptic, or an excessive heat
load is perceived by the hypothalamus emanating from the increased mus-
cle rigidity and metabolism. They retrospectively studied 46 episodes in 36
patients to try and answer which one of the mechanisms is in play based on
the associations of cold and warm effector symptoms and hyperthermia. They
examined the clinical features that would indicate a cold or heat response and
associated them with the febrile response. For instance, pallor, which would
be associated with a low temperature state, was common with hyperthermia
of NMS. Thus, they found that cold and heat effectors are activated simultane-
ously in an uncoordinated fashion. Based on these findings it is not possible to
decipher which mechanism is the primary cause. However, such unpredicted
symptoms as pallor may relate to other pharmacological effects of the drugs
such as anticholinergic properties. So the current prevailing hypothesis now
is a central effect. Further evidence that NMS is the result of a decrease in cen-
tral dopaminergic activity derives from its response to dopaminergic agents.
Bromocriptine, levodopa, amantadine and others have all been found to be
very useful in the treatment of NMS.

Cerebrospinal fluid studies of homovanillic acid (HVA) concentrations (the
principal metabolite of dopamine) also support the hypothesis that NMS is
related to altered central dopaminergic transmission. Results of studies have
varied, but the most common finding has been a decrease in HVA concentra-
tions during NMS. These results suggest a decrease in dopamine metabolism.
Nisijima and Ishiguro [130] reported these findings in eight patients who were
compared to 10 normal controls. Verhoeven et al. [131] and Nisijima et al. [132]
reported similar findings in single cases of NMS. It was suggested that the
decreased metabolism was due to abnormal sensitivity of presynaptic autore-
ceptors. Ansseau et al. [129] reported a slightly elevated HVA concentration in
one patient while Granato and associates [133] reported normal HVA concen-
trations in another. The reasons for these discrepancies are unclear but may
be related to the timing of lumbar puncture, number of milliliters of fluid
removed, and previous or concurrent therapy. One group [131] noted that
HVA levels returned to normal with bromocriptine therapy. Another [130]
found that lower levels of HVA continued 14 to 121 days after recovery from
NMS. The significance of these findings is not clear. In PD, Ueda et al. [84]
compared CSF HVA levels in patients who developed NMS (n = 9) and those
who did not (n = 12) when parkinsonian drugs were withdrawn. They looked
at levels in the unmedicated and remedicated state. It was found that those
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who developed NMS had significantly lower levels in both states supporting
the notion that dopamine systems played a major role in the development of
these symptoms. There was no difference in metabolites of serotonin or nore-
pinephrine. They also found that low-serum HVA levels at baseline were an
independent predictor of the occurrence of the NMS, further supporting the
dopamine hypothesis [84].

In a single case, Jauss et al. [134] utilized [123I] iodobenzamide SPECT to ex-
amine dopamine receptor occupancy in NMS. Serial studies were performed.
In the acute phase there was complete absence of binding. With time there was
increased ligand binding that correlated with changes in extrapyramidal signs.
Thus, this represents additional evidence of the involvement of dopamine sys-
tems in NMS. This study also demonstrated that receptor binding could be
affected long after the serum drug level reaches zero.

A definite pathological lesion has not been identified in NMS. In two reports,
anterior hypothalamic abnormalities were described. Jones et al. [135] de-
scribed tiny parenchymal hemorrhages and perivascular hemorrhage within
the hypothalamus. In addition, tiny foci of acute ischemia were seen in the
globus pallidus, internal capsule, and lateral corpus collosum. Horn et al. [136]
found bilateral foci of pyknosis and disintegration of neurons and spongi-
ness within the anterior and lateral hypothalamic areas and the tuberal nuclei.
Less severe changes were seen in the ventral medial hypothalamic nucleus.
Scattered petechial hemorrhages were also present in the periventricular gray
matter of the anterior and posterior hypothalamus. The basal ganglia was not
involved. The cerebral cortex had widespread small foci of nuclear pyknosis
and increased cytoplasmic acidophilia, with vacuolation and disintegration of
neurons. The normal brain has also been described [38], and in patients with
PD and NMS, autopsy findings have been typical of PD with no additional
pathological changes [87, 88].

Muscle
NMS and MH share the clinical features of hyperthermia, muscle rigidity, and
elevations in CK. It has been suggested that these two disorders may share
pathophysiology as well [135, 137]. The symptoms and signs of MH result
from defective membrane regulation of the transport of calcium in the pres-
ence of particular general anesthetics. Therefore, MH is considered to be a
primary disorder of muscle. Despite overwhelming evidence that NMS is the
result of disruption of the central nervous system dopaminergic pathways,
muscle abnormalities similar to those seen in MH may exist [13, 135]. In order
to explore this possibility, muscle from patients with NMS has been studied by
examining halothane- and caffeine-induced contraction of muscle fibers and
by pathological evaluation. A screening procedure utilized for MH involves
exposing muscle biopsy specimens to various concentrations of halothane and
caffeine. Those at risk for MH have strong muscle contractions with small
concentrations of these agents. The contractions are the result of changes in
permeability and a sudden rise in intracellular calcium. Using muscle strips,
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Caroff et al. [137] found muscle from a patient with NMS to be as sensitive
to halothane as muscle from MH would be. In single-fiber studies, Araki
et al. [138] observed that six of eight NMS patients had increased sensitivity to
caffeine. It should be noted that neuroleptics can interfere with sarcoplasmic
reticulum function in pharmacological concentrations by causing release of
calcium in a manner similar to that of caffeine and halothane. Muscle strips
from an NMS patient tested with fluphenazine demonstrated increased con-
traction and an increase in the release of calcium [137]. Muscle from patients
with MH did not respond in the same manner. Muscle from patients with NMS
and MH appear to be oversensitive to agents that cause muscle contraction.
The role of this feature in muscle rigidity of NMS remains to be clarified.

Pathological studies have also supported the role of direct muscle involve-
ment. In one study, [138] type IIB atrophy was seen in six cases of NMS. Electron
microscopy demonstrated glycogen particles accumulated in intermyofibril-
lar spaces in all examined muscles and mitochondria were either disrupted
or were shown to have inner membrane and cristae swelling. In another re-
port [135] increased muscle fiber size, which was “myopathic’’ in appearance,
and acute disseminated segmental necrosis with regeneration and occasional
multivacuolated fibers was observed. Finally, Behan et al. [139] described dif-
ferent muscle pathology in three presumed cases of NMS. One of the problems
with the paper was inadequate clinical data to confirm the diagnosis. Only their
case 1 appeared to demonstrate the typical features of NMS. Nevertheless, they
described focal edema of the fibers with vacuolation and, in some instances,
necrosis. This was associated with endomysial edema, contraction bands, and
ringbinden (one fiber wrapped around another). This pathology affected both
fiber types with no inflammation. Lipid and glycogen were normal as was
the morphology of mitochondria. Normal muscle biopsy in NMS has also
been described in a psychiatric patient [38], one parkinsonian patient [88], and
a patient with Huntington’s disease [4]. Despite clinical, pathophysiological,
and pathological similarities, NMS and MH are distinct disorders. In NMS,
many of the features are the result of abnormalities in the central nervous
system while all features of MH are the result of peripheral myopathic dis-
turbances. The situations resulting in MH and NMS are distinct. In addition,
the clinical course of the two disorders differs. Following a short exposure to
anesthetic agents, MH has an explosive onset reaching a plateau in hours. In
NMS, onset can occur anywhere from hours to weeks after changes in neu-
roleptic medication, and may even occur at stable doses. NMS progresses
less rapidly, reaching a plateau in about 3 days. The mortality rate of MH
is approximately 70% while in NMS, early estimates were 20% [3]. In NMS,
diazepam, curare, and pancurium result in muscle flaccidity while this does
not occur in MH [13, 21, 36, 38]. MH does not seem to occur in patients with
a history of NMS or in their families [4, 64, 140, 141]. It seems that some ab-
normality of muscle may be present in NMS. Whether or not this abnormality
causes some features of NMS or is the result of NMS or neuroleptic therapy is
unclear.
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Peripheral and central sympathetic systems
Some features of NMS may be the result of interruption of the sympathoad-
renomedullary system [142]. In one case, urinary and plasma catecholamines
were increased during an episode of NMS. After the patient recovered, the
catecholamine levels returned to normal. This abnormality may play an im-
portant role in autonomic dysfunction in this disorder. The reason for this
increase in turnover of catecholamine in the adrenal medulla is unclear; how-
ever, dopamine receptors are present in the adrenal gland [143] and blockade
of these receptors may be important. There is also evidence suggesting that
central sympathetic function is affected. In one report [130], noradrenalin con-
centrations in CSF were increased during an episode of NMS and returned to
normal with recovery. In addition, a clonidine challenge test, which assesses
central alpha noradrenergic receptor sensitivity, failed to generate an adequate
response [129]. Gurrera [144] hypothesized that there was disruption of in-
hibitory effects on the sympathetic nervous system and that this hyperactivity
led to uncoordinated sympathetic activity. This, in turn, led to increased muscle
tone and metabolism, unregulated vasomotor activity, labile blood pressure,
flushing, and pallor. The significance of these abnormalities in the pathophys-
iology of NMS remains to be proven.

Central serotonergic system
The concentration of 5-HIAA (the principal serotonin metabolite) was dimin-
ished in the CSF of eight patients during an NMS episode in one report [130]
and one patient in another [132]. While this might suggest alteration in sero-
tonin systems the significance of this finding remains unclear.

Risk factors

Decreased dopaminergic transmission is a necessary condition for the occur-
rence of NMS. However, there are other factors that may result in an increase
in susceptibility. In a number of reports, physical exhaustion and dehydration
were frequently present in patients prior to the onset of NMS [9, 21, 36, 92].
Evidence of the importance of dehydration is found in a description of four
patients in whom NMS occurred despite stable doses of neuroleptics. Each
of these patients became dehydrated just before the onset of the disorder [9].
Hyponatremia [145, 146], hypokalemia, thyrotoxicosis, and hypothyroidism
[147] have also been considered as factors that might increase the risk of NMS.
In a case-control study of 18 patients, Keck et al. [148] found that psychomotor
agitation prior to NMS was important. In addition, those patients with higher
total mean and maximal doses of neuroleptics, those with a greater number of
IM injections, and those with increasing doses were all at significantly higher
risk for NMS. Sachdev et al. [67] reported a similar study of 25 cases, each
matched with two cases for age, gender, psychiatric diagnosis, and time and
place of admission. Their results were similar. NMS was more likely to occur in
patients who were agitated, dehydrated, often needed restraint or seclusion,
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and received large doses of neuroleptics initially and over several days. Drug
potency did not emerge as an important factor. In addition, a history of ECT was
found to be a risk factor. The implications of this finding are unclear, especially
since ECT has been found to a potentially effective treatment of the syndrome.
Finally, a third case-control study by Berardi et al. [149] examined 12 patients
during an NMS event and compared them to 24 matched patients. Significant
differences were similar to the other studies including psychomotor agitation
(usually severe, sometimes violent), confusion, disorganization, neuroleptic
dose increase in prior 5 days, and mean and maximum doses. However, there
were some additional factors such as catatonia, parkinsonism, and akathisia
prior to the onset of NMS that represented risks for its occurrence. The catato-
nia varied in its features from acute excitement to stupor with other features
including mutism, rigidity, and withdrawal. Parenteral administration of the
neuroleptics was a risk. The potency of neuroleptics again was not.

While decreased serum iron levels have been associated with NMS, some
authors have indicated that a low serum iron level prior to the onset of NMS
may itself represent a risk factor. It has been noted that some patients with an
excited form of catatonia have low iron levels and that they are at increased
risk of developing NMS if neuroleptics are used as therapy. Lee [110] mea-
sured serum iron levels in 39 catatonic episodes and in 17 episodes the level
was reduced. Post-resolution it returned to normal in 16 episodes. Sixty per-
cent of those patients with low serum iron had excited catatonia while this
was the case in 23% of those with normal iron levels. Seven subjects in the
low iron group had symptoms suggestive of LC while this was true in none
of those with normal serum iron. Five were treated with neuroleptics and all
developed NMS. None of the subjects with normal iron developed NMS with
neuroleptic therapy. However, they were responsive to benzodiazepines and
thus may not have required the rapidly escalating dose used in benzodiazepine
nonresponders. Statistically, those with low iron were more likely to have LC,
were less likely to respond to benzodiazepines, and more likely to have excited
agitated symptoms. Thus, those patients with excited catatonia or, more specif-
ically, LC and a low serum iron level are probably at greater risk of developing
NMS when exposed to neuroleptics [110]. Low serum iron alone is not a risk
since those with simple retarded catatonia and low iron did not develop NMS
when neuroleptics were given.

Another possible risk factor for the development of NMS is being in the
early postpartum period. Alexander et al. [150], in a prospective study of all
NMS cases over 30 months, diagnosed 11 patients with NMS, three of whom
were in the postpartum period. All had depressive episodes and were treated
with low doses of neuroleptics. A confounding finding is that all three had
agitation and electrolyte imbalance. An additional study examined 900 women
treated with neuroleptics prospectively over a 5-year period [151]. Sixty five
had postpartum psychiatric disorders and 6.3% (4 patients) developed NMS.
These patients were treated with fairly high doses in the first few days after
childbirth. Both studies suggest that a state-dependent vulnerability occurs in
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the postpartum period and that caution is required when treating such patients
with neuroleptics.

The clinical situation that seems most likely to predispose to NMS appears
to exist in a patient with significant psychomotor agitation, perhaps catatonic
excitement, dehydration, physical exhaustion, mild hyperthermia, and early
onset of EPS, who is then treated with large and rapidly escalating doses of IM
(or oral) dopamine antagonist drugs. Careful monitoring for the symptoms of
NMS is important in these cases. It has been suggested that, in this situation,
treatment with lower doses of neuroleptics and the use of diazepam, carba-
mazepine, verapamil, and electroconvulsive shock therapy might prevent the
onset of this potentially fatal disorder [148].

In the original description of NMS [1, 2], it was thought that this disorder
would “supervene selectively in brain-damaged subjects. . . .’’ Some evidence
to support this concept has been presented [3, 9]. Rosebush et al. [9] found that
42% of 20 consecutive patients with NMS had another form of brain pathology.
Other reviews, however, have not indicated that this is an important risk factor
[8, 14, 67]. One other possible risk factor is the presence of acute infectious en-
cephalitis. Caroff et al. [152] reported five patients who developed psychiatric
symptoms due to acute viral encephalitis and then developed NMS from the
neuroleptics prescribed. They all developed the characteristic extrapyramidal
features and mental status changes after neuroleptics were instituted as well as
escalating hyperthermia. All had CSF confirmation of viral encephalitis. Acute
symptoms resolved within days of stopping the neuroleptics but cognitive se-
quelae were noted for up to a year. The authors used these cases as examples
to support a strong association between encephalitis and NMS. Neuroleptics
need to be used with caution in patients with infectious encephalitis.

Genetic risk factors have also been sought. Considering the apparent in-
volvement of dopaminergic and serotonergic systems several groups have
pursued associations of NMS and polymorphisms in various receptor types.
One study examining 5HT receptor genes found no association between
the occurrence of NMS and 5HT1A and 5HT2A polymorphisms [153]. On
the other hand, another group of investigators did find an association be-
tween NMS and the TaqI A1 polymorphism of the dopamine D2 receptor
gene [154]. This polymorphism alters the density and function of D2 recep-
tors and may predispose patients to the development of NMS. Further studies
to confirm this are needed. Other negative associations have been with the
CYP2D6 [155, 156] and with RYR1 gene that has been associated with malignant
hyperthermia [157].

In PD, one study examined potential risk factors for the NMS seen with
medication withdrawal [83]. The authors compared PD patients admitted to
the hospital who experienced NMS (n = 11) to those who never did (n = 87).
They found that those with NMS had more severe disease, were on higher
doses of levodopa and significantly lower CSF levels of homovanillic acid.
The CSF HVA levels independently increased the risk of NMS by a factor of
three. There was no significant difference with regard to CSF norepinephrine
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or serotonin metabolites. Other possible risk factors in PD are the presence of
neuropsychiatric complications, motor fluctuations and dehydration.

Treatment

The diagnosis of NMS requires a high index of suspicion in appropriate situ-
ations. Early recognition and intervention are the keys to patient survival [56,
158]. If the diagnosis is suspected, treatment should be initiated immediately
and aggressively. In those patients on neuroleptics, initial supportive steps
include stopping the offending agent, treatment of dehydration with IV flu-
ids, mechanical cooling for fever, correction of metabolic abnormalities, and
support for renal, pulmonary, or cardiovascular complications including pre-
ventative measures for thrombophlebitis. The mortality rate of 20% reported
in 1980 [3] was probably the result of late recognition and treatment with sup-
portive measures only. When it occurs, mortality is likely due to the prolonged
duration of symptoms [133]. Further steps are needed to shorten the duration
of the clinical course and improve survival.

Although antiparkinsonian agents were recommended for therapy in the
1960s it was not until 1983 that drug therapy was utilized regularly. There
have been no controlled therapeutic trials because of the rare occurrence of
the syndrome and potentially lethal outcome. All data are based on case re-
ports. Nevertheless, there are data to support the use of some of these agents.
The two most frequently used drugs are bromocriptine [7, 18, 32, 59, 159,
160] and dantrolene sodium [21, 24, 31, 162–165] or a combination of the two
[32, 59, 133]. In a review of 67 cases [18], 56 cases were treated with dantro-
lene, bromocriptine, or a combination and the mortality rate dropped to 5%.
Early treatment with these drugs can shorten the course of NMS compared
to supportive care alone [18] and improve the outcome. An additional study
reviewing reported cases also demonstrated a reduction of mortality by over
50% with bromocriptine and/or dantroline compared to supportive care [164].
Dantrolene sodium, a muscle relaxant, was first utilized in NMS because of
therapeutic success in MH and its ability to inhibit muscle contraction and heat
production. It has the advantage of being available in a parenteral form. Sug-
gested doses of intravenous dantrolene are 2 to 3 mg per kg three or four times
a day for a total of approximately 10 mg per kg per day. Higher doses may
result in hepatotoxicity. Oral doses of 50 to 600 mg per day have been recom-
mended [21, 24, 165]. Bromocriptine, a direct dopamine receptor agonist, was
utilized because of the apparent central dopaminergic abnormalities in NMS.
First used successfully in 1983 [7, 160], it is now considered the treatment of
choice in those patients in whom oral medications can be administered. The
initial dose should be 2.5 mg t.i.d. with increasing increments of 2.5 mg t.i.d.
every 24 hours until a response is seen. A total daily dose as high as 60 mg
per day has been administered [133]. Despite the ability of this drug to induce
psychosis, in this situation, it appears that it is well tolerated in both psychi-
atric and nonpsychiatric patients. Return to the original psychiatric state is
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related to improvement of NMS and not treatment with bromocriptine [161].
It has been recommended that in patients who cannot swallow, intravenous
dantrolene should be started and bromocriptine could replace it as the patient
improves [24]. Others have suggested using dantrolene and bromocriptine
in combination since they address different pathophysiological aspects of the
disorder [32, 59, 133]. It is believed that dantrolene would diminish CK lev-
els and fever while bromocriptine would improve the extrapyramidal aspects
and mental status changes. Dhib-Jalhut et al. [32]. have pointed out that in
those treated with only supportive measures, it may take 14 days for the CK
to begin to drop, 4–17 days for fever to decrease, and perhaps weeks for im-
provement in rigidity, with the entire syndrome lasting several weeks. With
bromocriptine or combined bromocriptine and dantrolene, the CK dropped
in 48 hours, fever diminished in 24 hours, rigidity diminished in 48 hours to
4 days, and autonomic changes reversed in 24 to 72 hours. The whole episode
may resolve in a week. If the syndrome is caused by orally administered neu-
roleptics, treatment should be continued for at least 10 days since recurrence
may develop with early withdrawal from treatment. When depot neurolep-
tics are utilized, 2–3 weeks of therapy may be warranted since it may take this
amount of time for the neuroleptics to be cleared. It may be helpful to follow
these patients with serial CK and myoglobin levels, in the urine and blood,
and close monitoring of clinical features.

Other therapies have been shown to be beneficial in small numbers of pa-
tients. Amantadine (up to 400 mg/day) has been useful possibly because of its
dopaminergic effects [166]. One retrospective study found that it may lower
mortality of NMS [164]. Since amantadine therapy has failed to improve signs
of NMS in some cases [133], starting bromocriptine from the outset would be a
more sound strategy. If the patient is on amantadine when the episode begins
it should be continued. Levodopa has also been examined as a treatment for
NMS with some success [10, 17, 167]. However, only a few cases have been re-
ported and although one would expect it to be as efficacious as bromocriptine,
it is not uniformly successful [38]. This may be related to timing and dosage
since unsuccessful trials of bromocriptine have also been reported [58]. A sin-
gle patient responded to treatment with combined levodopa and subcutaneous
lisuride, a D2 receptor agonist. Lisuride was started because the patient could
not tolerate bromocriptine or levodopa in higher doses (nausea and vomiting).
Parenteral forms of dopaminergic drugs (e.g., lisuride, apomorphine) may be
useful in a patient with dysphagia [168]. In one case report subcutaneous apo-
morphine 2 mg every 3 hours was given for 3 days with no other agents and
the patient responded rapidly without recurrence [169].

Benzodiazepines such as diazepam and clonazepam have been utilized in
NMS when catatonic symptoms are present. In fact, those suggesting that
NMS is a form of catatonia suggest that this be the treatment of choice [39,
107, 111]. However, they have been associated with variable success [27, 32, 45,
56]. An inadequate number of patients have been treated to judge their use-
fulness. In addition, use of benzodiazepines in the pre-NMS state has not been
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preventative [56]. When used in high doses respiratory status needs to be mon-
itored carefully. Anticholinergic drugs such as benztropine, trihexyphenidyl,
and diphenhydramine have often been the first drugs given to patients when
NMS arises because of their effectiveness in other extrapyramidal syndromes
such as acute dystonic reactions and parkinsonism. In fact, they are probably
given initially because of a misdiagnosis. However, these drugs have not been
useful in NMS and should not be administered if NMS with hyperthermia is
suspected [3, 31, 160, 163, 165]. No decrease in mortality or duration of NMS
has been reported with these drugs. In fact, some report that anticholinergics
may actually be harmful in patients with NMS [159]. The symptoms of hyper-
thermia, autonomic dysfunction, and elevated CK should lead one to suspect
NMS and not other extrapyramidal syndromes. If anticholinergic agents have
been prescribed at the onset of symptoms they should be slowly tapered off
[12]. It should be noted that there have been occasional case reports of carba-
mazepine effectively treating NMS but this needs to be confirmed [170], espe-
cially when reports have been published of carbamazepine inducing NMS in
patients on long-term stable neuroleptic doses [171]. The reason for choosing
carbamazepine in these cases was not made clear by the authors.

Finally, electroconvulsive therapy (ECT) has been utilized to treat NMS and
coexisting psychosis [141, 172]. This has been used because it is considered the
second line treatment for catatonia after benzodiazepines. When an acutely
psychotic patient develops NMS after administration of neuroleptics, cessa-
tion of the drugs could lead to worsening of psychosis and NMS. These patients
are difficult to manage and ECT is considered appropriate. ECT, in some in-
stances, has been used to treat PD [173, 174]. It is thought to act by increasing
nigrostriatal dopaminergic transmission. This may be true in NMS as well. Of
17 NMS cases treated with ECT reviewed by Addonizio and Susman [141], a
rapid therapeutic response was obtained in eight. Four patients experienced
cardiac arrhythmias, including ventricular fibrillation and cardiac arrest, indi-
cating that ECT is not without serious adverse effects. Others had no response.
In four patients treated with ECT for persistent psychosis shortly after NMS
cleared, no recurrences of NMS were seen despite reinstitution of neuroleptic
therapy. Similar results were described by Mann et al. [175] where 23 of 27 pa-
tients had complete or partial improvement of NMS with ECT. However, four
patients experienced cardiac arrhythmias. ECT led to a decrease in mortality
of about 50% in NMS patients compared to supportive therapy [176]. Nisijima
and Ishiguro [177] demonstrated, in five patients, that complete resolution oc-
curred within 6 days confirming the quick response. The role, if any, of ECT as
a treatment modality in NMS remains to be established. Some NMS patients
may be at risk for the development of cardiac arrhythmias when given succinyl
choline and must be monitored closely or given other muscle relaxants when
preparing for ECT [12]. A single case report demonstrated improvement of
NMS with plasmapheresis in the patient who failed medical therapy [178].

Caroff et al. [176] have suggested that the treatment of NMS needs to be
individualized depending on the severity of the episodes and the primary
symptoms. In patients who are diagnosed early with mild symptoms just
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supportive measures may be all that is needed. Benzodiazepines can be utilized
in those who have symptoms of catatonia or severe agitation. Bromocriptine
and/or dantrolene are utilized in more fulminant cases. Finally, ECT is the
choice when the NMS symptoms appear to be resistant to pharmacotherapy
and in those with significant psychosis in the post-NMS period.

In the case of PD, where NMS occurs most commonly from withdrawal
of antiparkinsonian medications, the usual supportive measures should be
instituted and parkinsonian medications should be reinitiated immediately
[89]. This situation has been more prevalent during “drug holidays.’’ Drug
holidays should no longer be considered a therapeutic option in PD except in
extreme situations [179]. In those cases the patients should be hospitalized and
vital signs monitored closely. The decreased usage of this therapeutic measure
will most likely decrease the frequency of NMS. However, other situations
may arise that increase the risk.

Since NMS occurs most frequently in psychiatric patients treated with neu-
roleptics, it is likely that a large percentage will require retreatment with an-
tipsychotic agents. Obvious questions include whether these patients can be
safely rechallenged with neuroleptics and what factors are important in re-
ducing the risk of recurrence of NMS? It is clear that neuroleptics can even-
tually be reintroduced successfully in a majority of patients [180, 181]. Recur-
rences have been described as mild and self-limited in some patients while
fatalities have also been reported [180, 181]. While recurrences may be early
or late [145], the most important factor that might reduce the risk is the time
from resolution of NMS to the reintroduction of antipsychotic agents. Studies
have demonstrated that waiting 2 weeks or more (longer with depot drugs)
allows for a safer rechallenge [180, 181]. In situations where neuroleptics
are started sooner, the occurrence of NMS may actually represent an exac-
erbation of the original episode. This may also occur with early withdrawal
of treatment for NMS. The dopamine-blocking potency of the drug used in
the rechallenge of patients is another factor that may alter the risk of recur-
rence. Since NMS may be related to the degree of dopamine receptor block-
ade, it seems likely that lower-potency drugs, such as thioridazine or atypi-
cal agents, may result in fewer recurrences. This has been substantiated in a
number of studies [180, 182]. For the same reason, if patients are restarted on
the same drug that originally caused NMS or one of similar potency, use of
lower doses would also allow for safer rechallenge [180, 181]. Other factors
that may reduce the risk of recurrence include making sure the patient is
well hydrated and that no metabolic imbalances exist. After reintroduction of
the drug, the patient must be monitored carefully for any signs of recurrent
NMS.

Future consideration

Major strides have been made in understanding NMS in the past two decades.
More data are being captured in large prospective series. However, a good
portion of the information presented continues to be based on case reports,
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retrospective reviews of case reports, and uncontrolled studies performed on
small numbers of patients. As a result, conflicting results and conclusions still
exist in the literature and many unanswered questions remain. Future goals
include a better understanding of the pathogenesis and risk factors so that
NMS can be better recognized and avoided. This would require the devel-
opment of animal models, which at this point do not exist. In relation to this
direction of study it would be important to develop a marker for the disease so
that its relationship to catatonia could be better delineated. Rosebush et al. [9]
have shown how useful prospective analysis can be in describing clinical fea-
tures. Similar studies of the situations leading the NMS will be useful. Closer
examination of CSF, serum, and urine concentrations of catecholamines and
their metabolites may provide more clues to the pathogenesis and risk factors.
Pharmacological (and neuroendocrinological) studies, and examination of ge-
netic risk factors will also enhance understanding. Improved treatment for
those cases that do occur can only evolve through controlled clinical trials that
take advantage of multicenter collaboration. Finally, with the development of
atypical antipsychotics the possibility of prevention is a reality.

Acknowledgments

I would like to thank Faith Wood for her assistance in the preparation of the
manuscript. This work was supported by the AMC Parkinson’s Research Fund
and the Riley Family Chair of Parkinson’s Disease.

References

1. Delay J, Pichot P, Lemperiere T, et al. Un neuroleptique majeur non-phenothiazinique et
non-reserpinique, l’haloperiol, dans le traitment des psychosis. Ann Med Psychol 1960;
118: 145–142.

2. Delay J, Denicker P. Drug induced extrapyramidal syndromes. In Vinken PJ, Bruyun GW
(eds) Handbook of Clinical Neurology. Amsterdam, North Holland, 1968, pp. 258–259.

3. Caroff SN. The neuroleptic malignant syndrome. J Clin Psychiatry 1980; 41: 79–82.
4. Burke RE, Fahn S, Mayuex R, et al. Neuroleptic malignant syndrome caused by dopamine-

depleting drugs in a patient with Huntington’s disease. Neurology 1981; 31: 1022–1026.
5. Toro M, Matsuda O, Mikizuich K, Sugano K. neuroleptic malignant syndrome-like state

following withdrawal of antiparkinsonian drugs. J Nerv Ment Disord 1981; 169: 324–327.
6. Genis D. Neuroleptic malignant syndrome: impaired dopaminergic systems? Neurology

1985; 35: 1806.
7. Zubenko G, Pope HG. Management of a case of neuroleptic malignant syndrome with

bromocriptine. Am J Psychiatry 1983; 140: 1619–1620.
8. Shalev A, Munitz H. The neuroleptic malignant syndrome: agent and host interaction.

Acta Psychiatr Scand 1986; 73: 337–347.
9. Rosebush P, Stewart T. A prospective analysis of 24 episodes of neuroleptic malignant

syndrome. Am J Psychiatry 1989; 146: 717–725.
10. Kurlan R, Hamill R, Shoulson I. Neuroleptic malignant syndrome. Clin Neuropharmacol

1984; 7: 109–120.



Neuroleptic malignant syndrome 205

11. Levenson JL. Neuroleptic malignant syndrome. Am J Psychiatry 1985; 142: 1137–1145.
12. Susman VL. Clinical Management of neuroleptic malignant syndrome. Psychiatr Q 2001;

72: 325–336.
13. Smego RA, Durack DT. The neuroleptic malignant syndrome. Arch Intern Med 1982; 142:

1183–1185.
14. Addonizio G, Sussman VL, Roth SD. Neuroleptic malignant syndrome: review and anal-

ysis of 115 cases. Biol Psychiatry 1987; 22: 1004–1020.
15. Scrinvasan AV, Murugappan M, Kristamurty SG, Sayeed ZA. Neuroleptic malignant

syndrome. J Neurol Neurosurg Psychiatry 1990; 53: 514–516.
16. Szabadi E. Neuroleptic malignant syndrome. Br Med J 1984; 288: 1399–1400.
17. Clarke CE, Shand D, Yuill GM, Green MHP. Clinical spectrum of neuroleptic malignant

syndrome. Lancet 1988; 2: 969–970.
18. Rosenberg MR, Green M. Neuroleptic malignant syndrome: review of response to ther-

apy. Arch Intern Med 1989; 149: 1927–1931.
19. Wong MM. Neuroleptic malignant syndrome: two cases without muscle rigidity. Austr

N Z J Psychiatry 1996; 30: 415–418.
20. Patel U, Agrawal M, Krishnan P, Nirajan S. Neuroleptic malignant syndrome presenting

as pulmonary edema and severe bronchorrhea. J Natl Med Assoc 2002; 94: 279–282.
21. Guze BH, Baxter LR. Neuroleptic malignant syndrome. N Engl J Med 1985; 313: 163–

166.
22. Cohen BM, Baldessarini RJ, Pope HG, Lipinski JF. Neuroleptic malignant syndrome. N

Engl J Med 1985; 313: 1293.
23. Adityanjee, Singh S, Singh G, Ong S. Spectrum concept of neuroleptic malignant syn-

drome. Br J Psychiatry 1988; 153: 107–111.
24. Mueller PS. Diagnosis and treatment of neuroleptic malignant syndrome: a review. Neu-

roview 1987; 3: 1–5.
25. Cullinane CA, Brumfeld C, Flint LM, Ferrara JJ. Neuroleptic malignant syndrome associ-

ated with multiple joint dislocations in a trauma patient. J Trauma Injury Infect Crit Care
1998; 45: 168–171.

26. Weinberg S, Twerksy RS. Neuroleptic malignant syndrome. Anesth Analg 1983; 62: 848–
850.

27. Koehler PJ, Mirandolle JF. Neuroleptic malignant-like syndrome and lithium. Lancet 1988;
2: 1499–1500.

28. Allan RN, White HC. Side effects of parenteral long-acting phenothiazines. Br Med J 1972;
1: 221–222.

29. Lew, TY, Tollefson G. Chlorpromazine-induced neuroleptic malignant syndrome and its
response to diazepam. Biol Psychiatry 1983; 18: 1441–1445.

30. Henderson VW, Wooten GF. Neuroleptic malignant syndrome: a pathogenetic role for
dopamine receptor blockage? Neurology 1981; 31: 132–137.

31. Coons DJ, Hillman FJ, Marshall RW. Treatment of neuroleptic malignant syndrome with
dantrolene sodium: a case report. Am J Psychiatry 1982; 139: 944–945.

32. Dhib-Jalbut, Hesselbrock R, Brott T, Silbergeld D. Treatment of neuroleptic malignant
syndrome with bromocriptine. JAMA 1983; 250: 484–485.

33. Figa’-Talamanca L, Gualandi C, DiMeo L, et al. Hyperthermia after discontinuance of
levodopa and bromocriptine therapy: impaired dopamine receptors a possible cause.
Neurology 1985; 35: 258–261.

34. Yoshino A, Yoshimasu H, Tatsuzawa Y, Asakura T, Hara T. Nonconvulsive status epilepti-
cus in two patients with neuroleptic malignant syndrome. J Clin Psychopharmacol 1998;
18: 347–349.



206 Chapter 8

35. Lal V, Sardana V, Thussu A, Sawhney IMS, Prabhakar S. Cerebellar degeneration follow-
ing neuroleptic malignant syndrome. Postgrad Med J 1997; 73: 735–736.

36. Editorial. Neuroleptic malignant syndrome. Lancet 1984; 1: 545–546.
37. Taylor MA. Catatonia: a review of a behavioral neurologic syndrome. Neuropsychiatry

Neuropsychol Behav Neurol 1990; 3: 48–72.
38. Morris, HH, McCormick WF, Reinarz JA. Neuroleptic malignant syndrome. Arch Neurol

1980; 37: 462–463.
39. Koch M, Chandragiri S, Rizvi S, Peterides G, Francis A. Catatonic signs in neuroleptic

malignant syndrome. Compr Psychiatry 2000; 41: 73–75.
40. Petzinger GM, Bressman SB. A case of tetrabenazine-induced neuroleptic malignant syn-

drome after prolonged treatment. Mov Disord 1997; 12: 246–248.
41. Ghani SO, Ahmed W, Marco LA. Neuroleptic malignant syndrome and severe thrombo-

cytopenia: case report and literature review. J Clin Psychiatry 2000; 12: 51–54.
42. American Psychiatric Association. Diagnostic and Statistical Manual of Mental Disorders,

4th edition. Washington DC, American Psychiatric Association, 1994.
43. Velamoor VR, Norman RMG, Caroff SN, et al. Progression of symptoms of neuroleptic

malignant syndrome. J Nerv Ment Disord 1994; 182: 168–173.
44. Mezaki T, Ohtani SI, Abe K, et al. Benign type of malignant syndrome. Lancet 1989;

1: 49.
45. Caroff SN, Mann S, Keck PE, Francis A. Residual catatonic state following neuroleptic

malignant syndrome. J Clin Psychopharmacol 2000; 20: 257–259.
46. Cohen WJ, Cohen NH. Lithium carbonate, haloperidol and irreversible brain damage.

JAMA 1974; 230: 1283–1287.
47. Spring G, Frankel M. New data on lithium and haloperidol incompatability. Am J Psy-

chiatry 1981; 138: 818–821.
48. Anderson Sa, Weinschank K. Peripheral neuropathy is a component of the neurologic

malignant syndrome. Am J Med 1987; 82: 169–170.
49. Lee S, Merriam A, Kim TS, Leibling M, Dickson DW, Moore GRW. Cerebellar degeneration

in neuroleptic malignant syndrome: neuropathologic findings and review of the literature
concerning heat related nervous system injury. J Neurol Neurosurg Psychiatry 1989; 52:
387–391.

50. Scheider JM, Roger DJ, Uhl RL. Bilateral forearm compartment syndromes resulting from
neuroleptic malignant syndrome. J Hand Surg 1996; 21A: 287–289.

51. Craddock B, Craddock N. Contractures in neuroleptic malignant syndrome. Am J Psy-
chiatry 1997; 154: 436.

52. Black KJ, Racette B, Perlmutter JS. Preventing contractions in neuroleptic malignant syn-
drome and dystonia. Am J Psychiatry 1998; 155: 1298–1299.

53. Garrido SM, Chauncey TR. Neuroleptic malignant syndrome following autologous pe-
ripheral blood stem cell transplantation. Bone Marrow Transplant 1998; 21: 427–428.

54. Hashimoto F, Sherman CB, Jeffrey WH. Neuroleptic malignant syndrome and dopamin-
ergic blockage. Arch Intern Med 1984; 144: 629–630.

55. Gonner F, Baumgartner R, Schupbach D, Merlo MCG. Neuroleptic malignant syndrome
during low dosed neuroleptic medication in first-episode psychosis: a case report. Psy-
chopharmacology 1999; 144: 416–418.

56. Caroff SN, Mann SC, Keck PE. Specific treatment of the neuroleptic malignant syndrome.
Biol Psychiatry 1998; 44: 378–381.

57. Friedman JH, Davis R, Wagner RL. Neuroleptic malignant syndrome: the results of a 6
month prospective study of incidence in a state psychiatric hospital. Clin Neuropharma-
col 1988; 11: 373–377.



Neuroleptic malignant syndrome 207

58. Lazarus A. Neuroleptic malignant syndrome and amantadine withdrawal. Am J Psychi-
atry 1985; 142: 142.

59. Rosse R, Ciolino C. Dopamine agonists and neuroleptic malignant syndrome. Am J Psy-
chiatry 1985; 142: 270–271.

60. Corrigan FM, Coulter F. Neuroleptic malignant syndrome, amitriptyline and thiori-
dazine. Biol Psychiatry 1988; 23: 320–321.

61. Spivak B, Weizman A, Wolovick L, et al. Neuroleptic malignant syndrome during abrupt
reduction of neuroleptic treatment. Acta Psychiatr Scand 1990; 81: 168–169.

62. Price DK, Turnbull GJ, Gregory RP, Stevens DG. Neuroleptic malignant syndrome in a
case of post-partum psychosis. Br J Psychiatry 1989; 155: 849–852.

63. Baastrup PC, Holinagel P, Sorensen R, Shou M. Adverse reactions in treatment with
lithium carbonate and haloperidol. JAMA 1976; 236: 2645–2646.

64. Levenson JL, Fisher JG. Long term outcome after neuroleptic malignant syndrome. J Clin
Psychiatry 1988; 49: 154–156.

65. Donaldson IM, Cunningham J. Persisting neurologic sequelae of lithium carbonate ther-
apy. Arch Neurol 1983; 40: 747–751.

66. Friedman E, Gershon S. Effect of lithium on brain dopamine. Nature 1973; 243: 520–
521.

67. Sachdev P, Mason C, Hadzi-Pavlovic D. Case control study of neuroleptic malignant
syndrome. Am J Psychiatry 1997; 154: 1156–1158.

68. Konikoff F, Kuritzky A, Jerushalmi Y, Theodor E. Neuroleptic malignant syndrome by a
single injection of haloperidol. Br Med J 1984; 289: 1228–1229.

69. Moyes DG. Malignant hyperpyrexia caused by trimeprazine. Br J Anaesth 1973; 45: 1163–
1164.

70. Robinson MB, Kennett RP, Harding AE, Legg NJ, Clarke B. Neuroleptic malignant
syndrome associated with metoclopramide. J. Neurol Neurosurg Psychiatry 1985; 40:
1304.

71. Samie MR. Neuroleptic malignant-like syndrome induced by metoclopramide. Mov Dis-
ord 1987; 2: 57–60.

72. Mateo D, Munoz-Blanco JL, Gimenez-Roldan S. Neuroleptic malignant syndrome related
to tetrabenazine introduction and haloperidol discontinuation in Huntington’s disease.
Clin Neuropharmacol 1992; 15: 63–68.

73. Osseman M, Sindic CJM, Laterre C. Tetrabenazine as a cause of neuroleptic malignant
syndrome. Mov Disord 1996; 11: 95.

74. Breitbart W, Marotta RF, Call P. AIDS and Neuroleptic malignant syndrome. Lancet 1988;
2: 1488–1489.

75. Hernandez JL, Palacios-Araus L, Echevarria S, Herran A, Campo JF, Riancho JA. Neu-
roleptic malignant syndrome in the acquired immunodeficiency syndrome. Postgrad
Med J 1997; 73: 779–784.

76. Hriso E, Kuhn T, Masdeu JC, Grundman M. Extrapyramidal symptoms due to dopamine
blocking agents in patients with AIDS encephalopathy. Am J Psychiatry 1991; 148: 1558–
1561.

77. Kieburtz KD, Epstein LG, Gelbard HA, Greenamyre T. Excitotoxicity and dopaminergic
dysfunction in the acquired immunodeficiency syndrome dementia complex: therapeutic
implications. Arch Neurol 1991; 48: 1281–1284.

78. Berger JR, Nath A. HIV dementia and the basal ganglia. Intervirology 1997; 40: 122–
131.

79. Nath A, Anderson C, Jones M, et al. Neurotoxicity and dysfunction of dopamine systems
associated with AIDS dementia. J Psychopharmacol 2000; 14: 222–227.



208 Chapter 8

80. Lopez OL, Smith G, Meltzer CC, Becker JT. Dopamine systems in human immunode-
ficiency virus-associated dementia. Neuropsychiatry Neuropsychol Behav Neurol 1999;
12: 184–192.

81. Factor SA, Podskalny GD, Barron KD. Persistent neuroleptic induced rigidity and dysto-
nia in AIDS dementia complex: a clinico-pathological case report. J Neurol Sci 1994; 127:
114–120.

82. Wiley CA, Soontornniyomkij V, Radhakrishnan L, et al. Distribution of brain HIV load in
AIDS. Brain Pathol 1998; 8: 277–284.

83. Ueda M, Hamamoto M, Nagayama H, et al. Susceptibility to neuroleptic malignant syn-
drome in Parkinson’s disease. Neurology 1999; 52: 777–781.

84. Ueda M, Hamamoto M, Nagayama H, Okubo S, Amemiya S, Katayama Y. Biochem-
ical alterations during medication withdrawal in Parkinson’s disease with and with-
out neuroleptic malignant-like syndrome. J Neurol Neurosurg Psychiatry 2001; 71:
111–113.

85. Friedman JH, Feinberg SS, Feldman RG. A neuroleptic malignant like syndrome due to
levodopa therapy withdrawal. JAMA 1985; 254: 2792–2795.

86. Gordon PH, Frucht SJ. Neuroleptic malignant syndrome in advanced Parkinson’s disease.
Mov Disord 2001; 16: 960–961.

87. Pfeiffer RF, Sucha EL. “On-off’’-induced lethal hyperthermia. Mov Disord 1989; 4: 338–
341.

88. Sechi GP, Tanda F, Mutani R. Fatal hyperpyrexia after withdrawal of levodopa. Neurology
1984; 34: 249–251.

89. Hirschorn KA, Greenberg HS. Successful treatment of levodopa induced myoclonus and
levodopa withdrawal-induced neuroleptic malignant syndrome: a case report. Clin Neu-
ropharmacol 1988; 11: 278–281.

90. Iwuagwa CU, Riley D, Bonomo RA. Neuroleptic malignant-like syndrome in an elderly
patient caused by abrupt withdrawal of tolcapone, a catechol-o-methyltransferase in-
hibitor. Am J Med 2000; 108: 517–518.

91. Cunningham MA, Darby DG, Donnan GA. Controlled-release delivery of L-dopa associ-
ated with nonfatal hyperthermia, rigidity and autonomic dysfunction. Neurology 1991;
41: 942–943.

92. Simpson DM, David GC. Case report of neuroleptic malignant syndrome associated with
withdrawal from amantadine. Am J Psychiatry 1984; 141: 796–797.

93. Friedman JH, Factor SA. Atypical antipsychotics in the treatment of drug-induced psy-
chosis in Parkinson’s disease. Mov Disord 2000; 15: 201–211.

94. Vingerhoets FJG, Villemure JG, Temperli P, Pollo C, Pralong E, Ghika J. Subthalamic DBS
replaces levodopa in Parkinson’s disease: two-year follow-up. Neurology 2002; 58: 396–
401.

95. Mizuta E, Yamasaki S, Nakatake M, Kuno S. Neuroleptic malignant syndrome in
a Parkinsonian woman during the premenstrual period. Neurology 1993; 43: 1048–
1049.

96. Cao L, Katz RH. Acute hypernatremia and neuroleptic malignant syndrome in Parkinson
disease. Am J Med Sci 1999; 318: 67–68.

97. Konishi T, Konagaya Y. Neuroleptic malignant syndrome – like condition in multiple
system atrophy. J Neurol Neurosurg Psychiatry 1997; 63: 120–121.

98. Kosten TR, Kleber HD. Rapid death during cocaine abuse: a variant of neuroleptic ma-
lignant syndrome. Am J Drug Alcohol Abuse 1988; 14: 335–346.

99. Wetli CV, Mash D, Karch SB. Cocaine associated agitated delirium and the neuroleptic
malignant syndrome. Am J Emerg Med 1996; 14: 425–428.



Neuroleptic malignant syndrome 209

100. Demirkiran M, Jankovic J, Dean JM. Ecstasy intoxication: an overlap between serotonin
syndrome and neuroleptic malignant syndrome. Clin Neuropharmacol 1996; 19: 157–
164.

101. Friedman JH. Recognition and treatment of neuroleptic malignant syndrome. Curr Opin
Neurol Neurosurg 1988; 1: 310–311.

102. Lazarus A. Neuroleptic malignant syndrome: detection and management. Psychiatr Ann
1985; 15: 706–712.

103. Mann SC, Caroff SN, Bleier Hr, et al. Lethal catatonia. Am J Psychiatry 1986; 143: 1374–
1381.

104. Castillo E, Robin RT, Holsboer-Trachler E. Clinical differentiation between lethal catato-
nia and neuroleptic malignant syndrome. Am J Psychiatry 1989; 146: 324–328.

105. Stauder KH. Die toldliche katatonie. Arch Psychiatry Nervenkr 1934; 102: 614–634.
106. Kalinowsky LB. Lethal catatonia and neuroleptic malignant syndrome. Am J Psychiatry

1987; 144: 1106.
107. Fink M. Neuroleptic malignant syndrome and catatonia: one entity or two? Biol Psychi-

atry 1996; 39: 1–4.
108. Kellam AMP. The neuroleptic malignant syndrome, so-called: a survey of the world

literature. Br J Psychiatry 1987; 150: 752–759.
109. Carroll BT, Goforth HW. Serum iron in catatonia. Biol Psychiatry 1995; 38: 776–777.
110. Lee JWY. Serum iron in catatonia and neuroleptic malignant syndrome. Biol Psychiatry

1998; 44: 499–507.
111. Carroll BT, Taylor RE. The nondichotomy between lethal catatonia and neuroleptic ma-

lignant syndrome. J Clin Psychopharmacol 1997; 17: 235–236.
112. Mann SC, Caroff SN. Lethal catatonia and neuroleptic malignant syndrome. Am J Psy-

chiatry 1987; 144: 1106–1107.
113. Bennett DA. Combined neuroleptic malignant syndrome and central cholinergic syn-

drome. J Neurol Neuorsurg Psychiatry 1990; 53: 711.
114. Larner AJ, Smith SC, Farmer SF. “Non-neuroleptic malignant’’ syndrome. J Neurol

Neurosurg Psychiatry 1998; 65: 613.
115. Ehara H, Maegaki Y, Takeshita K. Neuroleptic malignant syndrome and

methylphenidate. Pediatr Neurol 1998; 19: 299–301.
116. Turner MR, Gainsborough N. Neuroleptic malignant-like syndrome after abrupt with-

drawal of baclofen. J Psychopharmacol 2001; 15: 61–63.
117. Bodner RA, Lynch T, Lewis L, Kahn D. Serotonin syndrome. Neurology l995; 45: 219–

223.
118. Sternbach H. The serotonin syndrome. Am J Psychiatry 1991; 148: 705–713.
119. Richard IH, Kurlan R, Tanner C, Factor S, Hubble J, Suchowersky O, Waters C and the

Parkinson study group. Serotonin syndrome and the combined used of deprenyl and
an anti-depressant in Parkinson’s disease. Neurology l997; 48: 1070–1077.

120. Weiner WJ, Lang AE. Movement Disorders: A Comprehensive Survey, Mount Kisco,
NY, Futura Publishing, 1989.

121. Factor SA, Matthews MK. Persistent dystonic-rigid syndrome caused by combined meto-
clopramide and prochlorperazine therapy. South Med J 1991; 84(5): 626–628.

122. Denning TR, Berrios GE. Potential confusion of neuroleptic malignant syndrome and
Wilson’s disease. Lancet 1989; 2: 43.

123. Keck PE, Pope HG, McElroy SL. Frequency and presentation of neuroleptic malignant
syndrome: a prospective study. Am J Psychiatry 1987; 144: 1344–1346.

124. Pope HG, Keck PE, McElroy SL. Frequency and presentation of neuroleptic malignant
syndrome in a large psychiatric hospital. Am J Psychiatry 1986; 143: 1227–1233.



210 Chapter 8

125. Gelenberg AJ, Bellingham B, Wojcik JD, et al. A prospective survey of neuroleptic malig-
nant syndrome in short-term psychiatric hospital. Am J Psychiatry 1988; 145: 517–518.

126. Peringer E, Jenner P, Donaldson IM, Marsden CD, Miller R. Metoclopramide and
dopamine receptor blockade. Neuropharmacology 1976; 15: 463–469.

127. Cox B. Dopamine. In Lomax P, Schonbaum E (eds) Body Temperature, Regulation, Drug
Effects ad Therapeutic Implications, New York, Marcel Dekker, 1979, pp. 234–255.

128. Gurrera RJ, Chang SS. Thermoregulatory dysfunction in neuroleptic malignant syn-
drome. Biol Psychiatry 1996; 39: 207–212.

129. Ansseau M, Reynolds CF, Kupfer DJ, et al. Central dopaminergic and noradrenergic
receptor blockade in a patient with neuroleptic malignant syndrome. J Clin Psychiatry
1986; 47: 320–321.

130. Nisijima K, Ishiguro T. Neuroleptic malignant syndrome: a study of CSF monoamine
metabolism. Biol Psychiatry 1990; 27: 280–288.

131. Verhoeven WMA, Elderson A, Westenberg HGM. Neuroleptic malignant syndrome:
successful treatment with bromocriptine. Biol Psychiatry 1985; 20: 680–684.

132. Nisijima K, Oyafuso K, Shimada T, Hosino H, Ishiguro T. Cerebrospinal fluid
monoamine metabolism in a case of neuroleptic malignant syndrome improved by elec-
troconvulsive therapy. Biol Psychiatry 1996; 39; 383–384.

133. Granato JE, Stern BJ, Ringel A, et al. Neuroleptic malignant syndrome: successful treat-
ment with dantrolene and bromocriptine. Ann Neurol 1983; 14: 89–90.

134. Jauss M, Krack P, Franz M, et al. Imaging of dopamine receptors with
[123I]Iodobenzamide Single-Photon Emission-Computed Tomography in neuroleptic
malignant syndrome. Mov Disord 1996; 11: 726–728.

135. Jones EM, Dawson A. Neuroleptic malignant syndrome: a case report with post mortem
brain and muscle pathology. J Neurol Neurosurg Psychiatry 1989; 52: 1006–1009.

136. Horn E, Lach B, Lapierre Y, Hrdina P. Hypothalamic pathology in the neuroleptic ma-
lignant syndrome. Am J Psychiatry 1988; 145: 617–620.

137. Caroff S, Rosenberg H, Gerber J. Neuroleptic malignant syndrome and malignant hy-
perthermia. Lancet 1983; 1: 244.

138. Araki M, Takagi A, Higuchi I, Sugita H. Neuroleptic malignant syndrome: caffeine con-
tracture of single muscle fibers and muscle pathology. Neurology 1988; 38: 297–301.

139. Behan WMH, Madigan M, Clark BJ, Goldberg J, McLellan DR. Muscle changes in the
neuroleptic malignant syndrome. J Clin Pathol 2000; 53: 223–227.

140. Hermesh H, Aizenberg D, Lapidot M, Munitz H. Neuroleptic malignans. Neurology
1989; 39: 1273.

141. Addonizio G, Susman VL. ECT as a treatment alternative for patients with symptoms
of neuroleptic malignant syndrome. J Clin Psychiatry 1987; 48: 102–105.

142. Feibel JH, Schiffer RB. Sympathoadenomedullary hyperactivity in neuroleptic malig-
nant syndrome: a case report. Am J Psychiatry 1981; 138: 1115–1116.

143. Bigornia L, Suozzo M, Ryan KA, Napp D, Schneider AS. Dopamine receptors on adrenal
chromaffin cells modulate calcium uptake and catecholamine release. J Neurochem 1988;
51: 999–1006.

144. Gurrera RJ. Sympathoadrenal hyperactivity and the etiology of neuroleptic malignant
syndrome. Am J Psychiatry 1999; 156: 169–180.

145. Gibb WRG, Wedzicha JA, Hoffbrand BI. Recurrent neuroleptic malignant syndrome and
hyponatremia. J Neurol Neurosurg Psychiatry 1986; 49: 960–961.

146. Tomson CRV. Neuroleptic malignant syndrome associated with inappropriate antidi-
uresis and psychogenic polydipsia. Br Med J 1986; 292; 171.

147. Moore AP, Macfarlane FA, Blumhardt LD. Neuroleptic malignant syndrome and hy-
pothyroidism. J Neurol Neurosurg Psychiatry 1990; 53: 517–518.



Neuroleptic malignant syndrome 211

148. Keck PE, Pope HG, Cohen BM, et al. Risk factors for neuroleptic malignant syndrome:
a case controlled study. Arch Gen Psychiatry 1989; 46: 914–918.

149. Berardi D, Amore M, Keck PE, Troia M, Dell’Atti M. Clinical and pharmacologic risk
factors for neuroleptic malignant syndrome: a case control study. Biol Psychiatry 1998;
44: 748–754.

150. Alexander PJ, Thomas RM, Das A. Is risk for neuroleptic malignant syndrome increased
in the postpartum period? J Clin Psychiatry 1998; 59: 254–255.

151. Fido AA. Postpartum period: a risk factor for neuroleptic malignant syndrome. Ann
Clin Psychiatry 1999; 11: 13–15.

152. Caroff SN, Mann SC, McCarthy M, Naser J, Rynn M, Morrison M. Acute infectious
encephalitis complicated by neuroleptic malignant syndrome. J Clin Psychopharmacol
1998; 18: 349–351.

153. Kawanishi C, Hanihara T, Shimoda Y, et al. Lack of association between neuroleptic
malignant syndrome and polymorphisms in the 5HT1A and 5HT2A receptor genes.
Am J Psychiatry 1998; 155: 1275–1277.

154. Suzuki A, Kondo T, Otani K, et al. Association of the TaqI A polymorphism of the
dopamine D(2) receptor gene with predisposition of neuroleptic malignant syndrome.
Am J Psychiatry 2001; 158: 1714–1716.

155. Kawanishi C, Hanihara T, Maruyama Y, et al. Neuroleptic malignant syndrome and
hydroxylase gene mutations: no association with CYP2D6A or CYP2D6B. Psychiatr
Genet 1997; 7: 127–129.

156. Iwahashi K, Yoshihara E, Nakamura K, et al. CYP2D6 HhaI genotype and neuroleptic
malignant syndrome. Neuropsychobiology 1999; 39: 33–37.

157. Miyatake R, Iwahashi K, Matsushita M, Nakamura K, Suwaki H. No association between
neuroleptic malignant syndrome and mutations in the RYR1 gene associated with ma-
lignant hyperthermia. J Neurol Sci 1996; 143: 161–165.

158. Velamoor VR, Fernando MLD, Williamson P. Incipient neuroleptic malignant syndrome?
Br J Psychiatry 1990; 156: 581–584.

159. Dhib-Jalbut S, Hesselbrock R, Mouradian MM, Means ED. Bromocriptine treatment of
neuroleptic malignant syndrome. J Clin Psychiatry 1987; 48: 69–73.

160. Mueller PS, Vester JW, Fermaglich J. Neuroleptic malignant syndrome: successful treat-
ment with bromocriptine. JAMA 1983; 249: 386–388.

161. Adityanjee, Das P, Chawle HM. Neuroleptic malignant syndrome and psychotic illness.
Br J Psychiatry 1989; 155: 852–854.

162. May DC, Morris SW, Stewart RM, et al. Neuroleptic malignant syndrome: response to
dantrolene sodium. Ann Intern Med 1983; 98: 183–184.

163. Goekoop JG, Carbaat PA Th. Treatment of neuroleptic malignant syndrome with dantro-
lene. Lancet 1982; 2: 49–50.

164. Sakkas P, Davis JM, Hua J, Wang Z. Pharmacotherapy of neuroleptic malignant syn-
drome. Psychiatr Ann 1991; 21: 157–164.

165. Goulon M, de Rohan-Chabot P, Elkharrat D, et al. Beneficial effects of dantrolene in the
treatment of neuroleptic malignant syndrome: a report of two cases. Neurology 1983;
33: 516–518.

166. McCarron MM, Boettger ML, Peck JJ. A case of neuroleptic malignant syndrome suc-
cessfully treated with amantadine. J Clin Psychiatry 1982; 43: 381–382.

167. Harris M, Nora L, Tanner CM. Neuroleptic malignant syndrome responsive to car-
bidopa/levodopa: support for a dopaminergic pathogenesis. Clin Neuropharmacol
1987; 10: 186–189.

168. Rodriguez ME, Luquin MR, Lera G, et al. Neuroleptic malignant syndrome treated with
subcutaneous lisuride infusion. Mov Disord 1990; 5: 170–172.



212 Chapter 8

169. Wang H-C, Hseih Y. Treatment of neuroleptic malignant syndrome with subcutaneous
apomorphine monotherapy. Mov Disord 2001; 16: 765–767.

170. Thomas P, Maron M, Rascle C, et al. Carbamazepine in the treatment of neuroleptic
malignant syndrome. Biol Psychiatry 1998; 43: 303–305.

171. Nisijima K, Kusakabe Y, Ohtuka K, Ishiguro T. Addition of carbamazepine to long-
term treatment with neuroleptics may induce neuroleptic malignant syndrome. Biol
Psychiatry 1998; 44: 930–931.

172. Jessee SS, Anderson GF. ECT in the neuroleptic malignant syndrome: case report. J Clin
Psychiatry 1983; 44: 186–188.

173. Fochtmann L. A mechanism for efficacy of ECT in Parkinson’s disease. Convulsive Ther
1988; 4: 321–327.

174. Douyon R, Serby M, Klutchko, B, Rotrosen J. ECT and Parkinson’s disease revisited: a
“naturalistic’’ study. Am J Psychiatry 1989; 146: 1451–1455.

175. Mann SC, Caroff SN, Bleier HR, Antelo RE, Un H. Electroconvulsive therapy of the
lethal catatonia syndrome: case report and review. Convulsive Ther 1990; 6: 239–247.

176. Caroff SN, Mann SC. Neuroleptic malignant syndrome. Psychopharmacol Bull 1988; 24:
25–29.

177. Nisijima K, Ishiguro T. Electroconvulsive therapy for the treatment of neuroleptic malig-
nant syndrome with psychotic symptoms: a report of five cases. J ECT 1999; 15: 158–163.

178. Gaitini L, Fradis M, Vaida S, Krimerman S, Beny A. Plasmapheresis in neuroleptic ma-
lignant syndrome. Anaesthesia 1997; 52: 165–168.

179. Mayeux R, Stern Y, Mulvey K, Cote L. Reappraisal of temporary levodopa withdrawal
(“drug holiday’’) in Parkinson’s disease. N Engl J Med 1985; 313: 724–728.

180. Rosebush PI, Stewart TD, Gelenberg AJ. Twenty neuroleptic rechallenges after neurolep-
tic malignant syndrome in 15 patients. J Clin Psychiatry 1989; 50: 295–298.

181. Susman VL, Addonizio G. Recurrences of neuroleptic malignant syndrome. J Nerv Ment
Disord 1988; 176: 234–241.

182. Shalev A, Hermesh H, Aisenberg D, Munitz H. Neuroleptic malignant syndrome. N Eng
J Med 1985; 313: 1292–1294.



CHAPTER 9

Tardive dyskinesia

Thomas M. Hyde, Jose A. Apud, Whitney C. Fisher,
and Michael F. Egan

Introduction

The introduction of neuroleptics in 1954 for the treatment of psychotic disor-
ders was a major landmark in medicine, and psychiatry in particular. While
the clinical efficacy of these agents was quickly established, the subsequent
discovery of a sometimes-persistent involuntary movement disorder tardive
dyskinesia (TD) associated with long-term administration led to more cautious
use. The recent introduction of clozapine and other atypical antipsychotics may
have reduced the frequency of TD (see Chapter 12). Nevertheless, some pa-
tients continue to require typical neuroleptics and TD remains a clinical prob-
lem. In this chapter, we will discuss the clinical issues related to TD, including
minimizing the risk of TD, whether to continue neuroleptics in patients with
TD, and what medications may be useful for suppressing TD.

History of TD

In 1957, five years after the introduction of chlorpromazine Delay and Deniker
[1], and Schonecker [2] described what were probably the first reported cases
of TD. Following 2 to 8 weeks of exposure to chlorpromazine, three elderly
women developed lip-smacking dyskinetic movements. TD was first described
in the American literature in 1960 [3]. Several years later, Hunter and associates
[4] described dyskinesias in 13 female inpatients with chronic psychiatric ill-
ness, all of whom had been treated with phenothiazines. The notion that TD
was uncommon persisted until large studies in the late 1960s began to reveal
relatively high prevalence rates. General acceptance of the association of TD
with long-term neuroleptic treatment occurred in the early 1970s. The first
therapeutic trials for TD followed shortly thereafter [5–7]. In the 1970s, re-
ports of TD in children and severe, disabling TD in adults [8–10] began to
appear [11].

Epidemiology

Although epidemiological data point to neuroleptic exposure as being the
most significant etiologic factor in the development of TD, some authors have
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continued to question this relationship [12, 13]. For example, in a study
comparing chronic schizophrenic inpatients treated with neuroleptics with a
neuroleptic-naı̈ve group, Owens and associates [12] did not find a significant
difference between prevalence rates of spontaneous dyskinesia (53.2%) and TD
(67%). When the data were reanalyzed adjusting for a difference in the age of
the two groups, a slightly higher prevalence in the neuroleptic-treated patients
was found [14]. Fenton et al. [15] found that the prevalence of spontaneous
orofacial dyskinesias was 15% when reviewing detailed records of neuroleptic-
naı̈ve patients with schizophrenia. This study highlights the difficulty of distin-
guishing spontaneous from tardive dyskinesia in any given patient. Despite the
presence of spontaneous dyskinesias in patients with schizophrenia, epidemi-
ological studies [16] strongly suggest that neuroleptics produce dyskinesias in
patients with a wide variety of psychiatric diagnoses.

Estimates of the prevalence of TD have ranged from 0.5 to 62% [16, 17]. Sev-
eral factors may complicate these estimates and explain such widely divergent
results. These include differences in diagnostic criteria, assessment methods,
patient age, gender and psychiatric diagnoses, possible comorbid medical and
neurological illnesses, and duration and type of neuroleptic exposure. The
most recent and well-controlled studies (1980–1988) have estimated the aver-
age prevalence to be about 30% with typical neuroleptic therapy [18–21].

Data on incidence provide a more accurate estimate of risk per year with
exposure to typical neuroleptics. These data have been generated from several,
rigorous, large-scale, prospective studies. Results indicate that the average
yearly rate of developing TD is about 5% per year for the first several years.
The cumulative 5-year incidence rate appears to be 20–26% [22, 23]. It is unclear
whether the risk levels off after 5 years or continues to increase linearly. Glazer
et al. [24] have suggested that the risk may indeed be linear for 10 years or more,
with the 10-year risk estimated at 49% and the 25-year risk estimated at 68%.

Epidemiological studies have uncovered a variety of risk factors that in-
crease the chance of developing TD (e.g., [16, 25, 22]). Demographic risk factors
include increased age, psychiatric diagnosis (mood disorders have increased
risk), and gender. Regarding the latter, initial studies suggested that females
had increased rates, but these findings were confounded by differences in age
or treatment variables between groups. More recent, controlled studies only
find higher rates in women over 65 years, while gender effects are not appar-
ent in younger cohorts. In fact, some studies have found greater severity in
young men, compared to young women [17]. The presence of diabetes, organic
brain damage, and negative symptoms (in patients with schizophrenia) also
may significantly increase risk, perhaps through their effects on the corticos-
triatal input or striatal function itself. Studies focused on patients with organic
brain damage, patients with diabetes, or the elderly suggest these factors may
increase 1-year incidence rates up to 20% or more. Treatment variables as-
sociated with increased risk include higher dose of neuroleptics, number of
medication-free periods, and a history of acute extrapyramidal side effects. The
association with increased dose has not been found in many studies, but has in-
tuitive appeal [22, 23]. How medication-free periods and acute extrapyramidal
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side effects increase TD incidence is unclear but could theoretically be medi-
ated through their impact on the D1-mediated striato-nigral pathway (e.g.,
[26]).

In the United States, clozapine, a highly effective novel atypical antipsy-
chotic, is rarely associated with TD, if at all [23, 27]. This observation indicates
that it is possible for a medication to be a highly potent antipsychotic while not
causing TD. Unfortunately, the use of clozapine has been severely limited by
a variety of other potential side effects, such as agranulocytosis and seizures.
As a consequence, new medications have been designed to mimic clozapine’s
therapeutic profile but with fewer potential serious side effects. A number of
atypical agents are now in common use. These new “atypical’’ agents, which
include risperidone, olanzapine, quetiapine, sertindole, ziprasidone, and arip-
iprizole, appear to cause fewer acute extrapyramidal side effects than older,
“typical’’ agents. Moreover, with long-term use they appear to be associated
with a lower incidence of TD (see Chapter 11). However, these agents are not a
panacea, as they have other serious side effects including weight gain, diabetes,
and sedation.

Data supporting the notion that atypical antipsychotics have a markedly
lower propensity to cause TD is only gradually emerging. Initial reports on
this issue suggested that atypical agents did produce some cases of TD, but
these reports were problematic. First, many were single case reports rather
than systematic prospective studies. Second, most of the patients who de-
velop TD while on atypical agents had previous long-term exposure to high-
potency typical drugs. It can take up to several months for the elimination of
high-potency typical neuroleptics from the brain after years of treatment. The
dyskinesias might have been masked, only to appear several months after a
change from typical to atypical agents. Later case reports, however, appeared
more convincing, with dyskinesias developing after prolonged administration
of these atypical agents and without prior typical agent exposure (28, 29]).

One of the first well-executed studies demonstrating the markedly lower
propensity of TD with atypical agents was a double-blind randomized trial of
olanzapine versus haloperidol over 2.6 years. This study revealed a dramat-
ically lower incidence of TD in olanzapine-treated subjects (0.52% vs. 7.45%)
[30]. Glazer [31] reported similar findings. Kane and colleagues [27] concluded
that if clozapine does cause TD, it does so at an extremely low rate. They were
unable to demonstrate that clozapine definitively induced TD with long-term
treatment in 28 patients. The relatively abrupt cessation of clozapine has been
associated with the transient appearance of dyskinesias [32]. However, these
may have been dyskinesias suppressed by clozapine rather than induced by
this medication. A reduction in clozapine dose also has been associated with
the reemergence of TD suppressed by a higher dose of this medication [33].
Risperidone has been associated with the production of TD in a few case re-
ports [34, 35]. In a more systematic study, Jeste [36] found a much lower rate
of TD with risperidone treatment in comparison to haloperidol, in agreement
with an earlier report from Chouinard [37]. A meta-analysis of risperidone clin-
ical trials noted an extremely low incidence of TD among risperidone-treated
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subjects [0.23%] [38]. This analysis is limited by the comparatively short dura-
tion of risperidone treatment (12 months maximum). For quetiapine, a some-
what convincing case report also was published in 1999 [39]. However, this pa-
tient had been treated with high-potency typical neuroleptics for many years
prior to receiving quetiapine. Therefore, the appearance of TD on quetiapine
could just as easily have resulted from an unmasking of latent dyskinesias sup-
pressed by typical neuroleptic therapy. These studies provide strong support
for the notion that atypical agents dramatically lower the incidence of TD.

Despite the promise of atypical agents, many patients, for various reasons,
continue to require older typical neuroleptic agents, and continue to develop
and suffer from TD. Thus, although the pool of patients developing this disor-
der is undoubtedly shrinking, TD remains a therapeutic issue. The challenges
facing clinicians include how to minimize the risk of TD, and what to do with
patients once they develop TD. Awareness of the alternatives will hopefully
facilitate treating patients chronically with neuroleptics.

Prevention of TD

The mainstay of TD prevention has been to limit exposure to typical neuroleptic
agents whenever possible. For patients who require neuroleptics, most experts
recommend that one use the smallest effective dose and atypical agents as first-
line pharmacological therapy. The idea that increased dose of typical agents
has a significant impact on the incidence or severity of TD has intuitive appeal
but limited empirical support [23, 40]. Most studies have actually failed to find
such a relationship. Those that have are often criticized for methodological
confounds that cloud their interpretation [23, 41–43]. A recently published
study that addressed some of the typical methodological pitfalls suggests that
each 100 mg chlorpromazine equivalent increase in dose is associated with a
5% increase in the chance of developing TD [44]. On the other hand, very low-
dose neuroleptic therapy carries a higher risk of psychiatric relapse [42, 45, 46].
The rate of relapse must be balanced against the risk of acute nondyskinetic
side effects (e.g., sedation), which are frequently dose-related and often lead to
medication noncompliance. For long-term treatment, intermediate doses (e.g.,
400–900 mg chlorpromazine equivalents) may be as effective as the higher
doses often used in acute settings [40, 47, 48].

Intermittent treatment or use of “drug holidays’’ has been examined as a
way to reduce cumulative neuroleptic exposure. While one study suggested
that this strategy might benefit some patients [49], it is often an impractical
and possibly dangerous strategy. In fact, well-controlled studies suggest that
intermittent neuroleptic treatment is less effective at preventing psychotic re-
lapse [50], does not prevent the development of TD [51–53], and may even
increase the likelihood of developing TD [54]. “Drug holidays’’ should be
used with great caution, and the prevention of TD is an inadequate rationale
for their use.

Depot neuroleptics are often used to improve medication compliance
and reduce relapse rates. Currently, these preparations are limited to the
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high-potency typical agents, haloperidol and fluphenazine (although depot
forms of atypical agents are in development). One report found that depot
neuroleptics have a higher tendency to cause TD [55], but this requires addi-
tional study. Such an association could be due to poor compliance and the
subsequent intermittent treatment of patients who are treated with depot
preparations.

Long-term use of neuroleptics is indicated primarily for a subset of psy-
chiatric patients. These include patients with chronic psychotic disorders,
especially schizophrenia and schizoaffective disorder, who demonstrate a clear
therapeutic response. A variety of other patient groups are often administered
neuroleptics, including those with treatment-resistant bipolar disorder, unipo-
lar depression, obsessive-compulsive disorder, and borderline personality dis-
order. Many of these patients can be maintained on other agents that are much
less likely to produce TD. These include lithium, anticonvulsants (e.g., carba-
mazepine and valproic acid), tricyclics, serotonin reuptake inhibitors, mixed
norepinephrine and serotonin reuptake inhibitors, and benzodiazepines. The
preferred strategy to minimize the risk of TD is to use atypical neuroleptics.
However, some patients will not respond as well to clozapine as they do to
other neuroleptics. Unfortunately, clozapine’s expense, and the need for reg-
ular blood monitoring, have been other major factors limiting its use.

Risperidone was the first of the new generation of putative atypical neu-
roleptics modeled after clozapine. Clinical and preclinical studies indicate that
risperidone has a reduced liability to produce acute extrapyramidal side effects
(EPS) [56]. Because lower acute EPS liability has been hypothesized to be as-
sociated with a lower risk of producing TD, such results are encouraging [57].
Recent case reports, however, indicate that risperidone can induce TD [58–60].
In one case, a schizophrenic patient had been medication-free for 6 months be-
fore risperidone was started; abnormal movements developed after 1 year on
risperidone [60]. More recent prospective studies have confirmed that risperi-
done has lower propensity to induce TD compared to typical agents [36, 38].
Based largely on its clinical efficacy and reduced liability for acute EPS and
TD, risperidone has become a drug of choice at many centers in consideration
for the prevention of TD.

The development of additional “atypical’’ neuroleptics has proceeded
rapidly. For olanzapine and sertindole, phase II and III studies convincingly
demonstrated that both medications are very effective in treating psychosis
and have a low incidence of EPS [61–63]. Additional “atypical” agents, includ-
ing quetiapine, ziprasidone, and aripiprazole also are available. In preclinical
studies, sertindole produced dose-related EPS in Cebus monkeys. It was also
effective in suppressing spontaneous dyskinesias in monkeys [64], suggesting
that it might also be effective in suppressing TD. Of course, antipsychotics that
induce EPS and suppress dyskinesias also have the potential to produce TD.
Nevertheless, the introduction of “atypical’’ neuroleptics, without the onerous
blood testing regimen required with clozapine, is perhaps the most exciting
development related to TD prevention in decades. Their use has largely sup-
planted the use of high-potency typical agents.
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Another untested strategy is the prophylactic use of protective agents to
reduce the incidence of TD during chronic neuroleptic treatment. Data using
animal models indicate that antioxidants, such as vitamin E [65] and GM1
ganglioside [66] reduce dyskinesia scores in animals treated with long-term
haloperidol decanoate. Vitamin E has also been shown to attenuate the devel-
opment of D2 supersensitivity [67], a likely important step in the genesis of
TD. Clinical studies in humans have typically found that Vitamin E reduces
severity of preexisting TD (see the discussion under TD suppression: med-
ication trails). These observations suggest that prophylactic treatment (e.g.,
1,200–2,000 IU/day) with vitamin E could reduce the risk of developing TD.
While no human studies are available to support this strategy, long-term use
of vitamin E has little risk. Lithium has also been suggested to reduce the inci-
dence of TD [68], although recent data are conflicting [43, 69]. Routine use of
lithium for TD prevention is uncommon.

Finally, two other interventions may help patients avoid developing TD.
First, medication compliance should be emphasized, as this will limit drug-
free periods and reduce any risk for TD that this entails. Secondly, vigorous
treatment of comorbid substance abuse disorders is important. Anecdotal re-
ports suggest that patients who abuse stimulants such as cocaine may develop
more severe symptoms. Thus, the physician has a number of tools, such as the
use of atypical agents, encouraging medication compliance, the administration
of antioxidants, and treatment of comorbid substance abuse that can reduce a
patient’s chance of developing TD.

Management of patients with TD

When symptoms of TD first appear, a thorough medical evaluation should
be considered. Briefly, this includes physical and neurological examination,
laboratory testing, and a review of the differential diagnosis [70]. Fortunately,
the incidence of organic disorders masquerading as TD appears to be very low
[71]. The next issue is the continuation of neuroleptic therapy. Most published
recommendations suggest that drug withdrawal or marked dose reduction,
when possible, are indicated; the likelihood of psychotic relapse, however, is
fairly high and is a major risk of this approach. Conversion to a high-potency
“atypical’’ agent is often a safer option. A third issue is whether additional
medications are needed to suppress TD. Often, mild-to-moderate symptoms
are either unnoticed or have little functional impact. For those whom suppres-
sive therapy is needed, the treating physician can choose from a number of
mildly-to-moderately successful interventions.

It is imperative to involve both the patient and their family from the outset,
so that informed decisions can be made and documented. Patients educated
with printed information sheets [72] appear better informed than those ed-
ucated verbally [73]. Routine monitoring of TD is essential to quantitatively
track symptomatic changes and treatment response. The most popular rating
procedure is the AIMS examination [74]. Ratings should be performed every
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4 to 6 months on patients with TD and perhaps more often when medication
changes are made. Moreover, an examination should also be performed at least
semiannually on patients at risk for developing TD.

Clinical course of TD
Data on the natural course of TD is critical for assessing treatment options.
Of greatest concern is the possibility that continued treatment could lead to
relentless progression. Fortunately, this does not seem to be the case for the
large majority of patients. Data from several long-term studies indicate that
progression to severe TD, if it does occur, happens only in a small percentage
of cases [75–80]. This is supported by epidemiological studies indicating that
the prevalence of moderately severe TD is roughly 6% to 10% of patients with
TD or about 4% of patients treated with neuroleptics [81, 82]. The prevalence of
very severe TD is probably lower than this, but estimates are difficult to come
by [83]. By far, the most common course for TD is a waxing and waning of mild-
to-moderate symptoms over many years [23, 75, 84–86]. Approximately 50%
of patients will show recurrent symptoms with neither marked progression
nor extended remission. While estimates between studies vary, many suggest
that 10% to 30% will have a reduction in movements or full remission, while
10% to 30% will show some degree of worsening. These data suggest that for
many patients, continued treatment with neuroleptics after the development
of TD is a reasonable option.

Risk factors have been examined in attempts to identify those patients that
are most likely to show progression and/or persistence of TD with continued
treatment. In general, these factors are similar to risk factors for developing
TD (although see [23]). They include age [87], gender, and exposure to anti-
cholinergic agents. Increasing age has been associated with fewer spontaneous
remissions while on medication and less improvement after medications are
withdrawn. Regarding gender, the literature is divided. Many suggest that fe-
male gender is associated with increased risk and persistence, although the op-
posite has also been found [17, 86, 88]. Worse prognosis has been associated less
commonly with duration of exposure to neuroleptics, diagnosis (worse with
organic brain syndromes and affective disorders), duration of TD [79, 88–90]
and frequent on/off manipulations [23]. Overall, these data suggest that ef-
forts to reduce or discontinue neuroleptics might be directed toward those at
greater risk.

Neuroleptic discontinuation
Although continued neuroleptic treatment may be a psychiatric necessity for
many patients with TD, this must be weighed against the potential benefits
of withdrawal and discontinuation. Indeed, many experts [40] recommend
neuroleptic withdrawal, with the critical caveat that it should only be done
in patients who can tolerate it. Unfortunately, predicting who can or cannot
tolerate this is fraught with uncertainty. A recent rigorous review of the lit-
erature concluded that there is a lack of evidence to support the efficacy of
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neuroleptic cessation as a treatment for TD, although dose reduction may be
beneficial [91]. In the first several weeks following withdrawal, TD often gets
worse [92, 93]. For example, Gardos et al. withdrew neuroleptics from 33 pa-
tients and noted significant increases in dyskinesia severity and dysphoria in
33%, resulting in early removal from the study. Glazer et al. [94] withdrew
neuroleptics for 3 weeks in 19 patients and noted a relapse of psychosis in 26%
and TD worsening in 53% of the patients. The magnitude of TD exacerbation
in this study is unclear.

Despite the initial exacerbation that may result from neuroleptic withdrawal,
TD does appear to improve over the long term. In a comprehensive review of
20 studies, Jeste and Wyatt [95] reported that 36% of patients withdrawn from
neuroleptics showed improvement. Since then, additional studies tend to sup-
port their conclusion. Jus and colleagues [96] found improvement in 49 of 62
patients by slowly tapering neuroleptics over 4 years. Improvement has been
seen up to 5 years after cessation of treatment [97]. In a mostly nonpsychotic
patient group, Fahn [98] reported improvement in 13 out of 22 patients over
a 2-to-4-year period. These patients had concurrent treatment with reserpine
or tetrabenazine. In contrast, Glazer and colleagues [99] followed 49 patients
for an average of 40 weeks after discontinuation of neuroleptics. Complete
remission was rare (2%), dyskinesia severity improved in only 20%, and re-
lapse of psychosis for patients with schizophrenia approached 50% [99, 100].
One difficulty with drawing conclusions from these studies is that many were
unblinded or poorly controlled. Nevertheless, they suggest that neuroleptic
withdrawal is risky but can result in long-term remission of TD in some
patients [78].

Degree of improvement following withdrawal may be related to the same
risk factors associated with the development of TD and improvement during
continued treatment. Poor outcome related to age, over 65 years [87] showing
little improvement, organic brain damage, number of extended medication-
free periods, and length of neuroleptic treatment [95]. If drug withdrawal is
attempted, very gradual tapers appear to be less likely to lead to worsening of
psychosis. A variation of this strategy is to initially increase neuroleptic dose to
suppress TD followed by very gradual withdrawal (e.g., 10% per month). This
has worked in at least several cases of moderate-to-severe TD with dystonic
features (Kleinman J, personal communication), but has not been studied in
controlled trials.

While withdrawal should be considered, many patients will not be able
to tolerate this approach. The risks associated with neuroleptic withdrawal
include psychotic decompensation [101] and increased likelihood of injury to
self or others. Furthermore, untreated patients with schizophrenia may have
a worse long-term prognosis than patients treated with neuroleptics [102].
Over the long term, some patients initially withdrawn from neuroleptics have
actually ended up receiving higher total doses of neuroleptics to cope with
symptom exacerbation [103]. Many factors may be important in predicting the
success of neuroleptic withdrawal, such as psychiatric diagnosis, past history
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of dangerous behavior, current stressors, living and working environment,
and family relationships.

Switching to “atypical” antipsychotics
In lieu of typical neuroleptics, alternate therapeutic agents must be consid-
ered. In patients requiring continued neuroleptic therapy, the first choice is
to switch patients to an “atypical’’ drug. These medications offer the advan-
tage of potent antipsychotic efficacy and the possibility of reduction of the risk
for TD. Extrapolating, one might conclude that patients with TD will have
a greater likelihood of TD remission on atypical neuroleptics. A small retro-
spective study of the effects of clozapine on TD revealed an 85% reduction in
involuntary movements over a 10-month trial [104]. A small open prospective
trial found a 52% reduction in the severity of TD with clozapine [105]. An-
other trial purportedly found no benefit from clozapine. However, this study
did not assess the longitudinal course of TD in patients on clozapine, and eas-
ily might have missed a reduction in severity over time [106]. Another small
short-term trial with clozapine did not demonstrate any effect on the severity
of TD [107]. Several case reports have reported a marked improvement in TD
when patients were switched from typical neuroleptics to olanzapine [108]
and quetiapine [109]. On the other hand, weight gain and an increased risk of
diabetes can complicate treatment with clozapine and other atypical agents.
As a result, one must clearly delineate the benefits and risks to patients for each
treatment option. In particular, with atypical agents, the possible benefits of
TD reduction must be balanced against the risk of side effects such as sedation,
weight gain, seizures, diabetes, and/or agranulocytosis.

Suppressive therapy for TD
The next important therapeutic decision is whether to attempt suppression
of TD. In our experience, suppressive therapy should be considered if TD
poses health risks, impairs function, or is otherwise significantly bothersome
to the patient (e.g., problems with breathing, eating, walking, or sleeping).
Many patients with moderate-to-severe TD will not meet these requirements
and may not even be aware of their symptoms. Furthermore, a moderate or
severe rating on an item of the AIMS scale does not necessarily mean a patient
is functionally impaired or disfigured. Suppression in these cases may not be
necessary. Assessment by an occupational or physical therapist can sometimes
give insight into functional impairment and may suggest nonpharmacological
strategies to cope with the functional disabilities imposed by TD.

Patients with moderate-to-severe TD are the most likely candidates for
suppressive treatments. Severe TD is most common in younger men (un-
der 40 years) and older women (over 65 years), and often has a component
of dystonia. Several large studies have found that up to 4% of patients who
take chronic neuroleptics develop severe TD. Severe TD can produce a variety
of functional problems, depending on the area of the body that is affected.
For example, truncal TD can interfere with walking, sitting, and even sleeping
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(although TD disappears, for the most part, once a patient is able to fall asleep).
Orofacial dyskinesia can be particularly disfiguring, sometimes interfering
with eating and adequate nutrition, and has been linked to reduced life ex-
pectancy [110]. Respiratory dyskinesia is often overlooked and can produce
a variety of respiratory signs and symptoms, including irregular respiratory
rate, tachypnea, and grunting [111, 112]. Patients with severe TD are at risk for
aspiration and its attendant consequences, including pneumonia, cardiopul-
monary arrest, and death. A variety of risk factors have been examined, such
as number of medication-free periods [82] (although see Gardos et al. [83]), but
it is difficult to predict who will develop severe TD. Anecdotal reports suggest
that severe TD comes on quickly, developing over the course of several months,
rather than being the result of a relentlessly progressive process that devel-
ops over a long period of time in the face of continued neuroleptic exposure.
Several authors have noted that increased blinking or blepharospasm may
be a prodromal symptom [83, 113]. Certainly, many patients have increased
blinking and do not go on to develop severe TD. Treatment of severe TD, as
with less pronounced forms, often requires continued neuroleptic treatment
concomitantly with serial trials of suppressive agents.

Several comprehensive reviews [7, 54, 114–118] have surveyed most of the
published data on treatment of TD from the 1970s through the 1990s. In general,
the goal of most studies was to demonstrate short-term reduction, or suppres-
sion, of dyskinetic symptoms. There are no empirically validated guidelines to
follow when choosing a suppressive agent. For patients in need of suppression,
carefully trying a number of different agents can sometimes be rewarding. In
general, therapeutic trials have attempted to manipulate one of the following
neurotransmitter systems: dopamine, GABA, acetylcholine, norepinephrine,
and serotonin. These systems have received the most attention in part due to
theories about the pathophysiology of TD.

Pathophysiology of TD
Dopamine supersensitivity
The dopamine supersensitivity hypothesis of TD was first proposed in 1970
by Klawans. Based on the similarity between levodopa-induced dyskinesias
and TD, he suggested that chronic neuroleptic treatment produced supersen-
sitive striatal dopamine receptors, similar to denervation-induced cholinergic
supersensitivity found in peripheral muscles. Since then, dopamine super-
sensitivity has been an important theoretical construct guiding TD research.
Several inconsistencies, however, suggest that it cannot explain entirely the
pathogenesis of TD. First, supersensitivity occurs within 2 to 4 weeks of initiat-
ing neuroleptic treatment, whereas TD develops after long-term use. Second,
in animal studies, most subjects develop supersensitivity, in contrast to the
minority of patients that develop TD. Finally, supersensitivity disappears
within weeks after neuroleptics are withdrawn, while TD can persist for
months and years. The original version of this idea has been supplanted with
the notion that D2 supersensitivity may be a necessary first step in a path that
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ultimately leads to the development of TD. Interestingly, clozapine does not
induce D2 supersensitivity at standard doses.

Consistent with this are data suggesting that subjects with parkinsonian
symptoms are at higher risk for developing TD. A second variation on this
theme is the idea that parkinsonian symptoms and subsequent TD are due to
sustained high levels of D2 receptor occupancy with typical agents [119, 120]. In
contrast, antipsychotic efficacy may be achieved with lower levels of D2 occu-
pancy for relatively shorter periods as seen with atypical antipsychotics [121].

A related idea implicates the “balance’’ between acetylcholine and
dopamine. This is supported, for example, by the observations that parkinso-
nian symptoms are alleviated by dopamine agonists or cholinergic antagonists.
Higher doses of dopamine agonists can also induce dyskinesias. If dopamine
and acetylcholine work in the opposite direction, this implies that choliner-
gic agonists could alleviate dyskinesias. While this idea has been heuristically
useful, initial attempts at cholinergic potentiation as a treatment for TD were
largely unsuccessful. Relatively few data are available regarding the efficacy
of newer cholinesterase inhibitors available for the treatment of Alzheimer’s
disease.

GABA depletion
Considerable attention has been focused on the GABA (gamma amino butyric
acid) system, which is a major inhibitory component of basal ganglia path-
ways [122–124]. A number of studies point to decreased GABA turnover or
increased GABA binding sites in one or more areas of the basal ganglia in
rodents and primates following chronic neuroleptic treatment. This reduction
in turnover is most prominent in animals that have dyskinesias [125]. Fur-
thermore, changes in GABA activity (e.g. GAD 67 mRNA expression levels)
are produced by typical but not atypical neuroleptics [126]. Anderson and
colleagues [127], in a very small human postmortem study found a signifi-
cant decrease in subthalamic glutamic acid decarboxylase (GAD) activity (the
rate-limiting enzyme in the metabolic pathway for GABA) in patients with TD
compared with patients without TD. Other attempts to assess GABAergic neu-
rotransmission in living patients have also suggested that individuals with TD
have particular abnormalities [128, 129]. Traditional clinical-neuropathological
studies strongly implicate the basal ganglia in involuntary movement disor-
ders. GABAergic neurons play a central role in the subcortical regions that
generate abnormal movements. Further study of this system has led to more
detailed notions of those components that may be abnormal. GABA agonists
have some therapeutic efficacy in either suppressing or ameliorating TD, such
as the anticonvulsant gabapentin [130].

Neurotoxicity
The possibility that long-term neuroleptic treatment may have a toxic effect
on the brain has led to many studies that look for evidence of neuronal injury.
The neurotoxicity hypothesis is particularly engaging given the persistence
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of TD, in some cases, and the similarity between TD and degenerative dis-
eases of the basal ganglia, such as Huntington’s disease. Unfortunately, most
postmortem studies in animals and patients exposed to long-term neuroleptic
treatment have been inconsistent or have suffered from methodological prob-
lems [131–138]. Neuroleptics could produce more subtle damage, however,
through mechanisms other than simple neuronal degeneration. Dopamine is
metabolized by MAO to DOPAC (and then HVA). A byproduct of this reac-
tion is hydrogen peroxide, a potent oxidant. It has been hypothesized that
hydrogen peroxide could generate a cascade of free radicals that react with
proteins, lipids, and other cellular constituents, ultimately leading to signifi-
cant neuronal dysfunction. Indeed, several groups have found evidence sug-
gesting that free radical formation may occur both in rodents and humans
treated with neuroleptics [139]. Neuroleptics may also alter striatal glutamin-
ergic neurotransmission, perhaps impacting excitotoxic mechanisms, as some
data from animal models suggest [140]. Melatonin is a lipid-soluble free-radical
scavenger that is highly active as an antioxidant. Interestingly, a small double-
blind, placebo-controlled study using 10 mg per day for 6 weeks found that
melatonin was effective in ameliorating TD [141]. On the other hand, vitamin E,
another antioxidant, has been tried in a number of small studies but its efficacy
remains uncertain (as reviewed [115, 116, 142, 143). While stronger evidence is
clearly required, this hypothesis has led to trials of antioxidants as a treatment
for TD.

Striatal dysfunction
Studies on the basal ganglia and movement disorders suggest that the final
common pathway for dyskinesias is increased activation of the D1-mediated
striatonigral/striatopallidal (or “direct’’) pathway [144–146]. These medium
spiny striatal neurons are primarily GABAergic, but also use several neu-
ropeptides as cotransmitters, including substance P, and dynorphin. The di-
rect pathway inhibits neurons in the substantia nigra, pars reticulata, and its
associated nucleus, the internal segment of the globus pallidus. These areas,
in turn, project to the thalamus, which is thought to act as a filter for corti-
cal input. The theory is that increased inhibition of the inhibitory GABAergic
nigral/pallidal outflow produces a net increase (or loss of inhibition) in the
activity of thalamocortical projections. The other major outflow tract from the
striatum [144–146], the D2-mediated striatopallidal (or “indirect’’) loop (pro-
jective to the external segment of the globus pallidus), may also play a role.
The medium spiny neurons of this pathway are also GABAergic and use the
neuropeptide enkephalin as a cotransmitter. Increased activity of this path-
way that results from blockade of the inhibitory D2 receptors, may facilitate
the expression of D1 overactivation [26]. Indeed, animal studies suggest that
haloperidol increases D1 agonist-induced dyskinetic mouth movements in ro-
dents. The specific molecular changes underlying persistent motor abnormal-
ities are unclear but could be related to subtle cytoarchitectural changes in
enkephalinergic [147] or glutamatergic terminals [148].
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While the hypothesis that TD is a result of such alterations in basal ganglia
physiology remains unproven, it suggests that a variety of neurotransmitters
and receptors could play a role. Examples include D1 and D2 receptors, CCK,
neurotensin, GABA, NMDA receptors, and opiate receptors (mu, kappa, and
possibly delta). Drugs targeting these transmitter systems may possibly affect
TD symptoms. Unfortunately, animal studies using such agents have been
inconclusive, and human studies are limited. Moreover, while an imbalance
between the direct and indirect basal ganglia pathways may explain the in-
voluntary movements themselves, the etiology and nature of the basal ganglia
pathology that underlies these movements remains obscure.

TD suppression: medication trials
The competing theories on TD have led to clinical trials of a wide variety
of medications. Many of these trials have serious deficiencies, and none has
been successful in the majority of patients. As a result, one may have to try
several medications before finding one with some utility. Selection is guided
by the underlying psychiatric diagnosis, risk/benefit analysis, success in prior
studies, potential side effects of the suppressing agent, and interactions with
other medications.

Suppression with typical antipsychotics
Typical neuroleptics themselves may be effective to some degree in suppress-
ing TD. A 1979 review of 50 studies, totaling 501 patients, found that 67% of
the patients showed clinical improvement with neuroleptic suppression, the
highest improvement rate of any suppressive strategy [95]. However, a subse-
quent review [114] suggested a lower rate of response. Suppressive effects are
most pronounced in short-term studies [7, 40, 149, 150], although some well-
controlled studies have found that suppression is often minimal [151, 152]. The
therapeutic efficacy of long-term (more than 8 weeks) suppression is unclear,
in part due to problems with study design. Most studies have first withdrawn
patients from neuroleptics and then compared changes between neuroleptic
and placebo treatment [5, 153–156]. This may be a better measure of ability to
suppress withdrawal dyskinesias than persistent TD. For example, haloperi-
dol was able to dramatically reduce TD in a small cohort of patients withdrawn
from neuroleptics for 80 days, and then reassessed after 21 days of haloperi-
dol treatment [107]. Other studies are either unblinded or lacked appropriate
control groups [96, 154, 157, 158]. Of three particularly well-controlled stud-
ies, two found significant long-term suppression [159, 160], while the third
did not [161]. A fourth study using depot neuroleptics showed brief improve-
ment (i.e, 1–2 days) along with increased blood levels immediately following
drug injection in four of six patients [162]. While potentially useful, the safety
and efficacy of increased neuroleptic dose for long-term suppression remains
questionable.

A primary concern with using higher neuroleptic doses for suppression is
the potential that TD could become worse. Nevertheless, in severe cases with
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life-threatening complications, increasing dose or a switch to a high-potency
typical neuroleptic may be the only maneuver that will provide immediate
help. Higher-potency neuroleptics such as haloperidol may be more effective
at suppressing movements than those of lower potency such as molindone.
Glazer and colleagues [163] were able to suppress 66% of patients with with-
drawal TD using haloperidol, but only 39% with molindone. If withdrawal
dyskinesias are similar pharmacologically to persistent dyskinesias, they may
also be suppressed more effectively by high-potency neuroleptics. Giving med-
ications in smaller divided doses throughout the day has also been helpful in
masking symptoms of TD. In a variation of this, we have seen improvement
in several patients after stopping neuroleptic treatment for several weeks and
then restarting at a lower dose. This has not been studied under controlled
conditions.

Suppression with atypical antipsychotics
Beyond their use as drugs with less TD liability, atypical antipsychotics, par-
ticularly clozapine, have also been tried as suppressive agents. Early experi-
ence with clozapine was generally disappointing [164–166], or mixed [167]. A
description of published reports is provided in Table 9.1. Briefly, of 16 pub-
lications, seven are case reports, four open trials, one single-blind, and four
double-blind or controlled crossover studies. All seven case reports found
improvement. Two described rapid TD suppression [168, 169] while four ob-
served dramatic responses only after months or years [170–172]. Four open
uncontrolled trials [167, 173–175] also found beneficial effects with clozapine.
The most significant results were observed after at least 4 weeks of treatment
and in patients with severe TD and tardive dystonia [167–169]. In most cases,
TD symptoms returned to baseline after discontinuation of clozapine [167,
173–175]. This suggests that TD was suppressed.

Of the four double-blind, controlled, or crossover studies, two found signif-
icant improvement with clozapine [176, 177]. In both positive studies, cloza-
pine was administered for 22 to 52 weeks. The negative studies lasted only 3
to 5 weeks. The study by Tamminga and colleagues was particularly lengthy,
and included a control group of 32 patients treated with haloperidol dur-
ing a 12-month blind treatment period. Comparison of the different studies
is complicated by the use of different doses of clozapine, lack of appropri-
ate controls, and inconsistent patient follow-up. Two noteworthy trends are
that a long duration of treatment is needed and that dystonic features may be
more responsive than dyskinetic [178]. The mixed results in controlled studies
suggest that further investigations of clozapine’s suppressive properties are
warranted.

If clozapine is shown to have therapeutic effects in TD, several mechanisms
could potentially play a role. An early acute response to clozapine suggests
a suppressive effect similar to classical neuroleptics. Longer-term improvement
could be due to a passive mechanism in which dyskinetic movements improve
with time in the absence of the offending agent. A third possibility would
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Table 9.1 Studies on the effect of atypical neuroleptics on tardive dyskinesia

Reference Drug Design Duration Maximal dose Outcome

Gerlach et al.
[165]

Clozapine Double-blind,
cross-over

3 weeks 225 mg/day No significant
effect

Caine et al.
[164]

Clozapine Double-blind,
placebo-
controlled

3–5 weeks 425 mg/day No significant
effect

Gerlach and
Simmels-
gaard
[166]

Clozapine Cross-over 4 weeks 62.5 mg/day No significant
effect

Carroll et al.
[168]

Clozapine Case report 18 days 1000 mg/day Significant
improvement

Simpson et al.
[176]

Clozapine Single-blind,
placebo-
controlled,
double
cross-over

22 weeks 523–775
mg/day

Significant
improvement

Cole et al.
[173]

Clozapine Open,
uncontrolled

Up to 12
weeks or
more

100–500
mg/day

Significant
improvement,
mainly after
>12 weeks

Gerbino et al.
[174]

Clozapine Open 4 weeks and
12 months

4 weeks: 650
mg/day;
12 months:
down to 50%
of the initial
dose

Significant
improvement
at both times

Meltzer and
Luchins
[169]

Clozapine Case report 2 weeks 900 mg/day Significant
improvement

Small et al.
[175]

Clozapine Open,
uncontrolled

7 weeks 340 mg/day Significant
improvement
in only 7/19
patients

Van Putten
et al. [326]

Clozapine Case report 14 weeks 250 mg/day Significant
improvement

Lamberti and
Bellnier
[171]

Clozapine Case report 11 months 300 mg/day Significant
improvement

Lieberman
et al. [167]

Clozapine Open,
uncontrolled

36 months 486 mg/day
(average
daily dose at
end-point)

At least 50%
improvement
in 43% of
patients

Friedman [170] Clozapine Case report >3 years 350–500
mg/day

Significant
improvement

Trugman et al.
[172]

Clozapine Case report 4 years 625 mg/day Significant
improvement

(continued)
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Table 9.1 (continued)

Reference Drug Design Duration Maximal dose Outcome

Tamminga
et al. [177]

Clozapine Double-blind,
controlled,
random-
ized,
non-cross-
over

12 months 293.8 mg/day Significant
improvement

Levkovitch
et al. [327]

Clozapine Case report 48 months 450–550
mg/day

Significant
improvement

Meco et al.
[182]

Risperidone Cross-over,
placebo
controlled

4 weeks 6 mg/day No significant
effect

Kopala and
Honer [183]

Risperidone Case report 4 weeks 4 mg/day Significant
improvement

Chouinard [37] Risperidone Double-blind,
parallel

8 weeks 6–16 mg/day Significant
improvement

Bassitt et al.
[179]

clozapine Open trial 6 months 390 mg/day 52%
improvement

Dalack et al.
[104]

clozapine Retrospective
chart review

10 months 358 mg/day 85%
improvement

Spivak et al.
[180]

clozapine Open trial 18 weeks 74%
improvement

be that clozapine has an active (not simply suppressive) therapeutic effect on
dyskinetic movements. Teasing these differences out could have an impact
on the design of future neuroleptics. From a molecular standpoint, clozapine
displays affinity for a variety of neurotransmitter receptors. Its higher affinity
for the D1 and 5-HT2 compared to D2 receptors and its overall very low affinity
for striatal D2 receptor may be consistent with the low EPS profile of clozapine.
The relatively early suppression of dyskinetic movements could be mediated
by D1 receptors. On the other hand, the potent anticholinergic properties of
clozapine may explain its efficacy in treating tardive dystonia [181].

Little is known about the efficacy of risperidone in suppressing symptoms
of TD. Surprisingly, an early short-term, controlled study found no evidence
of suppression, [182]. One case report found suppression of severe TD with
risperidone [183]. More convincingly, the Canadian Multicenter Risperidone
study showed an antidyskinetic effect in a double-blind, placebo-controlled
trial [37]. Thus, risperidone may be useful as suppressive medication.

Other new atypical antipsychotics also may provide alternatives for the
treatment of TD. Olanzapine, sertindole, quetiapine, and ziprasidone have
been shown to be efficacious for the treatment of psychosis and produce fewer
EPS than traditional neuroleptics [61–63, 184, 185]. Similar to clozapine, these
drugs are more effective in blocking the 5-HT2 than the D2 receptor site, and also
have lower D2 receptor occupancy in vivo, particularly quetiapine [121]. On the
other hand, in contrast to clozapine, most are relatively potent D2 antagonists.
The finding that clozapine is associated with a lower incidence of TD [57]
and may suppress TD suggests that there are important advantages to using
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clozapine-like medications with selectivity for the 5-HT2 receptor. It is unclear
how effectively the new atypical neuroleptics will be in suppressing TD.

Dopamine-depleting agents
Medications that work primarily by reducing or depleting presynaptic stores
of dopamine have sometimes been helpful in reducing TD severity. Dopamine-
depleting medications, including reserpine, tetrabenazine, α-methyldopa,
and AMPT (alpha methyl-p-tyrosine), work by several different mechanisms.
Reserpine and tetrabenazine (not available in the United States) disrupt storage
of dopamine in presynaptic vesicles. Alpha-methyldopa reduces dopamine
synthesis by competitive inhibition of dopa decarboxylase and the formation of
a false neurotransmitter. AMPT also reduces dopamine (and norepinephrine)
synthesis via its actions on tyrosine hydroxylase, the rate-limiting enzyme in
dopamine synthesis.

Studies of dopamine-depleting medications suggest that they may allevi-
ate symptoms in up to 50% of patients with TD. For example, using reserpine,
Huang et al. [186] found at least 50% improvement in 5 out of 10 patients, while
Fahn [98] showed improvement in 8 of 17 patients (who were no longer taking
neuroleptics). Nasrallah et al. [187] found improvement in 5 of 10 patients in
a 4-week, double-blind study using AMPT. Only patients who remained on
neuroleptics in addition to AMPT improved. While not all studies have found
this degree of success [188], previous reviews of both uncontrolled case re-
ports and controlled studies support the 50% estimate [95, 114]. For example,
a review of five studies performed from 1961 to 1977 found that tetrabenazine
improved TD in 29 of 42 patients. In the same review, 17 out of 38 patients from
another five reports improved on reserpine, and 18 of 32 patients improved on
AMPT [95]. While larger, well-controlled studies are needed to validate these
findings, the limited available data supports the use of dopamine-depleting
medications for TD suppression. Unfortunately, major side effects, including
hypotension (reserpine, α-methyldopa), impotence, and depression, as well as
parkinsonism and akathisia, often limit their use. Depression, a relatively fre-
quent side effect, has been successfully treated with concurrent antidepressant
administration.

Dopamine agonists
Dopamine agonists, in animal studies, downregulate dopamine receptors and
theoretically could be useful in TD. A major drawback is that they can ini-
tially exacerbate both TD and psychotic symptoms. Direct (apomorphine,
bromocriptine and pergolide) and indirect (amantadine and levodopa)
dopamine agonists have been tried in patients. Some positive case reports or
single-blind studies have been published, but most double-blind studies show
limited efficacy [114, 189]. One exception is a recent report of 35 inpatients with
severe orofacial TD who showed marked improvement with levodopa after 3
months. Symptoms returned when levodopa was discontinued, and again re-
sponded when treatment was restarted [190]. Despite several methodological
shortcomings, this study is encouraging but needs to be replicated.
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Dopamine autoreceptor agonists (e.g., 3-PPP) decrease the release of
dopamine and present another possible mechanism to treat TD. 3-PPP has
been shown to improve a model of TD in monkeys [191], but it has not been
tried in humans. In low doses, apomorphine is an autoreceptor agonist, while
in high doses it is a postsynaptic receptor agonist. Theoretically, low doses
should decrease dopamine release and improve symptoms of TD, while high
doses should do the opposite. Paradoxically, one study showed that high doses,
up to 6.0 mg, reduced TD [192]. The usefulness of apomorphine may be lim-
ited by side effects such as nausea and vomiting at therapeutic doses and its
short duration of action. Pergolide, which activates both pre- and postsynaptic
dopamine receptors, has been suggested as a potential treatment for TD but
controlled trials have not been reported [193].

Noradrenergic antagonists
Although noradrenergic innervation of basal ganglia structures is sparse and
limited primarily to the thalamus, noradrenergic agents have been used with
some success to treat TD. The beta-adrenergic antagonist, propranolol, has
been reported in open studies to partially suppress TD in 11 of 15 patients
[54]. In a double-blind study of four patients, two improved with long-term
treatment [194]. Unfortunately, no larger or more recent studies are available,
and it is unclear whether propranolol’s suppressive effect is due to increased
neuroleptic blood levels. In contrast, pindolol, another beta-blocker, was un-
successful in suppressing TD in a small, placebo-controlled study [195]. Cloni-
dine, an α2 agonist, decreases release of norepinephrine by autoreceptor stim-
ulation, and has been reported to have antidyskinetic properties in a majority
of patients [196–198]. However, in a rigorous meta-analysis of treatment stud-
ies for TD, Soares and McGrath [199] concluded that clonidine offered little if
any treatment value. Clonidine may also have antipsychotic properties [196]
and has relatively few side effects (hypotension, sedation). Other noradren-
ergic antagonists with possible suppressive effects include disulfiram [200]
and fusaric acid, both of which are dopamine beta-hydroxylase inhibitors.
Oxypertine depletes norepinephrine (and dopamine) and may also improve
dyskinesias [201]. Unfortunately, this line of treatment has not been pursued
with large, well-controlled studies. At the present time, noradrenergic antago-
nists, particularly clonidine, appear to be relatively safe and possibly effective
as suppressive agents.

Anticholinergics
Dopamine and acetylcholine appear to have opposite effects on striatally me-
diated motor activity. One would predict that anticholinergics should make
TD worse. While this has been found in some reports [202], others have found
either no change [203] or even improvement. For example, in an acute chal-
lenge study using intravenous administration, Lieberman and colleagues [151,
152] showed that benztropine tended to improve movements while physostig-
mine made them worse (see also Moore and Bowers [204]). This suggests that
dopamine and acetylcholine are not simply functional antagonists in the basal
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ganglia. In general, however, most data indicate that long-term treatment with
anticholinergics either does not help or may actually worsen TD [7, 54, 205],
and their discontinuation may be helpful in up to 60% of patients [114, 206]. An
important exception is tardive dystonia, which may markedly improve with
moderate-to-high doses (20 mg/day and higher) of anticholinergics such as
trihexyphenidyl [207, 208].

Anticholinergics have also been hypothesized to predispose patients to de-
velop TD [209], although this has been disputed [206]. The issue may be that
patients exhibiting acute EPS, who are more likely to be treated with anticholin-
ergics, are more susceptible to TD than patients who do not exhibit acute EPS
[210]. In spite of such theoretical considerations, anticholinergics remain useful
for acute EPS for many patients.

Cholinergics
Just as anticholinergics might worsen TD, cholinergic agonists might improve
it. However, numerous studies conducted primarily in the 1970s with several
acetylcholine precursors generally yielded disappointing results [7, 54, 95].
These agents included deanol, choline, and lecithin (a naturally occurring pre-
cursor of choline). One difficulty with interpreting these negative findings is the
issue of how much drugs like deanol actually raise central cholinergic neuro-
transmission. Physostigmine, a centrally acting acetylcholinesterase inhibitor,
has been used to investigate the pharmacology of TD, with mixed results [151,
152, 211]. An encouraging preliminary study using cholinergic-releasing agent,
meclofenoxate, found improvement in 5 out 11 patients [212]. A systematic re-
view of the literature regarding these older cholinomimetic agents was unable
to demonstrate any clear-cut value in ameliorating TD [213]. Surprisingly, the
new generation of centrally acting cholinomimetics, the acetylcholinesterase
inhibitors used for the treatment of Alzheimer’s disease, have not been exam-
ined with respect to TD with one notable exception. In an open-label study
of donepezil, the authors reported that 9 of 10 patients showed improved
TD scores after 6 weeks on 5–10 mg per day [214]. While a more careful
evaluation of acetylcholinesterase inhibitors is warranted, it remains unclear
whether cholinergic agents are useful in suppressing moderately severe TD
symptoms.

GABA agonists
A variety of experimental and commercially available GABA agonists have
been used to treat TD, some with significant success. Jeste and Wyatt’s [7, 54]
review describes 19 studies totaling 204 patients, with 54% having greater than
50% improvement, the most effective nonneuroleptic class of drugs reviewed.
In a 1988 review of nine additional studies, the efficacy of GABA agonists fell
to about 30% [114]. On the other hand, in a selective review of the effects of ben-
zodiazepines, Thaker and colleagues [215] found that, in 15 reports involving
a total of 158 patients, 83% of patients improved to some degree. In contrast,
another recent review indicated that, of all the studies published, only two
met the strict criteria for careful analysis [216]. From these two studies the
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authors could not confidently assert that benzodiazepines offered demonstra-
ble clinical benefit in the treatment of TD. While side effects (e.g., sedation,
ataxia, addiction) may limit the use of many GABA agonists, they have a role,
at least as second-line agents, for the suppression of TD.

Experimental GABA agonists have produced mixed results in clinical stud-
ies. For example, THIP, a GABAA agonist [128], and gamma-vinyl-GABA
(GVG), a GABA-transaminase inhibitor [217], improved TD but to a minor
degree. Muscimol, another GABAA agonist, produced a 45% reduction in
seven patients [218]. Several reports suggest that progabide, a mixed GABAA

and GABAB agonist, may have significant therapeutic effects, but more stud-
ies are needed. While the efficacy of these experimental agents supports
a role for GABA in the pathophysiology of TD, they have limited clinical
utility.

The most extensively studied commercially available GABA agonists in-
clude valproate, diazepam, clonazepam, and baclofen. Regarding valproate,
a 1979 review described three studies using valproate that had mixed results
[95]. Since then, three additional reports were not encouraging. In one, three
of six patients improved [205], while in a second, none of 10 improved [187].
In a third, well-controlled, double-blind study, 33 patients treated for 6 weeks
with valproate were not significantly different than 29 patients treated with
placebo [219]. Diazepam, in contrast, has been more effective. Four studies
prior to 1979 reported improvement in 26 of 29 patients on diazepam [95].
More recently, in a single-blind study, diazepam was again effective in 11 of
20 patients [220]. One drawback is that diazepam can be habit forming or can
cause sedation, depression or, less commonly, impulsiveness and belligerence.
Clonazepam is an effective alternative. Two open studies found markedly dif-
ferent results with 42 of 42 patients benefiting in one [221], but only 2 of 18
improving in another [222]. In a more recent, well-controlled, double-blind
study by Thaker and colleagues [215], suppression was observed in 26.5% of
patients with choreoathetosis and 41.5% of patients with dystonia. Tolerance
can develop to clonazepam’s therapeutic effects, but this may be overcome
by a brief withdrawal period [215]. In eight studies with baclofen, only two
showed significant results [223]. In one of these, 3 out of 13 patients improved
[223], while in the second, 9 of 13 patients improved [224]. Baclofen appears
to act primarily on GABAB receptors, which may not be as important in TD.
A recent review of a variety of GABA agonists studied in randomized trials
concluded that there is no convincing evidence that these agents reduce the
severity of TD [225]. Many studies purporting clinical efficacy of GABA ago-
nists were eliminated from consideration in this review due to a lack of ran-
domization, the use of unstable doses of neuroleptics, a lack of placebo control,
or other major methodological flaws.

In summary, of GABA agonists, benzodiazepines have the most promise in
clinical studies for suppressing TD. On average, 58% of patients in open stud-
ies have improved, while in double-blind studies, 43% have improved [226].
Thus, clonazepam or diazepam is potential therapeutic options in treating
TD. Valproate and baclofen are probably less effective, and cannot be strongly
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endorsed. Newer agents, such as gabapentin, have not been employed in con-
trolled studies.

Antioxidants
One of the more interesting treatments for TD is vitamin E (α-tocopherol),
an antioxidant and free radical scavenger. The original use of this compound
was motivated by the notion that neuroleptics produce toxic-free radicals that
can cause neural dysfunction via cell damage and/or death. Differences in
the production and handling of free radicals among patients may underlie
TD [227]. There is a recent report that a polymorphism of the manganese
superoxide dismutase gene confers increased risk toward the development of
TD [228]. Eleven double-blind, placebo-controlled studies have examined the
effects of vitamin E (Table 9.2) [229]. Of these, three reported no evidence of a
therapeutic effect [230–232]. These negative studies were either brief (2 weeks),
included older patients, or studied patients with a relatively long duration of
TD. In contrast, nine other studies found some evidence of reduced TD severity
with doses ranging from 1200 to 1600 IU per day for 4 to 12 weeks. Vitamin E’s
effects have been most pronounced in patients with relatively recent onset (e.g.,
within 5 years) [229, 233, 234]. Overall, improvement in positive studies has
ranged form 18.5 to 43%. In addition, several open trials or case reports have
also found evidence for therapeutic effects in TD or tardive dystonia [235–237].
On the other hand, a recent large, multicenter study funded by the Veteran’s
Administration of 107 subjects with TD treated either with a daily dose of 1600
IU of vitamin E or placebo for 1 year found no difference between the two
groups [238]. Similarly, several other drugs with antioxidant properties have
not been effective in TD (e.g., selegiline and coenzyme Q). These results raise
significant doubts about the efficacy of vitamin E and other antioxidants in the
treatment of TD.

Calcium channel blockers
Observations that calcium channel blockers may help TD symptoms came
initially from case reports in the late 1980s [239–242] (see Table 9.3). Unfor-
tunately, despite the plethora of anecdotes, only three double-blind, placebo-
controlled, or crossover studies have been published. Suppressive efficacy is
most convincing for nifedipine. Two open, one single-blind, and one double-
blind study all found significant improvement with nifedipine (Table 9.3).
Data on verapamil are more limited; three case reports [239, 240, 244] and
one single-blind, placebo-controlled study of nine patients found that vera-
pamil suppressed moderate-to-severe TD [245]. Case reports suggest diltiazem
may also have at least a temporary suppressive effect [241, 242]. Similarly,
an acute, single-dose, double-blind challenge study concluded that diltiazem
suppressed TD [246]. In contrast, in a 3-week double-blind crossover study,
diltiazem was no different than placebo [247]. One recent review of calcium
channel blockers was inconclusive. The authors felt that all of the studies exhib-
ited significant methodological flaws and larger randomized crossover studies
were needed [115, 116].
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Table 9.2 Studies of vitamin E in tardive dyskinesia

Maximum Duration Number of
Reference dose Design of TD (yrs) patients Outcome

Lohr et al.
[243]

1200 IU Double-blind,
cross-over

2.6 ± 1.9 yrs 15 43% improvement

Elkashef
et al. [328]

1200 IU ×
4 wks

Double-blind,
cross over

3.8 ± 2.8 yrs 8 27% improvement

Schmidt
et al. [230]

1200 mg ×
2 wks

Double-blind,
cross over

10 pts > 1yr
9 pts < 1yr

19 No overall effect

Egan et al.
[233]

1600 IU ×
6 wks

Double-blind,
cross over

5.9 ± 4.8 yrs 18 No overall effect.
9 pts with TD
for 5 yrs or less
showed 18.5%
improvement

Shriqui et al.
[231]

1200 IU ×
6 wks

Double-blind,
cross over

“long duration” 27 No effect

Junker et al.
[329]

1200 mg Double-blind,
cross over

n.s. 16 Significant
improvement in
patients over
age 40

Adler et al.
[234]

1600 IU
8 to 12
weeks

Double-blind,
parallel

9 patients
>5 yrs
4 patients
<5 yrs

28 32% improvement
on vitamin E.
Patients w/TD
<5 yrs did
better (52% vs.
27%)

Akhtar et al.
1993

1200 mg
4 weeks

Double-blind,
parallel

6.5 yrs 32 Greater
improvement in
patients on
vitamin E
(20%) vs.
placebo (8%)

Lam et al.
[232]

1200 IU
4 weeks

Double-blind,
cross over

Not available 12 No difference.
Older patients
(61.8 years).
Long duration
of illness(over
20 years)

Dabiri et al.
[330]

1200 IU
12 weeks

Double-blind,
parallel

14 weeks 11 36% improvement

Lohr and
Caliguri
[229]

1600 IU
2 months

Double-blind,
parallel

11 months 35 24% improvement

Adler et al.
[238]

1600 IU
36 weeks

Double-blind,
parallel

4 yrs 40 30%
improvement,
greater in
patients with
shorter
duration of TD

Adler et al.
[238]

1600 IU
12 months

Double-blind,
parallel

4 yrs 107 No difference
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Table 9.3 Studies on the effect of calcium channel blockers on tardive dyskinesia

Reference Drug Design Duration Maximal dose Outcome

Kushnir and
Ratner [248]

Nifedipine Open 1–8 months 20–80 mg/day Significant
improvement

Duncan et al.
[249]

Nifedipine Single blind 7–14 days 60 mg/day Significant
improvement

Steadman
et al. [250]

Nifedipine Open 6 weeks 60 mg/day Significant
improvement

Suddath et al.
[331]

Nifedipine Double-blind,
cross-over

8 weeks 90 mg/day Significant
improvement

Barrow and
Childs [239]

Verapamil Case report Unspecified 320 mg/day Significant
improvement

Buck and
Havey [240]

Verapamil Case report 6 months 320 mg/day Significant
improvement

Reiter et al.
[245]

Verapamil Single-blind 2–5 days 160–320
mg/day

Significant
improvement

Abad and
Ovsiew
[244]

Verapamil Case report 1 week and
>1 month

1 week: 240
mg/day; >1
month: 360
mg/day

Significant
improvement

Ross et al.
[241]

Diltiazem Case report Few hours to
3 weeks

120–240
mg/day

Significant
improvement

Falk et al.
[242]

Diltiazem Case report 25 weeks 240 mg/day Temporary
improvement

Leys et al.
[246]

Diltiazem Single dose,
double-blind,
placebo
controlled

180 minutes 60 mg Temporary
improvement
up to 90
minutes

Adler et al.
[251]

Diltiazem Single blind 2–12 days 240 mg/day No significant
effect

Loonen et al.
[247]

Diltiazem Randomized,
double-blind,
cross-over

3 weeks 240 mg/day No significant
effect

While the paucity of controlled, double-blind studies for calcium channel
blockers limit conclusions, several trends emerge from prior reports: (a) of
the three, nifedipine may be the most effective [248–250]; (b) regardless of
the calcium channel blocker used, there seems to be a dose-related response
[245, 248–251]; (c) older rather than younger patients may respond better to
nifedipine [240, 248].

Several mechanisms could be involved in the action of calcium channel
blockers. The effects may be due to unanticipated pharmacokinetic effects,
as nifedipine has been shown to produce increased plasma neuroleptic levels
[250]. Alternatively, these drugs may exert therapeutic effects by their actions
on dopamine neurotransmission. In animals, calcium channel antagonists have
been reported to block postsynaptic D-2 receptors and inhibit presynaptic
dopaminergic activity [252]. SPECT studies show that calcium channel block-
ers reduce [127]iodobenzamide binding (a D2 ligand) to D-2 receptors in the
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striatum, suggesting a weak antidopaminergic effect [253]. Finally, calcium
channel blockers exert a number of indirect effects [254], such as reducing
noradrenergic activity that could be related to the apparent decrease in TD
severity. While more data on the neurochemical effects and well-controlled
clinical studies are needed, the data to date suggest that these agents may be
useful for patients requiring TD suppression.

Serotoninergic modulation
The observation that most atypical antipsychotic medications block 5HT2A

receptors suggests that serotonin plays a role in the biology of TD. Could sero-
tonergic drugs play a role in TD suppression? Preclinical studies have shown
that serotonin modulates striatal dopamine release [255]. Limited clinical data
suggests that serotonergic agents may impact TD in humans. Buspirone, for
example, a serotonin 5HT1A partial agonist, has been observed to suppress TD
[256] and levodopa-induced dyskinesias [257]. Subsequent reports, however,
raise doubts about the utility of buspirone as a robust suppressive agent. In
two open trials, one found that TD improved in eight patients [258], while
a second found that, if anything, buspirone worsened TD in seven patients
[259]. In a third open trial of 19 patients treated for 6 weeks, a nonsignifi-
cant 25% reduction in TD severity was observed; haloperidol levels, however,
were significantly increased by 26% in these patients [260]. Paradoxically, bus-
pirone has also been reported to induce akathisia [261], dystonia [262], and
oral dyskinesia [263]. Buspirone’s disparate effects could be attributed to neu-
rotransmitter systems other than serotonin; it is weakly antidopaminergic with
mixed D2 agonist/antagonist properties, and reverses neuroleptic-induced D2

supersensitivity in rats [264]; it is also a sigma receptor antagonist. Based on
these few reports, its routine use for TD suppression cannot be recommended.
In patients who have failed other modalities, however, it could be considered.

Serotonin reuptake inhibitors (SRIs) are a second class of serotonergic med-
ications that sometimes appear to affect hyperkinetic disorders. Preclinical
studies show that SRIs reduce dopamine synthesis in a variety of brain areas,
including the striatum [265]. In monkeys, SRIs inhibit amphetamine-induced
repetitive movements and worsen neuroleptic-induced parkinsonism [161].
Furthermore, in patients, SRIs have been noted to exacerbate parkinsonian
symptoms [266]. Theoretically, one might expect that SRIs might improve
symptoms of TD. Surprisingly, these medications appear to induce “oral hy-
perkinesias’’ in monkeys [161], although it is difficult to know the relationship
between these movements and TD. Case reports have suggested that SRIs oc-
casionally produce dyskinesia in humans phenotypically similar to TD, but
usually subsiding when the SRI is withdrawn [267–271]. These limited ob-
servations, while supporting the role of serotonin in the suppression and en-
hancement of movement disorders, do not indicate a prominent role for SRIs
as suppressive medications.

If SRIs fail to improve TD, one might try the opposite strategy by using a
serotonin antagonist. Two such studies have noted some improvement with the
5-HT2 and antihistamine agent cyproheptadine [272, 273], while a third found
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no effect [274]. A second 5-HT2a receptor antagonist, nefazadone, which also is
a weak SRI, has been tried in patients and improves parkinsonian symptoms
but has little effect on TD [275]. Another recent open-label study of 20 patients
with schizophrenia reported improvement in both psychosis and TD using
12 mg per day of the 5-HT3 receptor antagonist, ondansetron [276]. TD ratings
performed blindly from videotapes improved by almost 50%, a remarkable
change certainly meriting replication. Thus, while many interventions manip-
ulating the serotonin system have not been rewarding, both the possible role
of 5-HT2a receptors in mediating the atypicality of new antipsychotics and the
idea that ondansetron could suppress TD symptoms continue to suggest a role
for serotonin in TD.

Botulinum toxin
Advances in treating other movement disorders are often put to use to treat
TD. This strategy has been particularly successful with the recent introduc-
tion of botulinum toxin to treat tardive dystonia, especially torticollis [277].
Botulinum toxin (type A) blocks acetylcholine release at the neuromuscular
junction, producing a chemical denervation. The resulting focal muscle pare-
sis persists for up to 3 to 6 months [278]. Botulinum toxin injections have been
used to treat blepharospasm, laryngeal and limb dystonias, hemifacial spasm,
tremor, tics, and torticollis [279, 280]. Patients responsive to botulinum injec-
tions may also do well with a newly described surgical procedure involving
selective peripheral denervation of the involved musculature, although such
a radical irreversible approach must be used with caution [281].

Miscellaneous therapeutic agents
A variety of other drugs and neurotransmitter systems have been implicated
in the pathophysiology of dyskinetic movements and could theoretically play
a role in the suppression of TD. Many potential therapeutic agents are de-
scribed only in case reports, small series, animal studies, or unblinded trials,
making conclusions problematic. One particularly interesting approach has
been to use ceruletide, a CCK analogue. CCK is a neuropeptide coexpressed in
dopaminergic neurons and appears to function as a neuromodulator in the
striatum. CCK purportedly exhibits neuroleptic-like effects on dopamine
receptors, metabolism, and behavior. Ceruletide itself appears to inhibit
some of the behavioral effects of amphetamine, reduces striatal dopamine
metabolism [282], and blocks dyskinetic mouth movements in an animal model
of TD [283]. Ceruletide has been found to be beneficial in one study of seven
patients [284], which included several with severe TD. In a much larger
(N = 77), well-controlled, parallel study, long-lasting moderate-to-marked im-
provement was seen in 42.5% of patients receiving the active drug, compared
with 9.1% improvement in the placebo group [285]. While seemingly promis-
ing, one difficulty with interpreting these data is that ceruletide is a peptide,
which, administered peripherally, may not get into the brain in appreciable
amounts [286]. On the other hand, peripherally administered ceruletide has
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been shown to have central effects on dopamine neuronal activity [287] and
metabolism in rats [282].

Lithium is frequently mentioned in conjunction with TD, although few data
on its effects are available. Lithium appears to prevent dopamine supersensi-
tivity in rats when used with neuroleptics [288]. In humans, epidemiological
data suggest that when lithium is added to neuroleptic treatment, the inci-
dence of TD is reduced [23]. In contrast, lithium has not been successful as a
suppressive agent [226].

Anecdotes of successful treatments with a pharmacopoeia of other, often un-
usual interventions abound. A very low dose of prednisolone, for example, sur-
prisingly produced a complete remission in two patients with severe TD [289].
Estrogen replacement produced marginal improvement in postmenopausal
women [223]. An experimental neurotensin receptor antagonist inhibits dysk-
inesias in a rodent model of TD [290]. Another unusual and perhaps unortho-
dox approach is the use of branched chain amino acids [291]. This group has
reported a significant improvement in TD symptoms in 18 patients treated for
3 weeks with 222 mg per kg of branched chain amino acids, compared to 18
placebo-treated patients. Remarkably, the authors noted a positive correlation
between decreases in TD ratings and aromatic amino acid plasma concentra-
tions [292]. The use of dentures and correction of other dental problems has
been observed to markedly reduce oral TD. Canes, braces, or biofeedback may
offer limited benefit in severe cases. ECT has had variable effects with a few pa-
tients reportedly having dramatic improvements [293]. Once again with ECT,
as with so many reported treatments for TD, controlled trials are lacking. These
experimental interventions may merit some consideration in severe cases of
TD when all other therapeutic options have failed.

Neurosurgical interventions
Neurosurgical interventions for movement disorders have gained a new cur-
rency with improved functional outcomes and decreased mortality and mor-
bidity [294]. Stereotactic guidance utilizing CT or MRI scanning in conjunction
with intraoperative electrophysiological monitoring has greatly advanced the
field [295]. There is at least one case report of dramatic improvement in TD
following pallidotomy [296]. Another case of severe TD with dystonic compo-
nents has been effectively treated with a ventral thalamotomy [297]. Serious
potential side effects, including damage to the optic tract and other nearby
vital structures, probably will limit this form of treatment as “the treatment of
last resort.’’

Future research strategies
Theoretically, attempts to reduce stimulation from the D1-mediated striatoni-
gral pathway should reduce hyperkinetic movements by increasing GABAer-
gic activity in projections from the substantia nigra and globus pallidus interna
to the thalamus. This, in turn, would decrease thalamocortical activity, and,
ultimately, motor activity. What is not clear, however, is how one might re-
duce striatonigral activity. One strategy, from animal behavioral work, is to
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use D1 antagonists. A number of investigators have looked at the role of D1

antagonists in movement disorders and dyskinesia (e.g., [298]). While no D1

antagonist is currently available for clinical use in the United States, and con-
trolled studies are few, at least one trial of a mixed D1 and D2 antagonist was no
better than a more pure D2 antagonist in suppressing TD [299]. Furthermore,
in spite of preclinical data from rats and primate studies ([298], see discussion
in [300]) suggesting a role for D1 receptors in levedopa-induced dyskinesias,
at least one study in humans did not support this notion [301].

A second approach might be to alter neurotransmission by the colocalized
basal ganglia neuropeptides, including dynorphin, enkephalin, and substance
P. In humans, several case reports suggest that intravenous naloxone, a rela-
tively nonspecific opioid receptor antagonist, reduces levodopa-induced dysk-
inesias [302] and tardive dyskinesia [303, 304]. Paradoxically, morphine, an opi-
oid receptor agonist, may improve dystonic posturing in patients with tardive
dyskinesia [305] and levodopa dyskinesias in parkinsonian patients [306]. In an
additional complication, naltrexone failed to improve levedopa-induced dysk-
inesias in parkinsonian patients [307]. While such case reports are suggestive,
more data are needed before the clinical utility or feasibility of modulating
basal ganglia pathways through agents directly acting on neuropeptides is
considered. Indeed, a greater understanding of the neurobiological meaning
of this concept is a goal of current research. Nevertheless, for the intractable
patient who has exhausted other options, this approach may offer some hope.

New laboratory techniques hold the promise of increasing our under-
standing of the molecular mechanisms underlying TD, and all hyperkinetic
movement disorders. Perhaps the most exiting is high throughput molecular
profiling with cDNA microarrays [308]. Microarrays simultaneously assay the
relative levels of mRNA expression of thousands of genes from a single tissue
sample. The interrogation of the transcriptome of basal ganglia structures holds
great promise. Microarray studies can either be performed on tissue from an-
imal models of TD or postmortem human specimens comparing individuals
with and without TD. Such studies hold the promise of defining the molecular
mechanisms underlying this disorder. Equally importantly, microarrays might
also help identify new therapeutic strategies.

Another emerging molecular genetic research strategy involves looking for
alleles that either increase the risk of or protect individuals from the devel-
opment of TD. Functional genomic studies have begun to clarify the impact
of normal genetic variation on complex behaviors, susceptibility to neuropsy-
chiatric illness, information processing, and patterns of neural activation on
functional imaging studies. Normal variation in several genes has been as-
sociated with differential biological function and several neuropsychiatric ill-
nesses. One of the first reports suggesting a link between genotype and the
susceptibility to TD involved the CYP2D6 gene, a cytochrome p450 enzyme
important in the metabolism of neuroleptics and other drugs [309]. This was
confirmed independently by several groups [310, 311]. Subsequent studies
have suggested a link between TD and polymorphisms in the dopamine D-2
receptor [312, 313], dopamine D-3 receptor [314, 315], μ opioid receptor [316],
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serotonin 2-A receptor [317, 318], serotonin 2-C receptor [319], and manganese
superoxide dismutase genes [228]. Many of these reports are underpowered
with respect to the size of the patient cohorts, and several have been disputed
[320–324]. The association with a polymorphism in the dopamine D-3 receptor
gene seems to be the best established [325]. This strategy holds the promise of
identifying those individuals at risk for the development of TD, and modifying
their treatment accordingly. Moreover, pharmacogenomics may yield impor-
tant clues into the pathophysiology of TD, and help devise novel and more
effective treatments for those individuals already suffering from this disorder.

Summary

Despite the promise of a new generation of “atypical’’ antipsychotic neurolep-
tics with reduced EPS, TD remains a vexing albeit diminishing clinical issue.
Prevention is still an important approach; clinicians must consider whether
other treatments are more effective than neuroleptics. This is particularly true
for high-risk groups, such as the elderly and patients with brain damage or
diabetes. For many patients, neuroleptics are unavoidable for the treatment
of chronic psychosis. In such patients, initiation of therapy with an atypical
agent may lower the risk for the subsequent development of TD. If TD de-
velops, a thorough neurological evaluation should be considered. Switching
from a typical to an atypical agent is a common first step although the effi-
cacy of this approach is unclear (see Table 9.1). If typical agents are needed, the
dose should be tapered to the lowest possible effective level. Adding vitamin E
to typical agents may also be worthwhile albeit still unproven. Targeted dos-
ing has generally not been better than continuous treatment for the majority
of patients. Neuroleptic discontinuation is frequently recommended and has
limited success, but is fraught with risks of its own.

Fortunately, the incidence of severe TD is relatively low. When TD does cause
distress, disfigurement, or adversely affects health or function, suppressive
agents may be needed. Some studies suggest that atypical antipsychotics may
be useful in such cases, although more data are needed. At present, many
consider them to be a first-line treatment for suppression. Clozapine is often
considered a second-line agent due to complications associated with its use.
Suppression can be tried with drugs that are fairly safe and have at least some
moderate record of success. These third-line agents include vitamin E, calcium
channel blockers, and adrenergic antagonists, such as clonidine. Medications
that have more side effects or risks, but that are probably more effective in the
short term, include benzodiazepines and dopamine-depleting agents. These
fourth-line agents are sometimes used first by movement disorder specialists
when a rapid response is needed. A fifth approach is to increase the dose of
typical neuroleptics in an attempt to achieve temporary suppression, followed
by a gradual reduction. This does not always produce suppression and runs
the theoretical risk of long term-worsening. More experimental agents can
be tried when other attempts fail. These include cholinergic agonists (e.g.,
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tacrine), melatonin, dopamine agonists (e.g, amantadine), buspirone, GABA
agonists (e.g., gabapentin), cyproheptadine, ondansetron, opioid agonists or
antagonists, estrogen, steroids, or even ECT. When dystonia is a prominent
feature, specific therapeutic agents include anticholinergics and, if sufficiently
localized, botulinum toxin injections.

The use of suppressive agents is typically a highly individualized process.
The steps outlined here should be considered only a proposal based on our
experience. It has not been prospectively evaluated, and other experts may
have differing approaches. Furthermore, this approach may not be the best
one in all circumstances. Many patients will have special needs indicating that
third- or fourth-line agents should be tried first. Often, a trial of at least several
drugs is needed before an effective one is found. In our experience, success
can sometimes be achieved by patiently trying a number of agents one after
another. This requires not only familiarity with the many strategies described
above, but a strong, working alliance with the patient.

Tardive dyskinesia will remain a major public health issue in psychiatry at
least for the near future. With advances in the understanding of the mecha-
nisms of action of atypical antipsychotics and the physiology of the basal gan-
glia, continued improvements can be anticipated. With the discovery of sus-
ceptibility genes for TD, individuals at high risk might be identified prior to the
initiation of neuroleptic therapy, and the application of alternative pharmaco-
logical approaches might reduce this risk. While the treatment of TD remains a
formidable problem, prevention through the use of atypical agents, alternative
psychotherapeutic agents, and pharmacogenomics promise to make TD an in-
creasingly rare clinical entity for future generations of clinicians and patients.
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CHAPTER 10

Neuroleptic-induced tardive
dyskinesia variants

Frank Skidmore, William J Weiner, and Robert Burke

Introduction

Since the earliest reports of tardive dyskinesia (TD), a variety of involuntary
movements, in addition to the well-known oral-buccal-lingual masticatory
movements, have been described, including dystonia, akathisia, myoclonus
tics, and tremor. These variants are now well recognized. It is difficult to know
why, historically, these forms took longer to gain wide recognition. One prob-
able reason is that while definitive prevalence studies have not been done, it
appears that these forms are less common than oral-buccal-lingual dyskinesia.
In addition, some of the clinical features of the two major variants, tardive dys-
tonia and tardive akathisia, are quite variable, and not widely known among
neurologists and psychiatrists, although movement disorders specialists have
come to recognize certain tardive dystonic postures (e.g., retrocollis) as
“classic.’’ In spite of the delayed recognition of these variants, there now seems
to be a consensus that they do exist as distinct forms of tardive dyskinesia,
and that they also occur in isolation. In addition, although they have a clin-
ical pharmacology similar to that of oral dyskinesia, in that they are caused
and suppressed by antidopaminergic drugs, there is some evidence that they
have their own unique pharmacology as well. Most importantly, these variants
deserve distinct recognition because, unlike oral dykinesia, they are usually
quite disabling, particularly tardive dystonia. Therefore, the main emphasis
here will be on the clinical recognition, differential diagnosis, and treatment
of these disorders.

The term tardive dyskinesia is used differently by different authors. In this
chapter, the term is used to encompass all forms of persistent dyskinesia due
to neuroleptics, and it, therefore, includes not only classic oral dyskinesia, but
also the variant forms described here. The reader should be aware that in
the early literature the term is used to refer strictly to the oral-lingual form
of dyskinesia. Although the term tardive was originally intended to empha-
size the late appearance of these disorders during neuroleptic treatment, it is
now clear that these disorders may appear early in the course of therapy, and
there is no fundamental distinction between cases appearing early and those
appearing late. The current definition emphasizes what is a more important
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characteristic shared by these disorders, their persistence. It is this characteristic
that distinguishes these tardive dykinesias from the other neuroleptic-induced
movement disorders, including acute dystonia, acute akathisia, and parkinson-
ism, which typically remit following cessation of neuroleptics.

Tardive dystonia

The nature of dystonic movements
Dystonic movements are strikingly different from the classically described
oral-lingual masticatory movements, and it is this clear distinction in clini-
cal phenomenology, which led investigators to identify persistent dystonia
as a distinct subtype of tardive dyskinesia [1], although many earlier reports
had also noted this occurrence [2–12]. Dystonia is defined as “a syndrome
of sustained muscle contractions, frequently causing twisting and repetitive
movements, or abnormal postures’’ [13]. Dystonic movements take on a vari-
able appearance according to the body region involved. For example, dysto-
nia affecting the muscles about the eyes (blepharospasm) appears as frequent
blinking in mild form, and sustained spasms of eye closure in more severe
form. Dystonia of lower facial muscles appears as facial grimacing, sustained
jaw closure, opening, or deviation. Sustained, forceful protrusion of tongue
may also occur. Neck involvement may appear as twisting about the long axis
of neck (torticollis), backward pulling (retrocollis), forward pulling (anterocol-
lis), or a mixture of these. Further examples of dystonic movements affecting
other body regions in tardive dystonia will be discussed.

Two general features of dystonic movements deserve mention. First, many
dystonic movements are action-specific, meaning that they occur with some
actions but not with others. For example, some individuals with dystonia af-
fecting the hand will develop involuntary movements only during the act
of writing (“writer’s cramp’’). We have observed an individual who had pro-
nounced tardive dystonia of the arms and trunk with walking, but who showed
minimal dystonia during dancing. A similar case has been described where
truncal and cervical dystonia present with sitting and walking dissipated with
dancing [14]. A videotape of this case has been published. Second, many pa-
tients with dystonia note that their movements can be partially controlled by
simple tactile maneuvers, such as touching the chin to control torticollis, or the
brow to control blepharospasm. These “sensory tricks’’ are quite characteris-
tic. Both the action-specific nature and partial control by sensory tricks often
mislead neurologists and psychiatrists to an erroneous diagnosis of hysteria
or malingering in patients with true dystonia. It should be noted that these
features are present in idiopathic and tardive dystonia.

The evidence that chronic dystonia is associated
with neuroleptic drug use
For the oral-buccal-lingual form of tardive dykinesia, retrospective epidemi-
ologic studies have convincingly demonstrated an association between the
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Table 10.1 Selected reports of cases of persistent dystonia associated
with dopamine antagonist treatment

Authors Year Patients (No.) Age of onset (Years)

Druckman et al. [2] 1962 1 46
Chateau et al. [3] 1966 1 27
Dabbous and Bergman [4] 1966 1 5
Harenko [5] 1967 6 74–89
Burke et al. [1] 1982 42 13–60
Kang et al. [18] 1986 67 13–72
Yassa et al. [20] 1986 7 21–76
Friedman et al. [21] 1987 5 Not listed
Lang [22] 1990 20 22–50
Miller and Jankovic [23] 1990 30 13–89
Wojcik et al. [24] 1992 32 22–69
Van Harten, et al. [16] 1996 26 Not listed
Kiriakakis [25] 1998 107 13–68

use of neuroleptics and the involuntary movements [15, 16]. These data are
important to establish a causal relationship between drug use and the oral
movements, because oral, masticatory movements apparently can occur in el-
derly patients spontaneously [17]. Dystonic movements may also occur spon-
taneously, and therefore, it is important to consider the evidence to support an
association between neuroleptic drug use and persistent dystonia. The Curaco
study, a prevalence study of extrapyramidal syndromes among all psychiatric
inpatients in the Netherland Antilles, strongly supports a connection between
dystonia and neuroleptic use [16]. In this well-defined catchment area with
only one psychiatric hospital, the investigators used the Fahn-Marsden scale
for evaluating dystonia and found that 13.4% of chronic psychiatric inpatients
(all on neuroleptics) had dystonic movements. Little is known of the epidemiol-
ogy of the dystonias, but these are not common disorders (certainly much lower
than a prevalence of 13.4%), and the frequent association between dystonias
and neuroleptic use in this study population is highly suggestive. Table 10.1
lists a number of reports of dystonia occurring during neuroleptic drug use.
This list is undoubtedly not complete, because some authors do not use the
term dystonia to characterize the involuntary movements; for example, the
term Pisa syndrome appears to refer to a truncal dystonia that causes leaning.
Furthermore, movement disorder neurologists now consider the association
between neuroleptic use and persistent dystonia to be so commonplace that
these cases are no longer reported, unless there is some aspect of interest.

In addition to the frequently reported association between neuroleptic use
and dystonia, a number of other observations suggest a casual relationship.
First, there are close temporal relationships between the use of neuroleptics
and the occurrence of dystonia in given individuals. In one report, there was
a 12% remission rate of dystonia following withdrawal of neuroleptics [18].
The majority of these individuals had nonfocal dystonias that spontaneously
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remitted. Second, when dystonia occurs during treatment with neuroleptics, it
occurs with oral-lingual dyskinesia in 55% of cases or with tardive akathisia in
31% of cases. Strong evidence indicates that both oral-lingual dyskinesia and
tardive akathisia are due to neuroleptic drugs, and their cooccurrence with dys-
tonia strongly suggests that it is also due to the drugs [16]. Idiopathic dystonia
and dystonia due to other identifiable etiologies do not cause the simultaneous
occurrence of oral dyskinesias or akathisia. Third, it is clear that neuroleptics
cause acute dystonia, and in a few instances, these occurrences have contin-
ued as persistent dystonia [1]. Fourth, the clinical pharmacology of persistent
dystonia, which develops during neuroleptic drug treatment is distinctive; it
fairly consistently can be suppressed by dopamine receptor-blocking drugs
or dopamine depletors [18]. In this respect, it is like other forms of tardive
dykinesia (e.g., oral-lingual dyskinesia) and is unlike other forms of dystonia
[19]. These considerations have led many movement disorder neurologists to
conclude that neuroleptics are capable of causing persistent dystonia.

Diagnostic criteria
Criteria for a diagnosis of tardive dystonia include the following: (1) The pa-
tient must have dystonia. (2) The dystonia must develop either during or within
3 months of a course of neuroleptic treatment. This 3-month cutoff is arbitrary
in recognition of the fact that neuroleptics may suppress tardive dyskinesia
and often movements do not become apparent until some time after drugs
have been stopped. In the absence of direct evidence, it seems difficult to claim
that a movement disorder due to neuroleptics could first appear more than
3 months after their use. (3) Wilson’s disease must be excluded by a 24-hour
urine copper and a slit-lamp examination for Kayser-Fleischer rings. In ad-
dition, there must be no other neurological signs to suggest one of the many
known causes of secondary dystonia [26]. (4) There must be a negative family
history for dystonia, or, in a family with a known genetic cause (e.g., DYT1),
the known mutation must be excluded. Otherwise, in the presence of a positive
family history, it would not be possible to know whether the affected individ-
ual had neuroleptic-induced dystonia or had simply expressed an inherited
form coincident with neuroleptic use.

In the diagnosis of tardive dystonia by the above criteria, the presence of
dystonia is sufficient. Dystonia need not be the dominant movement disorder,
and it is not necessary to force a single unitary diagnosis on a patient; thus, a
given patient may have not only tardive dystonia, but also classic oral-lingual
dyskinesia or tardive akathisia. If all are present, all may be diagnosed. Pa-
tients with tardive movement disorders frequently demonstrate a mixture of
abnormal movements, and to attempt to choose one as “predominant’’ is often
subjective and arbitrary.

Epidemiology
Tardive dystonia has not been the subject of prospective case-control studies,
but it is clear that it is undoubtedly less common than oral-buccalingual tardive
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dyskinesia. In a survey of 555 psychiatric in- and outpatients, Yassa and col-
leagues found a prevalence of 34% for oral tardive dyskinesia, and only 1.4% for
tardive dystonia [27]. Similarly, Friedman and coworkers found a prevalence
of only 1.5% among 352 psychiatric inpatients [21]. Estimates of the prevalence
of dystonia depend on the diagnostic criteria used. Sethi et al. [28] found that
27 of 125 veterans on chronic antipsychotic medication had some form of dys-
tonia. Notably, in the latter group “mild dystonia’’ was taken into account and
only 20% of these cases (or 4% of the total cases) were symptomatic. Using
the Fahn-Marsden scale to rate dystonia in a large epidemiologic study, van
Harten et al. [16] found the prevalence of dystonia to be 13.4% in a defined
catchment of patients in the Netherland Antilles; however, the authors noted
that only 2.9% of their study population had “moderate-to-severe’’ dystonia,
as defined by dystonia involving at least two body areas moderately or one
severely.

Although patient characteristics for oral dyskinesia and tardive dystonia
have rarely been compared within the same patient population, it appears
that tardive dystonia usually has an earlier mean age of onset. In Yassa’s study
[27], 11 patients with severe oral dyskinesia had a mean age of onset of 64 years
whereas 8 patients with tardive dystonia had a mean age of onset of 40.5 years.
Similarly, other investigators have noted an early mean age of onset, ranging
from 34 to 39 years [1, 18, 26]. In a patient population referred for neurological
evaluation, Miller and Jankovic [23] reported a mean onset of 45 years among
30 tardive dystonics, and 59 years among 79 patients with predominantly oral
dyskinesia. In that series, the majority of patients with oral dyskinesia had
onset in the sixth to eighth decades, whereas patients with tardive dystonia
had a uniform distribution of age of onset. Similarly, Kang et al. [18] found
in a series of neurological referrals that age of onset of tardive dystonia was
uniformly distributed across a range spanning from 13 to 72 years. There is a
relationship between age of onset and distribution of dystonia. Site of onset,
for example, is more likely to be in the lower limbs in younger patients. In
older patients, the upper limbs, neck, or face are more likely to be involved
[1, 25]. As in the primary dystonias, focal and segmental dystonias, including
craniocervical dystonias, are more common in older patients. Tardive dystonia
is more likely to generalize in younger patients. Regardless of age of onset,
however, few dystonias remain strictly focal at the time of maximum severity
[1, 25].

There is evidence that gender, like age, can impact the development of tar-
dive dystonia. The literature has been mixed on the point of whether males
are more likely to develop tardive dystonia, with some studies showing a male
predominance [1, 21, 24, 25, 26], and others showing approximate equal preva-
lence in males and females [18, 23, 28]. Many earlier studies, however, were
based on referral populations, in which referral bias can influence the results.
A more complicated picture has arisen in recent studies, which suggests that
age of onset may be the largest factor in the differences seen between males
and females in earlier studies. A difference in age of onset between male and
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female patients has long been noted, and both Kang et al. [18] and Kiriakakis
et al. [25] have noted differences in the age of onset between males and fe-
males. In Kang’s series, the mean age of onset in men was 34 years, compared
to 33.5 in Kiriakakis’series. Among women, the mean age of onset was 44 years
and 43.8 years, respectively [18, 25]. Notably, in Kiriakakis’ series, it was noted
that the mean age of onset of neuroleptic use for men among the patients was
27.9 years (5.5 years before mean age of onset of dystonia). This is in contrast
to women, in whom the mean age of onset of neuroleptic use was 36.4 years
(7.4 years before onset of dystonia). Kiriakakis’ data suggest that not only do
males develop tardive dystonia at an earlier age than females, they may de-
velop dystonia more rapidly after exposure to dopamine-blocking agents [25].
Kiriakakis’ findings are supported by those of van Harten et al. [16] in the
Curacao study, an epidemiologic study of tardive syndromes in a defined
catchment population. In this study, males under 44 years were more than
twice as likely to have dystonic movements than females under the age of
44 years. When the investigators looked at patients older than 65 years, how-
ever, women were twice as likely as men to have dystonia. Moreover, 62.5%
of women with tardive dystonia in this study were older than 70 years. This
is notable, as in one earlier study [21] showing a higher prevalence in men,
patients over the age of 70 years were excluded. Despite the later age of onset
in women, van Harten et al. [16] noted no specific difference in prevalence
between male and female patients in their population.

Virtually all of the dopamine (DA) receptor antagonists that have been re-
ported to cause oral tardive dyskinesia have also been reported to cause tardive
dystonia. These include the aliphatic, piperazine, and piperidine classes of
phenothiazines; butyrophenones (e.g., haloperidol); thioxanthenes (chlorpro-
thixene, thiothixene); dipenzazepines (loxapine); diphenylbutylpiperidines
(pimozide); and an indolone (molindone) [1, 18, 23]. Amoxapine, an antide-
pressant with DA receptor-blocking properties, has also been implicated in
cases of tardive dystonia. Several antiemetics with DA receptor-blocking prop-
erties have also been associated with tardive dystonia, including prochlorper-
azine [18], promethazine [1], and metoclopramide [23, 29]. There is hope that
the so-called “atypical neuroleptics’’ may have a lower propensity to cause
tardive dystonia. Tardive dystonia, if it occurs at all [30], appears to be ex-
tremely rare with the atypical neuroleptic clozapine, although acute reversible
withdrawal emergent dystonia has been reported [31]. The record of other
“atypical neuroleptics,’’ however, is mixed. Both quetiapine and olanzepine
have been implicated in the development of tardive dyskinesia [32, 33], a
condition that has similar risk factors. There is a report of a patient devel-
oping tardive dystonia on olanzepine, although this patient had a prior his-
tory of exposure to other neuroleptics [34]. There has been no report to date
of tardive dystonia in association with quetiapine. The rate of tardive syn-
dromes with both these medications may be lower than that found with the
use of typical neuroleptic agents [35, 36]. Risperidone was formerly consid-
ered an atypical neuroleptic, but now has a well-recognized association with
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Figure 10.1 Duration of exposure to dopamine antagonists among patients with tardive dystonia
(from reference [17]). The cumulative percentage of patients with tardive dystonia is shown in
relation to years of exposure to dopamine antagonists, for both the 67 patients in reference [17]
(black circles) and 43 patients in the literature as of 1986 (open triangle) (see reference [17] for
citations). Instances of tardive dystonia occurred soon after exposure, seen as a rapidly rising
cumulative percentage curve arising from the origin. Thus, there was no “safe” minimum exposure
less than which this condition was unlikely to occur. (Reproduced with permission [17]).

parkinsonism [37, 38] and tardive syndromes [39–41] including tardive dysto-
nia [42–45].

As there have been no prospective studies, there has been no careful assess-
ment of any possible relationship between duration or dose of antipsychotics
and the likelihood of occurrence of tardive dystonia. Retrospective studies
have shown that although tardive dystonia usually occurs, on the average,
following years of neuroleptic exposure, it can also occur within a few days
or weeks [1, 18, 25]. In Burke’s original series [1], a patient developed persis-
tent dystonia after just 3 days of exposure. In Kang’s series, 20% of patients
developed dystonia within the first year of exposure (Fig. 10.1) [18]. The same
was true of 43 patients reported in the literature at that time (Fig. 10.1). More
recently, Kiriakakis et al. [25] in a series of 107 patients with tardive dystonia
found that the onset of dystonia occurred as soon as 4 days after exposure, and
as late as 23 years after initial exposure. Anecdotally, one of us (RB) has seen a
patient develop persistent, nonreversible dystonia 1 day after initial exposure
to a dopamine-blocking agent. There does not appear to be a minimum “safe’’
period of exposure to neuroleptics during which time tardive dystonia will
not occur.

The occurrence of acute dystonia does not appear to be a significant risk
factor for the occurrence of tardive dystonia. In Kang’s series of 67 patients,
only four (6%) had a history of an acute dystonic reaction, which is not much
different from the incidence in the general population exposed to neurolep-
tics [18]. Prior brain injury, however, may impact the development of tardive
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dystonia. In Burke’s original description of 42 cases of tardive dystonia, 7 of
18 patients with onset prior to 30 years had a history of an abnormal birth
or development [1]. Subsequently, in a retrospective analysis of neurological
referrals, Gimenez-Roldan and coworkers noted mental retardation in 3 of 9
tardive dystonia patients [46]. However, it is difficult to know the significance
of these observations made in selected patient groups, referred for neurologi-
cal evaluation, and in the absence of controls.

The question of genetic predisposition is relevant to the epidemiology of
tardive dystonia. The incidence of tardive dystonia in patient populations ex-
posed to dopamine-blocking agents has varied, but even the highest quoted
incidence has been less than 22% [26], and most authors quote incidence rates
of between 1.4% and 2.7% [20, 21, 25]. The low prevalence of development of
tardive dystonia in most studies would suggest some interaction with other
factors such as genetic factors. It is, in fact, notable that the one epidemiologic
study of tardive dystonia showing a much higher incidence of 13.4% involved
a single, well-defined and potentially more genetically homogeneous popu-
lation [16]. However, to date, there have, been no studies specifically linking
DYT1 mutations or other genetic defects to the development of tardive dys-
tonia [47]. In the absence of more knowledge regarding the causes of idio-
pathic torsional dystonia there is a limit to our current ability to study this
issue.

It is unknown, in the absence of adequate epidemiologic data, whether any
particular psychiatric diagnosis constitutes a specific risk factor for the de-
velopment of tardive dystonia. It is clear, however, from multiple retrospec-
tive analyses that the full range of possible psychiatric diagnoses is repre-
sented among these patients. In Kiriakakis’s series [25], only 57% of patients
received dopamine-blocking agents for schizophrenia or schizoaffective dis-
orders. Other diagnoses in their patient population included mood disorders,
personality disorders, and vertigo or gastrointestinal syndromes. In Kang’s
series of 67 patients [18], many patients (12 of 67) also had unclear indications
of the use of dopamine-blocking agents, indicating that more careful consid-
eration in the use of these drugs may be warranted.

Clinical features

Onset
Tardive dystonia uniformly affects all age groups. In Kang’s study of 67
cases the reported ages of onset ranged from 13 to 72 years, with a mean of
39 years [18]. Kiriakakis’s later series [25] had a strikingly similar age range
and mean age of onset (mean 38.3 years, range 13–68 years). Males develop
tardive dystonia earlier than females. In most patients, tardive dystonia begins
in the face or neck. This was the case in 67% of patients in Burke’s series [1].
Less commonly, the dystonia may begin in one of the arms. In our experience,
tardive dystonia never begins as a focal foot dystonia. In this respect, it differs
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from the primary torsion dystonias, which commonly, in children, begin in a
foot.

Clinical course
Since tardive dystonia has never been the subject of a prospective analysis, it is
difficult to describe how it typically evolves, either in patients maintained on
neuroleptics or in those taken off them. On the basis of retrospective analysis
it is known that tardive dystonia usually begins in one location and spreads
to other body regions. The clinical presentation of tardive dystonia can be
indistinguishable from the presentation of idiopathic torsion dystonia, and
patients have been described to clinically resemble cervical dystonia [48, 49],
blepharospasm [42, 50, 51], and primary oromandibular dystonia [52]. Tardive
dystonia can also present with a unique syndrome of retrocollis, posteriorly
arched trunk, internal arm rotation, and elbow extension with wrist flexion [18,
37, 53]. This pattern is almost never described in idiopathic torsion dystonia,
and should raise the suspicion of neuroleptic exposure even if the history is not
readily available [37]. One clinical finding that can help to differentiate tardive
dystonia from idiopathic cervical dystonia is the propensity of tardive dystonia
to improve with walking, a finding that is distinctly uncommon in idiopathic
torsion dystonia [18, 37]. This is distinctly different from the often-observed
improvement in ambulation in primary dystonic gait disorders when patients
walk backward. Dystonic ocular deviations, although rare, also diagnostically
strongly favor dopamine-blocking agent exposure [54], as this type of dystonic
finding is essentially undescribed in idiopathic torsion dystonia. As with id-
iopathic torsion dystonia, tardive dystonia can sometimes be relieved briefly
by “sensory tricks,’’ such as a touch to the chin to relieve torticollis, a touch
above the brow to relieve blepharospasm, or a hand lightly resting on the hip
to straighten severe axial torsion. In addition, tardive dystonia, like the pri-
mary dystonias, can be remarkably action-specific. The action-specific nature
of the dystonia can lead to misdiagnosis, especially in a population of patients
with a prior psychiatric diagnosis. The clinical diagnosis of tardive dystonia is
often aided by the coexistence of other tardive involuntary movements. Classic
oral-buccal-lingual tardive dyskinesia occurred sometime during the course in
55% of patients with tardive dystonia Kang’s series and in 32% of the patients
in Kiriakakis’ series. Tardive akathisia, was present in 31% and 22% of these
series, respectively [18, 25].

The clinical course and spectrum of tardive dystonia has been described in
a number of retrospective reports. In Kang’s series [18], only 15% remained
focal. Most developed dystonia in multiple regions; an additional 13% devel-
oped generalized dystonia. This is in agreement with Kiriakakis’ later study
of 107 patients [25]. Only 16% of their patients had focal dystonia at maximum
severity of symptoms, even though 83% presented with focal dystonia [25].
The craniocervical region was affected in 87% of patients in Kiriakakis’ se-
ries, and 83% in Kang’s series. Retrocollis, anterocollis, and trunk involvement
with back arching were more common in patients with tardive dystonia than
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in those with idiopathic dystonia [18, 25]. Younger patients were more likely to
have onset in the lower limbs, while older patients tended to have onset in the
upper limbs [25]. In both series, earlier exposure to neuroleptics and younger
age were associated with generalized dystonia, while patients with focal or
segmental dystonia tended to be older or to have exposure to neuroleptics
at a later age. A longer duration of exposure to neuroleptics, however, did
not correlate with more severe dystonia. On the contrary, patients who devel-
oped generalized dystonia in one study had been treated for shorter periods
by the time of dystonia onset (4.9 years) than patients with focal dystonia
(13.6 years) [18].

Although significant disability can result from tardive dystonia, the devel-
opment of a bedridden state is rare, and in Burke’s series of 42 patients, only
one was bedridden [1]. Case reports of severe disability sufficient to cause a
bedridden state are similarly rare [29, 55, 56]. In spite of the rarity of this de-
gree of disability, the bedridden state can occur, and in some instances severe
tardive dystonia can lead to life-threatening complications. Severe retrocol-
lis sufficient to cause life-threatening dysphagia has been described [57, 58].
Lazarus and Toglia [59] described a young woman with tardive dystonia who,
3 months after withdrawal of neuroleptics, developed what could be termed a
dystonic storm with development of severe dystonic movements that resulted
in elevation of serum muscle enzymes, myoglobinuria, renal failure, and death.
We have also observed patients with long-standing tardive dystonia who sud-
denly develop a severe dystonic state with elevation of serum muscle enzymes,
either following abrupt neuroleptic withdrawal or in the setting of systemic
infection. It can be difficult to differentiate such severe exacerbations of tar-
dive dystonia from neuroleptic malignant syndrome (NMS) (see Chapter 8).
A key point of distinction is that a tardive dystonia patient will have a history
of chronic dystonic movements, whereas a patient with NMS will develop
severe dystonia (and/or rigidity) acutely.

Analysis of patient outcome data in the literature reveals that the chance
of remission of tardive dystonia is low, but that chance of remission can be
significantly increased by stopping dopamine-blocking treatment at the onset
of dystonia [1, 18, 24].

In Kiriakakis’s series of 107 patients, only 14% of patients underwent a
remission over a mean 8.5-year follow-up period [25]. This is in agreement
with Burke et al.’ series [1], in which only 12% (5 of 42) underwent re-
mission. Remission in Kiriakakis’ series could occur as late as 9 years after
stopping dopamine-blocking therapy, but occurred a mean of 2.6 years af-
ter discontinuation of dopamine-blocking agents. Length of exposure also af-
fected the likelihood of remission, as patients with ≤ 10 years of exposure
to dopamine-blocking agents had a fivefold greater chance of remission than
those with >10 years of exposure. Permanently stopping dopamine-blocking
therapy in the Kiriakakis study also was associated with remission (12 of
54 patients stopping dopamine-blocking agents had remissions, while only 3
of 52 patients who continued dopamine-blocking agents had remissions) [25].
Other than cessation of dopamine-blocking agents, Kirakakis et al. could find
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no specific pharmacologic therapy that altered the outcome of tardive dys-
tonia, although a variety of treatment including botulinum toxin have been
associated with symptomatic improvement [49, 60, 61].

Differential diagnosis and diagnostic evaluation
In movement disorders, diagnosis is performed in two steps: first the type of in-
voluntary movement is identified (see Chapter 1 for a more detailed discussion
of this approach); then, for that particular type of movement, various etiologies
are considered. In the diagnosis of tardive dystonia, it is usually possible to
readily distinguish the sustained, twisting movements of dystonia from other
dyskinesias. Choreic movements are quick, brief, flowing, and random in their
timing and location. Myoclonic movements are brief and shock-like. Tremors
are regular, oscillatory movements. Some motor tics can resemble dystonic
movements, being sustained or twisting. Tics can usually be identified on the
basis of their timing. They occur intermittently, sometimes in flurries. Tics
are characteristically preceded by a subjective urge to perform the movement
and are followed by a sense of relief. Tics can often be entirely suppressed by
the patient for prolonged periods, whereas dystonia usually cannot. Finally,
patients with tics often have a variety of them, and it is frequently possi-
ble to identify a sustained tic (also called a “dystonic tic’’) by the company it
keeps.

One difficulty that many neurologists have in diagnosing dystonia is that
they think of it as consisting exclusively of slow, sustained movements. While
dystonia is always sustained, there can be superimposed rapid, jerking, or
even oscillatory movements. These rapid movements are especially likely to be
seen when the patient attempts to move against the direction of the sustained,
dystonic pull; for example, when some patients attempt to turn their head
away from the direction of their torticollis, they develop a rapid, oscillatory
movement resembling a tremor. Such rapid movements affecting lower facial
muscles can lead to difficulty in distinguishing dystonic tardive dyskinesia.
Usually dystonia can be identified as a sustained contraction in association
with the rapid movements; there may be sustained facial grimacing or sus-
tained jaw closure. The distinction between tardive dystonia and oral-buccal
lingual tardive dyskinesia affecting the face is of more than academic interest;
identification of the type of movement has implications for therapy.

Once a diagnosis of dystonia is made, consideration must be given to the
possible causes. In a patient on neuroleptics, an acute dystonic reaction must
be considered (see Chapter 5). Acute dystonia almost always occurs within
the first 5 days of beginning neuroleptics; the only exception is if a sub-
stantial increase in dose is made during the course of therapy or concurrent
antiparkinson medication (e.g., anticholinergics, amantidine) is discontinued.
Acute dystonia is much more likely to be accompanied by oculogyric crisis.
Finally, acute dystonia universally responds to administration of diphenhy-
dramine or benztropine. The differential diagnosis includes NMS, which may
present with prominent dystonia Generally, the associated alteration in men-
tal status, fever, and serum biochemical evidence of muscle injury makes that
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diagnosis clear. Only rarely does tardive dystonia become so severe as to
cause fever and muscle injury, and in these instances it is typically preceded
by a history of chronic dystonia, unlike NMS, which is acute and fulminant
in its onset.

After acute causes of dystonia are excluded, Wilson’s disease should be ruled
out by obtaining a serum cervioplasmin, 24-hour urine copper and a slit-lamp
examination. Wilson’s disease can present with dystonia (or other movement
abnormalities) and any of a number of psychiatric disorders that may encour-
age the initial inappropriate use of neuroleptic drugs. As it is treatable, it must
always be considered. Beyond this evaluation for Wilson’s disease, further
evaluation depends on the presence or absence of other neurological signs be-
sides dystonia. If there are other neurological signs, the differential diagnosis
is lengthy (see Table 5 in Chapter 1). Diagnostic studies to differentiate among
these numerous causes may need to be extensive and will not be detailed here.
If there are other neurological signs besides dystonia that are progressive, then
tardive dystonia cannot be the sole diagnosis, as neuroleptics do not induce
progressive changes in intellect, sensory function, and so on. If, however, there
are other neurological signs that are entirely static (e.g., mental retardation)
then once appropriate studies have been performed to rule out metabolic and
degenerative conditions listed (see Table 5 in Chapter 1), it is possible to diag-
nose tardive dystonia associated with a static encephalopathy. As previously
noted, in any patient, a diagnosis of tardive dystonia is supported by the pres-
ence of other tardive syndromes such as oral-buccal-lingual tardive dyskinesia,
or tardive akathisia.

Treatment
When a diagnosis of any form of tardive dyskinesia is made, the first thera-
peutic step should be to taper and discontinue the causative drugs, if possible.
Often, severe psychiatric illness will make it impossible to do so. Nevertheless,
it is imperative to carefully reconsider the indications for DA antagonists in a
given patient and to consider alternate therapy. Many patients are given these
drugs chronically for inappropriate indications (e.g., anxiety and insomnia).
Discontinuation of these drugs is an important first therapeutic step because
the ideal therapeutic outcome is to have a complete remission of involuntary
movements without need for continued drug treatment. The ideal therapeutic
response requires discontinuation of the offending drugs as soon as possible,
as a shorter duration of exposure is associated with a higher incidence of re-
mission [25]. In patients requiring continued treatment, replacing neuroleptic
agents with atypical agents such as clozaril, olanzepine, or quetiapine is an
appropriate course of action. These agents have a lower propensity to cause
tardive syndromes [31, 32], and in the case of clozapine, may actually suppress
the movements [62–66].

After a decision has been made to continue, replace, or discontinue DA
antagonists, the degree of disability caused by the involuntary movements
must be considered. If DA antagonists cannot be discontinued for psychiatric
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reasons and they sufficiently suppress the involuntary movements such that
they are not disabling, then it is not necessary to treat with additional drugs.
If the patient is disabled by the involuntary movements, then additional treat-
ment is indicated.

The most effective pharmacologic treatment of tardive dystonia is an-
tidopaminergic therapy. Tetrabenazine and reserpine, dopamine-depleting
agents, improve about 50% of patients, while dopamine receptor-blocking
agents are somewhat more effective, improve 77% of patients [18, 37]. The
atypical neuroleptic, clozapine, may also be useful [62–66]. With clozapine the
improvement may take months to years. A synergistic effect with combined
clozapine and clonazepam has been reported [67]. Unlike tardive dyskinesia
(but similar to primary idiopathic torsional dystonia), tardive dystonia may
also improve with anticholinergic therapy such as trihexphenidyl [18, 37]. Tar-
dive dystonia patients, however, vary in their response to DA-depleting agents
and anticholinergics, and unfortunately there is no way of predicting who will
respond to which class of drug. Kang et al. [18] compared patients who re-
sponded to anticholinergics to those who responded to DA depletors, and
found no difference between these patient groups in age at onset of dysto-
nia, sex, distribution of dystonia at onset or at maximum severity, duration of
exposure to DA antagonists before dystonia, or presence of classic oral dyski-
nesia. Without a means of predicting which drug a patient will respond to, the
choice is often guided by anticipated side effects. Since older patients are more
likely to suffer confusion or memory loss from anticholinergics, DA deple-
tors are chosen. Patients with a history of depression, however, are at risk for
recurrence due to DA depletors, favoring the use of anticholinergics.

With all potential pharmacologic treatments of tardive dystonia, it is rea-
sonable to start with a low dose of the drug and gradually increase the dose
until either adequate benefit is obtained, or intolerable side effects intervene,
or a judicious maximum is reached. Reserpine is started at a dose of 0.25 mg
per day and gradually increased. If symptomatic hypotension occurs, the dose
is decreased as needed, and mineralocorticoids may be considered. Doses of
reserpine of up to 9.0 mg per day may be used, although an average dose of
5.0 mg per day is more typical. Trihexyphenidyl and ethopropazine are started
at 5.0 mg per day of the former or 50.0 mg per day of the latter and gradually in-
creased [68]. In treating dystonia, up to 120 mg per day of trihexyphenidyl may
be required, but the average dose in treating tardive dystonia is 20 mg per day.
One important potential adverse effect of anticholinergics is that the more typi-
cal tardive orofacial dyskinesia may be aggravated or even brought out de novo
in these patients. Benzodiazepines, such as clonzepam or lorazepam, are use-
ful in combination with both anticholinergic and antidopaminergic therapies.
Bromocriptine or other dopamine agonists, clonidine, verapamil, amantidine,
carbamazepine, valproate, and baclofen have all been reported to be helpful
in some patients [37] (see Chapter 9).

There are alternatives to pharmacologic therapy, and in fact, for patients with
focal cranial dystonias, botulinum toxin injections into affected muscles are a
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valuable alternative [61]. Blepharospasm responds well, as does torticollis [50].
There are no common surgical approaches to the management of tardive dys-
tonia; however, there is a single case report in the literature of bilateral globus
pallidus internus (GPi) deep brain stimulation being useful in a severe case
of medically refractory tardive dystonia [69]. In this 70-year-old patient, who
had a 6-year history of medically refractory severe tardive dystonia, bilateral
GPi stimulation was associated with rapid improvement of dystonia. Notably,
the patient also had bilateral VIM electrode placement, but VIM stimulation
had no effect on the dystonia, nor was it observed to augment the effect of bi-
lateral GPi stimulation. Although interesting, given the lack of any additional
published data on neurosurgical management of tardive dystonia, at this time
such an approach should be considered as experimental and a last resort.

Although it is therapeutically ideal to discontinue DA antagonists in pa-
tients with tardive dystonia, there are two situations in which the drugs are
used therapeutically for their ability to suppress the dystonic movements. It
is appropriate to use DA antagonists when a patient has severe, generalized
tardive dystonia that is either painful or causes muscle damage (evidenced
by an elevated serum CPK). In this circumstance, tardive dystonia is poten-
tially life-threatening. Parentally administered DA antagonists may suppress
the dystonic movements and prevent medical complications. It is also appro-
priate to use DA antagonists to suppress the movements when DA depletors,
anticholinergics, and other drugs have failed, and the patient has either been
successfully maintained off DA antagonists for 4 to 5 years without remission
or has not tolerated withdrawal.

Tardive akathisia

The nature of akathisia
Many of the early reports of oral-buccal-lingual tardive dyskinesia contain
very clear descriptions of motor restlessness associated with the movements
[70–73], and yet persistent akathisia as a subtype of the tardive syndromes
was not recognized until much later [74]. A possible reason for this delayed
recognition is that a consensus on the definition of akathisia does not emerge
from the literature. Many authorities have considered the term akathisia to re-
fer strictly to an abnormal subjective state, characterized by restlessness [75].
Others, however, consider the characteristic motor phenomena of akathisia
(i.e., the movements) as sufficient for a diagnosis of akathisia [72, 76] or at
least “pseudoakathisia’’ [77]. The most satisfactory “gold standard’’ definition
of akathisia for the present must rest on both the subjective and objective fea-
tures [78]. The degree to which more partial manifestations of the condition
may be sufficient to define it remains to be determined by a more complete
study of its spectrum. The subjective state of akathisia is reported as an aver-
sion to being still. The patient may or may not use the term “restless.’’ They
may instead refer to “nervousness,’’ or “jitteriness,’’ and so on, but they must
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report discomfort related to being still, which can be relieved by movement.
There is a significant mood component in the subjective state of akathisia,
and Halstead et al. [79] noted that a significant proportion of patients with
the subjective sensation of inner restlessness also reported marked symptoms
of dysphoria, namely tension, panic, irritability, and impatience. The motor
signs that can be seen in akathisia consist of an increased, abnormal frequency
of movements. The movements are often complex and stereotyped, that is,
repeated in the same pattern over and over. Unlike other clinical movement
syndromes (e.g., chorea, myoclonus, tremor), there are no movements that
are abnormal in their patterns or appearance in this syndrome. Instead, the
movements are abnormal in frequency, and are constantly repeated by the
patient in a stereotyped fashion. Examples of motor behavior seen in akathisia
include repetitive crossing/uncrossing or rapidly abducting/adducting the
legs while sitting, or marching in place while standing. The combination of
these subjective and motor features defines akathisia.

Evidence that chronic akathisia is due to neuroleptic drug use
Like tardive dystonia, tardive akathisia has not been the subject of case-control
studies to investigate its relationship to neuroleptic drug use. Unlike dysto-
nia, however, akathisia rarely, if ever, occurs on an idiopathic basis. Today,
other than parkinsonism, there are few other causes of akathisia besides treat-
ment with neuroleptic drugs. Thus, there is a broad consensus that persistent
akathisia is a complication of treatment with these agents.

The association between neuroleptic drugs and akathisia is further strength-
ened by a number of other observations. As for tardive dystonia, there are close
temporal relationships between the use of these drugs and the occurrence of
akathisia. In a number of patients, discontinuation of the drugs has led to
remission [78]. In addition, patients who have gone into remission can de-
velop persistent akathisia a second time, during reexposure to a neuroleptic.
Tardive akathisia is even more frequently associated with oral-buccal-lingual
tardive dyskinesia (90% of cases in one series [78]) than tardive dystonia.
Tardive akathisia not infrequently appears to evolve from acute akathisia,
which is clearly a complication of neuroleptics. These occurrences have been
called “acute persistent’’ akathisia [74]. Finally, the clinical pharmacology of
tardive akathisia is like that of oral-lingual tardive dyskinesia, further indicat-
ing a close relationship between these disorders.

Diagnostic criteria
The diagnosis of tardive akathisia is based on the following criteria: (1)
akathisia, defined, as above, on the basis of both the subjective and motor
features of restlessness, must be present; (2) the akathisia must not have pre-
ceded, and must develop during (or within 3 months of cessation of) neurolep-
tic treatment; and (3) akathisia must be persistent, that is, present for at least
a 1-month duration. There is no stipulation about the duration of neuroleptic
treatment prior to the onset in making diagnosis. Although tardive akathisia



272 Chapter 10

usually develops late in the course of therapy, it can, like tardive dystonia and
oral-lingual dyskinesia, develop early. The more important critical feature is
its persistence. Individual patients often have difficulty pinpointing when their
akathisia began in relation to therapy; therefore, terms such as “acute persis-
tent’’ and “tardive’’ akathisia become semantic quagmires. In addition, since
there is a smooth continuum for onset in relation to duration of therapy, it
seems arbitrary to try to divide between early-onset and late-onset persistent
neuroleptic-induced akathisias. Treatment response to DA antagonists is not a
necessary diagnostic criterion. It is, however, helpful to attempt to discontinue
DA antagonists and observe the response in the particular situation in which
a patient develops akathisia early in the course of DA antagonist therapy, and
has persistent akathisia (>1 month) while on a constant dose. The patient may
have acute akathisia that is persistent due to ongoing therapy, or may have a
chronic akathisia, that is, tardive akathisia. The only way to determine which
type of akathisia the patient has is to attempt to stop the drugs. If the akathisia
promptly abates on drug withdrawal, then the patient had acute akathisia. If,
however, the akathisia persists (or worsens) for more than a month following
drug withdrawal, then the patient has tardive akathisia. If the patient cannot
be taken off neuroleptic drugs, then it is not possible to know for certain which
form of akathisia the patient has.

Epidemiology
In his classic monograph, Ayd found acute akathisia to have a prevalence of
21%, making it the most common drug-induced disorder [80]. Multiple stud-
ies support that tardive akathisia may also be common. Braude and Barnes
examined 82 schizophrenic outpatients to determine the presence of restless
movements [81]. Of these 39 patients (48%) had such movements. Of these 39
patients, 6 (7% of the total) apparently had acute akathisia. An additional 10
(12%) had “pseudoakathisia’’ (i.e., restless movements in the absence of sub-
jective complaints). The remaining 23 (28%) had chronic (tardive) akathisia.
The prevalence of 28% found in this outpatient study is similar to an ob-
served prevalence of 20% among 65 schizophrenic outpatients reported by
Schilkrut and colleagues [82]. Halstead et al. found the prevalence of chronic
akathisia to be 24% in 120 hospitalized chronic schizophrenics. An additional
18% had pseudoakathisia [79]. Van Harten et al. [16] in another study of psy-
chiatric inpatients found a prevalence of 9.4% for akathisia and 12.9% for
pseudoakathisia among 194 inpatients in the only psychiatric hospital in the
Netherlands Antilles; however, there was also a relatively high level of parkin-
sonism in their study population (36.1%). Since drug-induced parkinsonism
and akathisia have been shown to be negatively correlated [83], the somewhat
lower incidence of akathisia may be related to the relatively high prevalence
of drug-induced parkinsonism in this study population. Overall, these studies
support a relatively high rate of chronic akathisia among patients on long-term
neuroleptic or dopamine receptor-blocking therapy.
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Figure 10.2 This figure demonstrates the relationship between years of treatment with dopamine
antagonists and the cumulative onset of tardive akathisia in our group of patients (n = 45;
reference [72]). It can be seen that cases begin to occur within the first year of exposure; there is
no period of minimum safe exposure to DA antagonists free of risk from inducing tardive akathisia.
The first point on the curve is a patient who developed persistent akathisia following 2 weeks of
neuroleptic therapy. (Reproduced with permission [72].)

Some epidemiologic data are available on the development of tardive
akathisia among various subgroups. In Halstead’s study of 120 psychiatric in-
patients [79], patients with chronic akathisia tended to be younger than those
without akathisia. Affected patients also tended to be on higher doses of neu-
roleptics, and were more likely to be receiving their neuroleptic dose as a depot
injection. Patients with akathisia were more likely to have tardive dyskinesia
in the limbs, while patients with pseudoakathisia were more likely to have
orofacial dyskinesia. Among the 52 patients with tardive akathisia reported
by Burke et al., the ages of those suffering from tardive akathisia ranged from
21 to 82 years [78]. Although women outnumbered men, men tended to have
a younger age of onset than women. The average duration of therapy prior to
onset was 4.5 years, but as with tardive dystonia, tardive akathisia can occur
early in the course of therapy, and Fig. 10.2 shows the time of onset in relation
to duration of neuroleptic treatment. It can be seen that many cases developed
within the first year of treatment. It can also be seen that onset in relation to
duration of therapy is a smooth and continuous function; there is no clear
separation between early-onset and late-onset persistent cases. The average
age of onset (60.4 years) among early-onset (<1 year of neuroleptic exposure)
patients in Burke’s series was no different than the others [78].

Like tardive dystonia and tardive dyskinesia, tardive akathisia has been re-
ported following treatment with all classes of dopamine receptor-blocking
agents, including metoclopromide [84]. Clozapine is known to cause akathisia
as well [84, 85], although the rate of occurrence is much lower. As would
be expected, given the wide range of medications that can cause tardive
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akathisia, patients with tardive akathisia have received dopamine receptor-
blocking therapy for a wide variety psychiatric and nonpsychatric indica-
tions. In Burke et al.’ series [78], 36% of patients were treated for secondary or
questionable indications including anxiety, nausea, gastrointestinal distress,
and pain.

Clinical features

The subjective state of akathisia
Patients with akathisia frequently complain of an unbearable inner torment
and beg repeatedly for relief. There is evidence that akathisia may be associ-
ated with suicide [87]. Many patients do not know how to describe what they
feel, and they may use a variety of terms other than “restless’’; they may com-
plain of “jitteriness,’’ “a tortured sort of feeling,’’ “fidgety,’’ “nervous,’’ “about
to jump out of my skin,’’ “all revved up,’’ and so on. Patients who are floridly
psychotic or impaired intellectually will be especially unlikely to clearly ex-
press their subjective condition. Akathisia may, therefore, be confused with
a variety of psychiatric states that lead to agitation, such as mania, agitated
depression, or severe anxiety [88, 89]. In addition, the emotions associated
with akathisia, including fright or anger, can be associated with a spectrum
of abnormal behaviors and “acting out’’ [90, 91]. Patients with mild akathisia
complain of impatience, irritability, or inability to concentrate.

It has been suggested that patients with acute akathisia suffer more severe
subjective distress and that the subjective component becomes less severe in the
chronic setting. Braude and Barnes have suggested that in the chronic setting,
akathisia may evolve to a state of “pseudoakathisia’’ in which there are motor
features of restlessness but no subjective restlessness [74]. Whether this is true,
and how often it occurs, will require prospective analysis. In Burke et al.’s
retrospective survey [78], there certainly did exist patients who had severe
subjective distress that continued for years without abatement. Among these
patients, the position most frequently identified as the most uncomfortable
was sitting. The most preferred position was lying down. Thus, patients would
often complain that they could no longer sit through a meal, or sit for TV or the
movies. Inability to stand in one place for a prolonged period also interfered
with activities of daily living; many of these patients could not stand in line
for shopping or banking.

Motor features
In general, patients with akathisia show an increased frequency of movement,
and they make movements that are complex and stereotyped, that is, repeated
in the same pattern over and over. Patients can often suppress the movements,
if asked to do so, for at least brief periods of time. During the time they suppress
the movements, they build a greater inner sense of restlessness or “tension,’’
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which is then relieved by performing the movements. The type of movements
the patient makes depends on their position; for example, when sitting, they
may cross and uncross the legs, whereas on standing, they will march in
place.

In Burke et al.’s study [78], analysis of the movements of 52 patients with
tardive akathisia demonstrated that the legs were most frequently affected.
Marching in place while standing and crossing/uncrossing the legs while sit-
ting occurred in 58% and 48%, respectively. Other common leg movements in-
cluded pumping the leg up and down or rapidly adducting/abducting while
sitting. Truncal movements were also common and included rocking back and
forth and frequent shifts of position while sitting. Somewhat less common,
but more distinctive, were complex arm and hand movements, including face
rubbing, hair rubbing, head or face scratching, folding/unfolding the arms,
and picking at clothes. Many of these patients also complain of respiratory
irregularities and develop panting or grunting. In addition, some of the most
severely affected patients would moan or even shout. Movements of the fa-
cial region were less common, but they did occur. Repetitive, lateral tongue
movements and repetitive head nodding may also occur [92].

In Burke’s 52 patients, tardive akathisia was associated with either oral-
buccal-lingual dyskinesia or tardive dystonia in all but one patient. Sixty-three
percent had oral dyskinesia, 8% had tardive dystonia, and 27% had both. The
few patients with tardive akathisia and tardive dystonia had an earlier age of
onset (39 years) than those with akathisia and oral dyskinesia (62.2 years) [78].

Clinical course
In the patients of Burke et al. [78] 67% had persistent akathisia at last follow-
up for a mean duration of 4.2 years. Most of these patients had discontinued
neuroleptics several years earlier. Among 33% of these patients who did not
have akathisia at last follow-up, 6% were in true remission; that is, they had
been weaned from therapy without recurrence. The other patients who did
not have akathisia at follow-up were receiving ongoing therapy that probably
suppressed it. The patients who did not have akathisia at follow-up had an
earlier age of onset. Thus, younger patients appear to have a more reversible
or treatable condition.

Differential diagnosis

Akathisia can be difficult to differentiate from psychiatric conditions that cause
agitation. It is helpful to recall that the subjective distress of akathisia is an aver-
sion to remaining still and is at least partially relieved by movement. Subjective
distress due to psychiatric disease does not necessarily show this relationship
to movement. In the case of agitation due to psychiatric illness, other aspects of
the patient interview will generally reveal other features consistent with exac-
erbation of the psychiatric condition, such as hallucinations or delusions. An
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additional differentiating point is the presence of the stereotyped movements
that tend to be characteristic of akathisia.

Neuroleptic-induced akathisia must be distinguished from restless legs syn-
drome. The latter consists of uncomfortable dysesthesias in the legs that occur
nocturnally as the patient lies down to go to sleep. The dysesthesias are re-
lieved by pacing about. The sensory complaints, the nocturnal occurrence,
the predominant leg involvement, and the worsening rather than improve-
ment in the supine position all help to distinguish restless legs syndrome from
akathisia.

One of the few other causes of akathisia today, besides neuroleptic drug
treatment, is Parkinson’s disease (PD) [93]. In Lang and Johnson’s series, 26%
of Parkinson patients had true akathisia. In some, it was an early symptom of
PD, but in most it developed later, when the diagnosis of parkinsonism was
apparent. There have been some scattered reports of akathisia developing in
the context of SSRI treatment as well [94, 95], but there have been no descrip-
tions of akathisia persisting after medication was discontinued, and therefore
there is no evidence that SSRIs can cause tardive akathisia.

Treatment

The approach to the treatment of tardive akathisia is like that for tardive dys-
tonia and oral dyskinesia. If neuroleptics can be stopped, they should be. A
certain percentage of patients will undergo spontaneous remission. Whether or
not neuroleptics are stopped, the next step is to assess the degree of disability.
If there is only mild akathisia, then the patient can simply be followed. If, how-
ever, there is significant disability, then akathisia should be treated whether
or not the patient has been taken off neuroleptics. DA-depleting drugs are the
most frequently beneficial. Among 30 patients treated at Columbia University,
15 were managed with reserpine; of these, 13 (87%) showed improvement. In 11
of these patients, reserpine gave complete control (n = 3) or marked improve-
ment (n = 8). Tetrabenazine was effective in 7 of 12 (58%) treated patients. Of
patients treated with these drugs, about 50% in one study remained on them at
follow-up [78]. The approach to using these drugs is similar. One begins with
a small dose (0.25 mg/day for reserpine) and very gradually titrates upward.
The mean reserpine dose in one study was 5.0 mg per day [78].

It is important to note that tardive akathisia differs dramatically from acute
akathisia in its clinical pharmacology. While dopamine antagonists worsen
acute akathisia, they have an opposite and antagonistic effect on tardive
akathisia. Opiates have been reported to be effective in the management
of acute akathisia [96]. However, they are generally ineffective for tardive
akathisia [97]. Although a number of investigators have reported that the
β-blocker propranolol is effective for the management of acute akathisia [98],
this class of medication has not been reported to help in tardive akathisia. It is
unclear how the differences in pharmacology relate to the underlying mecha-
nisms of acute and chronic akathisia.
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Tardive myoclonus and tardive tics

Myoclonus refers to sudden, brief shock-like jerks. Like dystonia and akathisia,
myoclonus was described in early reports of tardive dyskinesia [99]. Several
patients have been described with tardive dystonia and myoclonus [1]. Pure
myoclonus has also been reported as a complication of neuroleptic treatment
[100, 101], and as a complication of treatment with the dopamine-blocking
agent, metoclopramide [102]. Tominaga et al. [97], in a brief report, indicated
that tardive myoclonic jerks could be suppressed by clonazepam. Burke et
al. also observed that clonazepam may be effective among tardive dystonia
patients with significant myoclonus.

It has been difficult to ascribe tics to neuroleptic drug treatment with cer-
tainty. Transient tics occur quite commonly among children in the general
population, and Tourette’s syndrome is a common neurological disease of
childhood. Tics, unlike oral-buccal-lingual dyskinesia, dystonia, akathisia, and
myoclonus, quite characteristically occur and remit spontaneously. Thus, it
is more difficult to make meaningful temporal connections between the use
of neuroleptics and the occurrence of tics. Finally, a number of reports of
“Tourettes’’ associated with neuroleptic treatment may actually have been
cases of tardive akathisia, with repeated complex stereotyped movements and
grunting or moaning that resembled motor and vocal tics.

These caveats notwithstanding, there have been a number of reports of
tic disorders occurring in patients during or following neuroleptic therapy.
Considered together, these cases seem suggestive that, in rare instances, neu-
roleptics may induce tics [103–112] (Table 10.2). Most of these patients devel-
oped their tics in adulthood, long after spontaneously occurring Tourette’s
syndrome would ordinarily occur. In most of them, the described vocal ut-
terances seem to have been more complex or formed than typically occurs in
akathisia; there were barks, clicks, and coprolalia. In Table 10.2, those patients
with only nonspecific vocalizations, such as grunting or howling, who may
also be observed in tardive akathisia, are noted in the final column to have a
possible diagnosis of tardive akathisia.

The average age of onset among the 13 reported cases was 39 ± 5 (SEM)
years, ranging from 10 to 71 years. In the majority of these patients (7 of 10
with available information), the tics began after discontinuation of neurolep-
tics. As in spontaneously occurring Tourette’s syndrome, most of the motor tics
occurred in the cranial regions (face, head, neck). As in Tourette’s syndrome,
there was a wide range of vocal utterances: barks, clicks, sniffs, coprolalia,
and echolalia. For the ten patients with sufficient information, seven had as-
sociated tardive movements, either oral-buccal-lingual dyskinesia or tardive
dystonia. These associated movements strengthen the association between the
occurrence of the tics and exposure to neuroleptics. Among these 13 patients,
adequate information about the clinical course is provided in 11; nine had
their tics suppressed by a DA antagonist; two went into spontaneous remis-
sion. Occasional reports suggest a relationship between neuroleptic treatment
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Table 10.2 Reported cases of Tourette’s syndrome associated with dopamine antagonist
treatment

Other
Age of tardive

Authors Year onset Signs disorders Comments

Klawans et al. [103] 1978 28 Face/arm tics,
barking

Dystonia

DeVaugh-Geiss
[100]

1980 65 Facial tics barking OBLD

Stahl [101] 1980 28 Facial tics None
barking
coprolalia

Fog and Pakenberg
[102]

1980 20 “Tics of head and
body,” grunting

NS ? Tardive akathisia

54 Arm movements,
shouting

NS ? Tardive akathisia

50 Howling (no tics) OBLD ? Tardive Akathisia
Seeman et al. [107] 1981 25 Blepharospasm,

facial grimacing
grunting

NS ? Tardive dystonia
and akathisia

Mueller and Aminoff
[108]

1982 27 Head turning
gutteral noises
barking

OBLD

Klawans et al. [109] 1982 71 Facial tics None
32 Facial tics OBLD

Munetz et al. [110] 1985 60 Head and neck OBLD
tics, Coprolalia

Karagianis and
Nagpurkar [111]

1990 10 OBLD

Bharucha and Sethi
[112]

1995 36 Vocal/motor tics None Video documentation
of tics presented

and the occurrence of tics, but the new occurrence of tics in adulthood related
to neuroleptic treatment appears to be fairly infrequent.

Tardive tremor
Jankovic and Stacy have described a single small series of patients who devel-
oped a low frequency (3–5 Hz) postural and kinetic tremor related to chronic
neuroleptic treatment [113]. In all patients, the tremor occurred in the presence
of other tardive syndromes, including akathisia, chorea, dystonia, myoclonus,
and stereotypy. The diagnosis of tardive tremor was made in these patients on
the basis of exacerbation of tremor with neuroleptic withdrawal, and improved
symptoms after treatment with the dopamine depleting agent tetrabenazine.
Only a handful of addition cases of tardive tremor have been reported includ-
ing one due to metoclopramide [114]. This is clearly one of the least common
of tardive syndromes.
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Withdrawal emergent phenomena
Although not strictly tardive in nature, it is worthwhile to briefly mention
the withdrawal emergent syndromes, which can occur as late complications
of dopamine-blocking therapy. Withdrawal emergent chorea is the most com-
monly recognized of these syndromes. Typically occurring in children, with-
drawal emergent chorea occurs when children are suddenly withdrawn from
long-standing dopamine antagonist therapy [37, 115]. Phenotypically, with-
drawal chorea resembles other causes of chorea (e.g., Sydenham’s chorea),
from which it must be differentiated. Children display fluid, involuntary, but
nonstereotyped movements involving the limbs, trunk, and neck. The oral
stereotypies seen in more typical tardive dyskinesia are not commonly seen
[37]. The movements typically are suppressed by reinstitution of dopamine
blockade, and do not generally recur if agents are tapered slowly [116]. The
natural history of withdrawal emergent chorea is for the chorea to disappear
gradually over a time course of a few weeks [37].

Withdrawal emergent versions of the other tardive syndromes, including
dyskinesia, akathisia, and dystonia have been described [37]. These syndromes
differ from tardive versions in their relatively rapid resolution with time. Rapid
withdrawal of dopamine-blocking agents can also provoke true tardive syn-
dromes as well; however, slowly tapering of the dose of these agents is the
preferred method of stopping therapy.

Conclusion

It is clear that dopamine antagonists cause a broad spectrum of tardive syn-
dromes. Given the frequency with which these medications are used and the
protean manifestations of prolonged therapy, it is important for the neurologist
to recognize and differentiate these disorders in order to construct appropriate
management plans for these patients. It is particularly important to recognize
that in many cases the tardive syndromes are fellow travelers, and many pa-
tients may have varying degrees of more than one phenomenon. In addition to
the motor syndromes described, patients may also complain of unusual sen-
sory symptoms (apart from akathisia). For example, Ford et al. [117] described
11 patients with tardive akathisia, tardive dystonia, or tardive dyskinesias who
complained of profoundly distressing chronic oral or genital pain. The long-
term social and psychological sequelae of these phenomena require that all
physicians develop a healthy respect for agents that have dopamine-blocking
activity, and prescribe these medications only when indications for use are
appropriate and the benefits of therapy outweigh the risks of the potentially
permanent consequences.
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CHAPTER 11

Movement disorders due to atypical
antipsychotics

Karen E. Anderson

Introduction

Standard or typical antipsychotics were first used in the early 1950s, starting
with the introduction of chlorpromazine, for the treatment of psychosis. Their
use represented a major advance in the treatment of severe, chronic, mental
illness. However, the risks of iatrogenic movement disorders associated with
the use of these medications quickly became apparent. Development of ab-
normal movements, termed extrapyramidal symptoms (EPS), was linked to
dopamine receptor blockade, which also provided the antipsychotic efficacy
of these medications. Atypical antipsychotics were developed with the hope of
not only increasing efficacy of treatment for psychiatric symptoms, but also re-
ducing the debilitating and sometimes life-threatening EPS. Since drug-related
EPS are thought to be due to the blockade of postsynaptic dopaminergic re-
ceptors in the nigrostriatal pathways, it has been suggested that an increase
in striatal dopamine activity (which may result from atypical antipsychotic
administration) could also counteract EPS (see [1] for a review). Concomitant
hyperactivity of the cholinergic system [2] explains why anticholinergic med-
ications are sometimes beneficial for the treatment of EPS. Tardive dyskinesia
(TD) is different from other EPS as it may be caused by supersensitivity of the
dopaminergic system from chronic blockade and proliferation of postsynap-
tic nigrostriatal dopamine receptors [3]. However, few data are available to
directly support this hypothesis [4].

Given their preclinical profile, atypical antipsychotics were expected to be
associated with a reduced incidence of EPS and tardive syndromes. Their
unique clinical effects are thought to be due, at least in part, to their greater
propensity to block the serotonergic system relative to the dopaminergic sys-
tem, thus normalizing the imbalances between these systems that may exist
in pathological conditions [5]. While there is variation between individual
agents, all atypicals share this high serotonin-to-dopamine blockade ratio.
When serotonergic activity is inhibited, dopamine release increases and helps
to correct the blockade effect at postsynaptic dopaminergic receptors. Thus,
a relatively low D2 affinity coupled with higher affinity for serotonin 2A
(5-HT2A) receptors is generally accepted to be one possible hallmark of an
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atypical antipsychotic [6–8]. Other factors seen in preclinical data, which may
suggest mechanisms for the reduction of EPS with these agents, include selec-
tive inactivation of A10 mesolimbic dopaminergic neurons without this effect
on A9 nigrostriatal neurons, and a reduction in antagonism of apomorphine-
and amphetamine-related stereotypies [9]. (For further details on the pharma-
cology of typical agents see Chapter 4.)

Atypical antipsychotics have come into wide clinical use, replacing typical
agents as the first line of treatment for psychosis and often for agitation, es-
pecially in patients with dementia [10]. They are additionally used as mood
stabilizers [11], and as part of augmentation strategies for the treatment of re-
fractory depression [12], and a host other conditions. As use of these agents
has increased, especially with off-label prescribing, it has become apparent
that although they are associated with an apparently lower incidence of EPS,
they are not free of these side effects. Clinicians must continue to judiciously
weigh whether treatment with these agents warrants the possibility of expos-
ing patients to the risk of EPS.

This chapter will review the controlled clinical trial data, when available,
on EPS with use of the five atypicals currently available in the United States:
clozapine, risperidone, olanzapine, quetiapine, and ziprasidone. Many of these
studies examine the reduction of EPS in patients treated previously with typ-
ical antipsychotics compared with atypicals, although this does not give an
index of new onset movement disorders associated with these agents. Direct
comparisons with typical antipsychotics, where available, will be discussed.
In reviewing these data, it should be noted that most studies and reports are
from work with patients with schizophrenia; applicability of these data to
other populations may be questionable. The development of tardive dyskine-
sia (TD) may have a relationship to acute EPS. TD has been thought to be a
supersensitivity response to chronic blockade of dopaminergic pathways [3],
which would suggest that patients who develop acute EPS are at increased
risk for TD. Support has been found for this hypothesis in some [13, 14]
but not all [15, 16] studies. Both, the occurrence of TD associated with use
of atypicals and the treatment of TD with atypicals, will be reviewed as it
provides another measure of these agents’ causal relationship to abnormal
involuntary movements. In reviewing the data on TD, it should be remem-
bered that outside factors may influence the occurrence of TD in any patient.
Spontaneous dyskinesias have been estimated to occur in neuroleptic-naı̈ve
schizophrenic populations, the most-studied group, at 1–11%, depending on
the abnormal involuntary movement rating used [15, 17], Fenton found dif-
fering rates of spontaneous dyskinesias based on age and duration of ill-
ness at 4% in first-episode patients, 12% for whom have been ill for a num-
ber of years but are under 30 years of age, 25% for those between the ages
of 30 and 50 years, and up to 40% for patients over 60 years [18]. These
spontaneous abnormal movements may make assessment of drug-related TD
problematic, especially in older patient populations (see Chapter 3). Other
possible risk factors for development of TD include female gender, length of
exposure to neuroleptics, and cumulative neuroleptic dose (see Chapter 9).
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The presence of these characteristics in a study population may complicate
assessment of a medication’s TD liability. In addition, in reports where TD
improves with atypical agents it is difficult to decipher if the improvement is
due to a “passive’’ effect from the removal of typical neuroleptics and replace-
ment with agents with fewer dopamine-blocking effects, a “suppression’’ of
symptoms as seen with typical neuroleptics, or some other “active’’ therapeu-
tic effect. The risk of neuroleptic malignant syndrome associated with the use of
atypicals will also be reviewed as potential predictors of susceptibility to EPS.
The association between atypical antipsychotic use and abnormal movements
in elderly patients in general, and in particular in patients with Parkinson’s
disease (PD), will also be considered, since sensitivity to EPS is common in
these patients and provides important insights into a medication’s propen-
sity to cause EPS. Recommendations for use of atypicals to treat psychiatric
symptoms in patients with PD are included.

Clozapine

Clozapine, which is a dibenzodiazepine derivative, was the first atypical an-
tipsychotic medication approved for use in the United States (1990). It was de-
veloped in the 1950s, but received widespread clinical attention after a study of
its use in the treatment of refractory patients in 1988 [19]. The authors reported
a significant reduction in acute EPS in those patients treated with clozapine
compared to those receiving chlorpromazine with benztropine mesylate. In
the many trials comparing clozapine to typical antipsychotics, treatment with
clozapine has been shown to reduce incidence of acute EPS and to reduce pa-
tient dropout rates. Clozapine treatment has also been found to decrease the
need for anticholinergic medications or other treatments for EPS used con-
comitantly with typicals [20–28]. Clozapine also has not been found to have a
dose-dependent increase in EPS [29]. Despite this overall favorable profile for
clozapine, with regard to EPS, its use is limited by the necessity of frequent
blood draws to monitor for medication-induced leukopenia, which can be fa-
tal. Patients require weekly blood draws for 6 months and then every 2 weeks
thereafter for as long as they are on the drug.

Some groups have reported high rates of akathisia with clozapine use (39%)
[30]. However, the akathisia seen in that study was mild and doses of clozapine
were higher, relative to typical antipsychotics, than was used in other similar
studies (e.g., [19, 24]). The incidence of moderate or severe akathisia associated
with clozapine use is comparable to that seen with typical neuroleptics. The
rate of akathisia related to clozapine treatment averages between 7% and 9%
([19, 20, 31], among others). Based on clinical reports, some groups have rec-
ommended the use of clozapine for the treatment of refractory akathisia [32].

Tardive dyskinesia
In several long-term studies, no cases of TD have been found with clozap-
ine) use ([20–23, 31]. Other groups have reported new onset or worsening of
TD; however. these were in patient populations that had prior treatment with
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typical agents, making attribution of side effects purely due to clozapine prob-
lematic [26, 27, 33]. Work by Kane et al. is the largest study of clozapine and
TD to date; they followed 28 patients who were treated with clozapine for at
least 1 year, with average treatment of 7.7 years. Clozapine-treated patients
were compared with patients treated with a standard neuroleptic for at least 1
year. Two patients in the clozapine group developed movements meeting cri-
teria for TD at study conclusion, but both had questionable TD during baseline
assessment, providing inconclusive results. Survival analysis demonstrated a
lower risk of TD development in the clozapine-treated group.

Clozapine has generally been found to be more effective than typical neu-
roleptics in suppression of TD [20, 26, 28]. A study by Tamminga et al. [34],
comparing clozapine with haloperidol, followed 32 schizophrenic patients
with TD for a year. Those treated with clozapine showed significantly greater
reduction in dyskinesia on standardized ratings compared with those receiv-
ing haloperidol. The clozapine treatment group also did not show a drug
discontinuation-induced worsening of dyskinesias. However, other groups
have found withdrawal dyskinesias following clozapine treatment [35]. Cloza-
pine has been found to be especially efficacious for the suppression of tardive
dystonia; the mechanism for this particular effect is unclear but the reversal of
dystonia is slow and may take months [36–38].

Neuroleptic malignant syndrome
Surveys have stated the risk of NMS from clozapine to be approximately 0.2%,
which does not differ greatly from rates seen with typicals [39] (see Chapter 8).
Patients who develop NMS following clozapine treatment display classic signs
of NMS, but may show fewer tremors, less rigidity, and have lower tempera-
tures than those who develop the syndrome following treatment with typical
agents [40]. Rechallenge rates of NMS with clozapine are not significantly dif-
ferent from those with typical neuroleptics, with recurrence rates of up to 30%
reported [40].

Parkinson’s disease
Hallucinations and psychosis are common in PD, and can be disabling. Their
prevalence has increased substantially with the use of levodopa and dopamine
agonists for motor symptoms. Newer studies suggest that between 20% and
45% of PD patients will experience these symptoms [41, 42]. Treatment of psy-
chosis can be extremely challenging, since patients with PD have been found
to be very sensitive to neuroleptics with regard to the occurrence of EPS, and
tend to experience worsening of their motor symptoms when treated with
these agents. Clozapine is the most widely studied atypical antipsychotic in
PD patients with hallucinations and delusions [43]. In a 60-subject randomized,
double-blind, placebo-controlled trial of low dose (mean dose approximately
25 mg/day) clozapine for hallucinations and psychosis in PD, clozapine sig-
nificantly improved psychotic symptoms and was additionally found to ac-
tually improve tremor without worsening of other parkinsonian symptoms
[44]. This study confirmed the results of numerous open-label trials [45] and
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was followed by a second, equally successful, double-blind study [46]. It re-
mains the only agent proven to be useful in PD patients with psychosis with
double-blind trials.

Risperidone
Risperidone, a benzisoxazole, was the next atypical to be introduced in 1994. It
was initially hoped that risperidone would provide the favorable EPS profile
seen with clozapine without the liabilities of leukopenia risk and the concomi-
tant need for frequent blood monitoring. Although it is an effective and widely
used antipsychotic agent, risperidone has not lived up to the expectation that
it would provide an alternative to clozapine with respect to low rates of EPS.

Initial studies with risperidone were quite promising, with lower rates of
acute EPS and reduction of EPS on objective ratings, decreased dropout rates,
and reduction in concomitant anticholinergic use compared with haloperidol
treatment [35, 47–56]. These benefits were soon, however, found to be highly
dose dependent. When the above studies were reviewed, the advantages of
risperidone were greatly diminished at doses greater than 6 mg per day [35,
47–52]. This dose dependency was also seen in drug-naı̈ve patients [57], not
only with respect to the occurrence to EPS but also with respect to the use of
anticholinergic medications [58]. When lower doses of haloperidol or lower-
potency typicals were compared to risperidone, the EPS liability of risperidone
was similar [48, 53–55, 59]. In one other study, the authors did a comparison of
the frequency of EPS from risperidone and haloperidol in neuroleptic-naı̈ve
patients admitted for the first time to an acute case facility with psychosis. It
was a prospective analysis of 350 patients, 34 of whom received risperidone.
The mean doses were 3.7 mg per day risperidone and 3.7 mg per day for
haloperidol. Measures for akathisia, parkinsonism acute dystonia, and tardive
dyskinesia were comparable for both drugs with parkinsonism occurring in
over 50% of the patients [60]. Significant EPS decreases have been reported in
elderly patients treated with risperidone in an open-label study [61].

There are few data available on the effects on subtypes of EPS seen with
risperidone treatment. Caroff et al. [40] suggest in their review that this is due
to the fact that most original trials focused on overall changes in EPS ratings,
not on specific movement disorders, but that occurrence of EPS subtypes at
risperidone doses of less than 6 mg per day were comparable to placebo in
the studies reviewed above, with rates of EPS subtype occurrence significantly
lesser than those seen with haloperidol. In an observational study of patients
with TD by Lohr et al. [62], rigidity scores were found to be lowered with
risperidone use, but no effect was seen on TD, tremor, or akathisia.

Tardive dyskinesia
Long-term trial data suggest that the risk of developing TD from risperidone
per year of treatment is one-fifth to one-tenth of that associated with haloperi-
dol use in equivalent doses, even in elderly patients [49, 63–66]. Two studies
specifically examining patients with TD to date have found significant de-
creases in dyskinesia ratings with risperidone [50, 52, 67], although in the case
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of the first study, which compared risperidone to haloperidol, these effects
were significant only at doses of 6 mg per day or higher [50, 67]. A small study
of mentally retarded adults who had been chronically treated with typical neu-
roleptics also found a reduction in TD following treatment with risperidone
[68]. An open-label study found stabilization of TD after 12 months of risperi-
done treatment in elders [61]. Jeste et al. [64] reported a lower incidence of TD
following risperidone treatment compared with haloperidol administration
(5% vs. 30%, respectively) in a prospective, longitudinal study of elders. In
contrast to these positive effects of risperidone on TD, another group found no
differences in dyskinesia ratings when comparing of risperidone with haloperi-
dol; only haloperidol showed significant amelioration of TD in this study [53].
The observational study of patients with TD found no effects on TD associ-
ated with risperidone treatment [62]. Finally, several cases of TD occurring in
patients not previously exposed to standard neuroleptics have been reported
with risperidone therapy [69, 70].

Neuroleptic malignant syndrome
Limited data are available on the rate and characteristics of NMS associ-
ated with risperidone use. Caroff and colleagues reported on 21 cases of
NMS associated with risperidone obtained either from literature searches
or from the Neuroleptic Malignant Syndrome Information Service database.
Risperidone-induced NMS was similar to classic NMS in presentation and
symptomatology, except that NMS associated with risperidone tended not to
produce extreme hyperthermia [40]. Recurrence of NMS has been reported
with risperidone rechallenge in a small number of patients [40] similar to that
seen with standard neuroleptic.

Parkinson’s disease
Risperidone has shown some efficacy in treatment of hallucinations and psy-
chosis in PD, however, at the cost of worsening of motor symptoms. In the
first study, low-dose (mean dose 0.67 mg/day) risperidone was reported to
improve hallucinations in a small series of PD patients [71], but this was fol-
lowed by another report of six PD patients where “substantial worsening’’ of
motor symptoms was seen with a mean dose of 1.5 mg per day [72]. Since then
several open-label series have demonstrated consistently that the drug wors-
ens motor features of PD [73]. One double-blind study compared clozapine
and risperidone in 10 PD patients. The study demonstrated similar efficacy
in both treatment groups for psychiatric symptoms; there was nonsignificant
worsening of motor symptoms in the risperidone treatment group but an im-
provement in the clozapine group [74].

Comparison with other atypicals
There were several head-to-head comparison trials of risperidone and other
atypical antipsychotics in schizophrenia patients. Two double-blind, random-
ized trials found similar effects with respect to EPS for risperidone and
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clozapine [75, 76]. Four other studies comparing these two agents reported
a more favorable EPS profile for clozapine, which would seem more likely
based on their pharmacology [77–80]. It should be noted that only one of these
studies was a double-blind design [80]. Comparisons of risperidone with olan-
zapine found similar EPS profiles in two studies, the latter of which was a
double-blind, randomized trial [81, 82]. Decreased EPS liability with olanza-
pine compared to risperidone was reported in two others, the first of which
was double-blind [83, 84]. The one comparison of risperidone with quetiapine
to date found a more favorable EPS profile with quetiapine [85].

Olanzapine

Olanzapine, a thienobenzodiazepine derivative, was the next atypical antipsy-
chotic agent introduced after risperidone in 1996. When olanzapine treatment
was compared with chlorpromazine and haloperidol in schizophrenia pop-
ulations, reductions in acute EPS, dropout rates, and use of concomitant an-
ticholinergic agents were all significantly reduced, including in treatment re-
fractory patients [86–92]. Both parkinsonism and akathisia were found to be
significantly reduced with olanzapine treatment compared with haloperidol
in a study of first-episode patients by Sanger et al. [91]. In a meta-analysis on
clinical safety of olanzapine in patients previously treated with typical agents
Beasley et al. [93] found improvements in EPS from baseline compared to those
treated with haloperidol. Caroff et al. [40] noted in their extensive review that
olanzapine is associated with lower incidence of sedation and hypersaliva-
tion compared with clozapine, which can by itself result in lower ratings of
bradykinesia and parkinsonism. A dose-dependent increase in EPS has been
seen with olanzapine, especially with respect to akathisia [88].

Tardive dyskinesia
In a large-scale, long-term study comparing olanzapine and haloperidol
Beasley et al. [94] found the 1-year risk of TD to be 0.52% for patients treated
with olanzapine and 7.45% for those in the haloperidol group. Beasley et al.
[94] and Tollefson et al. [95] have estimated that the rate of TD occurrence with
olanzapine is one-twelfth of that associated with haloperidol use. Preliminary
studies by Kinon et al. [96] found that olanzapine reduced dyskinesia ratings
in patients with TD and that 70% of patients with TD no longer had symptoms
following 8 months of olanzapine treatment [97]. Positive effects on TD ratings
following olanzapine treatment in elderly patients have also been found in
small open-label or prospective studies [98, 99], respectively).

Neuroleptic malignant syndrome
A review by Kontaxakis et al. [100] found 17 cases of possible NMS associ-
ated with olanzapine, including four definite cases with olanzapine monother-
apy. NMS has been described in neuroleptic-naı̈ve patients receiving olanza-
pine indicating a clear cause-and-effect relationship [101]. Rechallenge with
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olanzapine following NMS has been associated with recurrence [40]. There
are no data to date on the incidence of NMS associated with olanzapine use.

Parkinson’s disease
As with risperidone, olanzapine has been shown to worsen motor function in
patients with PD. This was initially demonstrated in several open-label studies
[73] and then confirmed in three double-blind studies [102–104]. In one of the
double-blind, randomized studies comparing olanzapine and clozapine for
hallucinations in PD patients, safety stopping rules were invoked after a sig-
nificant decline in motor function was seen in the olanzapine-treated patients.
UPDRS motor scores worsened by 12 points with olanzapine but improved by
6 points with clozapine. The authors of this study recommended that olanzap-
ine not be used for PD patients [102]. They propose that the higher D2 receptor
occupancy seen in positron emission tomography studies of olanzapine and
risperidone compared to clozapine may explain the unfavorable side effect
profile seen in both medications when used to treat PD patients [5].

Comparisons with other atypicals
As noted above, olanzapine has been compared in head-to-head trials with
risperidone with similar [81, 82] or more favorable EPS liability reported
[83, 84]. Direct comparison of olanzapine and clozapine in treatment-resistant
schizophrenic patients found no differences with respect to acute EPS between
the two agents [105].

Quetiapine

Quetiapine is a dibenzothiazepine compound that was developed specifically
to have a profile similar to clozapine with respect to EPS, without the risk
of hematopathology. It was approved for use in the United States in 1998. As
with the other atypical antipsychotics, the use of quetiapine has been associated
with reduction of EPS on objective ratings in schizophrenic patients, and also
in significant decreases in both patient dropouts from treatment trials and
use of concomitant anticholinergic medications, when compared with typical
antipsychotic agents [106–114]. One of the studies cited above did find a similar
rate of usage for anticholinergic medications between the quetiapine treatment
group and those treated with a typical neuroleptic (chlorpromazine, in this
case). However, the quetiapine group was found to have a lower incidence
of adverse events, and a lower incidence of EPS during treatment, compared
with the chlorpromazine group.

Tardive dyskinesia
In the few studies that exist to date, it has been reported that rates of TD seen
with quetiapine are similar to those seen with olanzapine, that is, one-twelfth
of that associated with haloperidol [114–117]. Tariot et al. [118] did not find a
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clear effect on TD in elders treated with quetiapine for 1 year in an open-label
trial.

Neuroleptic malignant syndrome
There are several case studies associating NMS with quetiapine use [119–123].
In the two rechallenge cases published thus far, one developed NMS following
resumption of quetiapine while the other did not [124, 125].

Parkinson’s disease
At this time, quetiapine is considered by many to be the first-line treatment
of hallucinations or psychosis in PD. Targum and Abbot [126] found que-
tiapine to be efficacious and fairly well tolerated in an open-label study of
11 PD patients with hallucinations and psychosis. Other small open-label
studies have found similar results, without worsening of motor symptoms
[73, 127]. More recently, several larger studies have indicated that about 80%
of PD patients with psychosis improve but 13–30% demonstrate a worsen-
ing of motor symptoms. In most cases the worsening is mild and of lit-
tle consequence as compared to olanzapine and risperidone [128, 129]. Low
doses (12.5 mg QD may be sufficient in some patients) should be tried to
minimize side effects, since there have been case reports of motor symp-
tom exacerbation with quetiapine [130]. On average most patients require
50–100 mg per day. A randomized, double-blind, comparison between queti-
apine and clozapine has yet to be made in this patient population. Despite this
it is often the treatment of first choice because of ease of use, lack of compulsory
blood monitoring, and consistently positively results in open-label studies.

Ziprasidone

Ziprasidone, a benzothiazolyl piperazine derivative, is the newest atypical
agent to be introduced in the United States in 2001. In the limited number
of studies to date, the use of ziprasidone has been associated with significant
reductions in acute EPS, EPS ratings, patient dropouts, and concomitant use
of anticholingergic agents in schizophrenic patients [131–135]. Data thus far
suggest that ziprasidone may be associated with increases in EPS risk with
higher doses [7]. A placebo-controlled study of ziprasidone for schizophrenia
and schizoaffective disorder found higher rates of anticholinergic medication
usage in the ziprasidone treatment group compared to those patients in the
placebo-controlled group, although this difference was not significant [133].

Reduction of all EPS subtypes were seen with ziprasidone use in the studies
cited above; further clinical and study data are needed to determine whether
ziprasidone is associated with superior efficacy for particular EPS symptoms.

Tardive dyskinesia
Ziprasidone has not been in use long enough at this time for significant data
to have been collected on TD associated with its use.
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Neuroleptic malignant syndrome
As with TD, ziprasidone has not been used widely enough for there to be data
on the incidence of NMS associated with its use. One case of NMS associated
with ziprasidone use has been described [136].

Parkinson’s disease
There are no data on the use of ziprasidone for treatment of psychiatric symp-
toms in PD.

Summary and conclusions

Compared with the high incidence of iatrogenic abnormal involuntary move-
ments seen with the use of standard neuroleptics, the risk of acute EPS, and
perhaps some other drug-induced movement disorders, has been reduced with
the introduction of atypical agents. However, atypicals are not free of these
side effects. Based on the studies reviewed above, the risk of acute EPS is best
represented as risperidone > olanzapine = ziprasidone > quetiapine > cloza-
pine. These differences become most obvious in sensitive populations such
as elders and those with Parkinson’s disease and related conditions. EPS li-
ability increases at the higher end of the dosing range with risperidone and
olanzapine, and probably with ziprasidone, although this may not be fully
apparent until this medication is in wider use.

Based on the above data, it appears highly likely that atypical antipsychotic
use significantly lowers risk of TD and may suppress symptoms in patients
who have already developed this side effect (see Chapter 12). Utility of indi-
vidual atypicals for suppression of particular EPS subtypes is still under in-
vestigation. The probable occurrence of spontaneous dyskinesias in untreated
schizophrenics can make side effects of any medication in this population dif-
ficult to assess, as can other risk factors for TD and prior exposure to standard
neuroleptics. Risk of NMS may be diminished in patients who are treated
with atypicals compared to standard neuroleptics, but the relatively rare oc-
currence of NMS makes differences in risk difficult to ascertain, especially with
the newer agents such as quetiapine and ziprasidone. Physicians should not
discount the possibility of NMS in patients treated with these agents.

The limited studies to date suggest that elderly patients benefit from a de-
crease in drug-induced movements with the use of atypical agents. Improve-
ment in TD may also be seen. With respect to treatment of hallucinations in
Parkinson’s disease and related disorders, some atypicals have an advanta-
geous EPS profile compared with standard neuroleptics. Clozapine and queti-
apine, often in very low doses, have been identified as those agents that are least
likely to worsen motor symptoms in these sensitive patients. Risperidone and
olanzapine are not recommended for use in PD patients due to their propensity
to worsen motor function. Too few data are available to allow for recommen-
dations for the use of ziprasidone to treat psychiatric symptoms in PD patients.

Atypical antipsychotics can be extremely helpful in the treatment of numer-
ous conditions, including psychosis, aggression, and mood disorders. They
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have been shown to decrease the incidence of EPS, and perhaps of TD. They
are the medications of choice for treating populations with known sensitivity to
standard neuroleptics, including elders and PD patients. As more data become
available, especially with respect to long-term use of these agents, firmer con-
clusions can be made with respect to the risk of drug-induced movement dis-
orders associated with their use. Clinicians must use these agents judiciously,
and at the lowest clinically effective doses, to further minimize the risk of
movement disorders associated with their use.
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CHAPTER 12

Commentary: is tardive dyskinesia
disappearing?

James B. Lohr

Is tardive dyskinesia (TD) disappearing? It is an optimistic question and, in
my experience, one of the most commonly asked about TD. It also reflects
a commonly held set of assumptions, which I believe can be summarized as
follows:
1. TD is due to antipsychotic treatment.
2. Newer antipsychotics do not cause TD.
3. All patients requiring antipsychotics will eventually be treated with the
newer agents.
4. TD will disappear.

Most disturbing, however, is that occasionally there is an additional con-
cluding link added to this chain of reasoning:
5. Therefore, TD is no longer of much clinical concern.

In this chapter I would like to examine some of the problems associated with
the concept that TD is disappearing, and whether the evidence really supports
such a concept.

What does the “disappearance of TD’’ mean? Disappearance implies that
at some point TD will cease to exist, that is, its prevalence will drop until it
reaches 0%. Although this may seem like a straightforward determination to
make, in practice it is plagued with difficulties.

One of the problems concerns inconsistency in the reports of the prevalence
of TD over time and across studies. Prior to 1965, the estimated prevalence was
5%, but increased to 25% in 1980 [1, 2]. In the early 1990s the prevalence was
considered to be in the range of 15% to 20%, but rates anywhere from 0.5% to
over 50% have been reported [3]. In older patients, the prevalence has been
reported to be much higher than in younger patients, in the range of 50%
to 75% [4–8]. TD prevalence has also been reported to be higher in patients
with mood disorders, being in the range of 9% to 64% [9–11]. In one direct
comparison study of TD in schizophrenia and bipolar disorder the prevalence
in schizophrenia was 25% and in bipolar disorder it was 42% [9].

Another problem is that some patients with psychosis manifest dyskine-
sias unrelated to treatment, which have sometimes been termed “spontaneous
dyskinesias’’ (see Chapter 3). The point prevalence of these has often been es-
timated to be in the range of approximately 4% to 7% [4, 13], but in fact widely
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varying prevalence rates in antipsychotic-naı̈ve patients with schizophrenia
have been reported, from 0% to 77% [14–16]. Some of this variability may be
accounted for by age, with increasing age of patients being associated with
a higher rate of spontaneous dyskinesia. For example, Fenton [16] estimated
that the prevalence rate of spontaneous dyskinesia in first-episode patients
with schizophrenia may be about 4%, increasing to 12% in patients under
30 years who have been ill for several years, 25% in patients between age 30
and 50 years, and 40% in patients over 60 years. Some have argued that we
can infer the disappearance of TD when the prevalence of TD matches that
of spontaneous dyskinesias [17], but this is problematic too, for spontaneous
dyskinesias have been poorly studied and inconsistently described, and they
unquestionably vary with diagnosis, having been studied almost exclusively
in schizophrenia. To confuse matters further, there is also a form of nonantipsy-
chotic dyskinesias that emerge with advancing age (so-called senile dyskine-
sias) [18–20]. Because TD is a clinical diagnosis, based on the appearance of
abnormal movements, and there is no known laboratory or other diagnostic
test for it, it cannot be clearly discriminated from these other dyskinesias. This
means that it will always be difficult to determine if and when TD disappears
as a clinical phenomenon.

The fluctuating nature of TD is another problem [7, 21]. Patients with TD
can suppress the movements voluntarily for periods of time, making assess-
ment difficult. Even when the movements are clearly evident, they may not be
recognized by clinicians, and underdiagnosis of TD has always been a signifi-
cant clinical problem [22–24]. Patients themselves frequently do not notice the
movements, and often do not complain about them, which further contributes
to underrecognition [25–28].

Thus, there are problems determining the prevalence of TD at any given
time. Is there, nevertheless, evidence to suggest that the prevalence may be
declining? Of particular importance to answer, this question would be preva-
lence studies that have taken place in the last 5 years, when the newer, second-
generation antipsychotic medications have become the most widely prescribed
in the world. There have been a handful of studies since 1996 that have ad-
dressed the issue of prevalence of TD.

In 1997 Van Os et al. [29] reported that 17% of patients had TD over a
4-year follow-up period. In 1998 Van Harten and colleagues [30] reported a
TD prevalence of 36% in patients who suffered primarily from schizophrenia.
Two reports from 1999 [11, 31] gave TD prevalence rates of 16% and 18%, re-
spectively, while a third report from 1999 [32] suggested a higher prevalence
rate for men (21%) than women (11%) in patients who were under the age of
65 years. Schulze et al. [33], in a study from 2001, reported a prevalence rate of
TD of 43%. In terms of older patients, a study of Woerner et al. [34] from 1998
reported a cumulative TD rate of 53% in patients treated for 3 years, and a study
of Byne et al. [6] reported a rate of 60% in chronically institutionalized patients
with schizophrenia over the age of 65 years. These prevalence or cumulative
incidence rates are not different from those reported prior to the mid-1990s.
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However, in none of these studies was the issue of second-generation medica-
tions addressed, so we do not know how many patients were on these newer
drugs, nor what impact they may have had on the rates of TD.

Two studies, however, addressed the issue of second-generation medications
directly. In a comparison of 1996 versus 1981 data, Kelly et al. [35] determined
that more patients in the Nithsdale schizophrenia surveys had TD in 1996 than
in 1981 (41% vs. 20%), and although when 97 matched pairs were examined,
the differences were fewer (26% vs. 20%). In the same study, a comparison of
patients on second-generation drugs (risperidone and sulpiride) versus first-
generation drugs in 1996 revealed that 24% on second-generation medications
had TD compared to 38% on first-generation, but the second-generation group
was also younger (42 years vs. 51 years of age), and had a shorter duration
of illness (13 years vs. 20 years), thus making it impossible to say if there was
actually a reduced prevalence of TD in this group. More recently, Modestin
et al. [36] determined that the point prevalence of TD in 200 patients treated
with antipsychotic medications was 22%. Of these, 46 patients had been treated
with clozapine for a prolonged time period (3 years or more), with no clear
decrease in prevalence of TD (in fact, the prevalence was higher in the clozapine
group). In 11 patients, TD appeared to have become manifest during the course
of clozapine treatment.

Thus, there is currently no direct evidence that the prevalence of TD has
declined or is declining, or that second-generation medications have impacted
the prevalence of TD. So, where is this hopefulness for the disappearance of
TD coming from? The optimism appears to be related to incidence studies
that have been performed with some of the second-generation antipsychotics.
These studies have shown a reduced incidence of TD with second-generation
agents in comparison with first-generation drugs such as haloperidol over
the time frames of the trials performed (generally only a few years). Yearly
incidence rates for second-generation drugs are in the range of one-sixth to
one-twelfth that of the first-generation antipsychotic haloperidol, in samples
of both younger and older patients [37–43].

It is a problem to draw conclusions about prevalence from incidence studies.
We know that a large proportion of patients with TD due to first-generation
medications have a reduction or improvement in TD over time, even when
the patients are continued on those medications. The remission rate of pa-
tients continued on first-generation medications over 5 to 10 years has been
reported to be 25% to 50% or more [44–46]. In terms of patients for whom first-
generation medications are discontinued, one estimate is that only 20% of pa-
tients with TD would show significant dyskinesia after 5 years [47]. Robinson
and McCreadie [48] have suggested that it is this truly persistent TD, that
is, that which is detectable on all occasions, which is the best index of TD
outcome.

Although the incidence of TD is probably less with second-generation drugs,
when it does occur we know nothing about its long-term course, which,
for all we know, may be much more persistent than TD associated with
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first-generation agents. Suppose, for example, that the yearly incidence of TD
with first-generation agents is 5%, and that with second-generation agents it
is 0.5% (one-tenth). However, if permanent TD occurs in only one-fifth of the
TD cases with first-generation drugs, but in all TD cases with first-generation
drugs, then the incidence of permanent TD with second-generation drugs
(0.5%) would still be half that of second-generation drugs (1%). At a 0.5%
yearly incidence of permanent TD, then over a 20-year period of treatment the
prevalence of TD would be 10%, which, although less than that observed with
first-generation drugs, is still clinically significant. This discussion is specula-
tive but in some ways that is the point – the fact that we do not have data on
which to base firm convictions.

Another problem concerning the issue of TD disappearance is that certain
groups of patients may be at high risk for TD, and it is not at all clear what
the future of TD in these groups will be with the new drugs. We have already
discussed the increased risk for TD in older patients, and, while the yearly
incidence of TD with second-generation drugs in this group appears to be less
than with first-generation drugs (3% vs. 25%), it is actually similar to that of
first-generation drugs in younger patients (4–5%). Another high-risk group of
patients is that with mood disorders. This group is of considerable concern, be-
cause the second-generation agents are showing important mood-stabilizing
properties, and are being increasingly used for this purpose [49–51]. In the
future, it appears that second-generation antipsychotics will be used more
and more for the chronic treatment of bipolar disorder. Also, with the immi-
nent appearance of long-acting injectable second-generation agents, these too
will probably become commonly used for patients with bipolar illness. We
simply have no idea what the long-term consequences of second-generation
antipsychotics will be in bipolar patients. The studies of incidence of TD with
these newer agents have been performed in schizophrenia and schizoaffec-
tive disorder and not mood disorders. Even if the second-generation drugs
have a reduced incidence of TD overall, if they are used chronically in a much
larger population of patients than first-generation drugs (a population includ-
ing bipolar patients and others), then the number of patients who develop TD
may still be substantial.

Given the difficulties in determining the prevalence of TD, the fact that re-
cent prevalence studies of TD show rates that are similar to those reported
in the past, the problems of interpreting incidence studies, and the growing
importance of high-risk groups, optimism that the demise of TD may be close
at hand should be tempered. I am concerned that, on the basis of a few short-
term studies demonstrating a reduced incidence of TD with second-generation
agents essentially only in schizophrenia and schizoaffective disorder, the med-
ical world may be too eager to erase TD from the list of clinical concerns.
Already, I am beginning to see clinicians give diagnoses of spontaneous dysk-
inesia or senile dyskinesia to patients receiving second-generation antipsy-
chotic drugs, because of the assumption that it cannot be TD, since these drugs
do not cause TD.
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Figure 12.1 Numbers of English-language articles published per year with tardive dyskinesia or
tardive dystonia in their titles, as determined by a search of PubMed with key words “tardive
dyskinesia.” The years of FDA approval for the second-generation antipsychotic agents are also
shown. Note that data for the year 2002 only represent studies published through September.

So, the question arises, are we witnessing not so much a decline in TD, as
a premature decline in interest in TD? Although difficult to answer, I decided
to address the question by performing a search on the number of articles pub-
lished on TD per year for the past several decades. I have plotted by year
the number of articles drawn from a PubMed search of English language ar-
ticles with the key words “tardive dyskinesia,’’ which have the words tardive
dyskinesia or tardive dystonia in their titles. This is shown in Fig. 12.1. I have
also added the dates of FDA approval of the various second-generation an-
tipsychotic agents. Although far from a definitive proof, it is of concern to
note the drop-off in publications beginning in the early 1990s, shortly after
the introduction of clozapine. This is considerably before the other agents
were introduced, and certainly long before there was good evidence of even a
reduction in incidence of TD with the newer agents.

In summary, it is premature to say that TD is disappearing. Although it
would make sense that the prevalence of TD should decline over time, con-
sidering the lower incidence of TD with second-generation agents and the
widespread and growing use of these drugs, there are no actual data to sup-
port the notion that TD is declining in prevalence. On the other hand, there
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does appear to be evidence that interest in TD is declining, and this is very
troublesome, because it may mean fewer studies will be performed to address
these very important issues.
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CHAPTER 13

Dyskinesia induced by levodopa and
dopamine agonists in patients with
Parkinson’s disease

John G. Nutt and Matthew Brodsky

History

The seminal report of Cotzias, Van Woert, and Schiffer, published in 1967,
described how chronically administered oral D-levodopa ameliorated the
signs and symptoms of Parkinson’s disease but included the observation that
athetoid movements were induced in some patients by the drug [1]. This
was an unexpected side effect of the drug because the earlier report from
Birkmeyer and Hornykiewicz on the acute effects of D-levodopa administered
intravenously to patients with parkinsonism had not described the produc-
tion of involuntary movements [2]. A subsequent report from Cotzias et al. in
1969 indicated the magnitude of the problem; 50% of the patients receiving
D-levodopa or levodopa developed dyskinesia [3]. The rapid acceptance of
levodopa as the therapy of choice for parkinsonism resulted in a number of
clinical reports in the early 1970s, many of which emphasized the high preva-
lence of levodopa-induced dyskinesia [4–6]. In the mid-to-late 1970s, distinc-
tive patterns of dyskinesia were recognized, including “peak dose’’ dyskinesia
[7, 8], “diphasic dyskinesia” [8, 9], and “off’’ dystonia [10, 11].

Apomorphine, a dopamine D-1 and D-2 agonist, was the first agonist to
be tried in Parkinson’s disease, the initial investigations antedating the in-
troduction of levodopa. Schwab, Amador, and Lettvin [12] found that small
subcutaneous or oral doses produced modest improvement in the parkinson-
ism and no dyskinesia. The interest in apomorphine was revived by Cotzias,
who noted a more dramatic effect of the drug on parkinsonism as well as the
fact that it would induce dyskinesia in some patients in whom dyskinesia had
appeared during chronic levodopa therapy [13]. Chronic oral administration
of apomorphines was shown to produce dyskinesia that was very similar to
that induced in the patients by levodopa [14].

Bromocriptine, a dopamine D-2 agonist, introduced by Calne in 1974, was
also found to induce dyskinesia in patients who had developed dyskinesia
from levodopa [15]. Other orally effective direct-acting dopamine D-2 agonists
(pergolide, lisuride, PHNO, mesulergine) also induced dyskinesia. However,
patients treated only with bromocriptine from the initiation of dopaminergic
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therapy and unexposed to levodopa, rarely developed dyskinesia [16, 17].
These observations focused interest on the factors important for the induction
of dyskinesia in Parkinson’s disease and resulted in the introduction of two
new agonists, pramipexole and ropinirole, with an indication for early parkin-
sonism. This indication for dopamine agonists is backed by randomized clin-
ical trials showing that these agonists are associated with considerably less
potential for inducing dyskinesia than is levodopa [18, 19].

Another important development in the history of levodopa and dopamine
agonist-induced dyskinesia was the introduction of the MPTP-treated mon-
key as a model of parkinsonism [20] that developed dyskinesia with repeated
dosing with dopaminergic agents [21]. Physiological and pharmacological in-
vestigations of this model have yielded insight into the physiology and phar-
macology of drug-induced dyskinesia in parkinsonian patients and allowed
separation of drug- and disease-related factors.

Stereotaxic surgery, both ablative lesions and deep brain high frequency
stimulation, and their effects on levodopa-induced dyskinesia have provided
evidence for the neural circuits responsible for dyskinesia in humans. Positron
emission tomography has provided another way by which to investigate the
circuitry underlying dyskinesia. Finally, grafting of fetal dopamine neurons
into parkinsonian subjects has revealed a new form of dyskinesia, so-called
“run-away dyskinesia’’ or “off-drug dyskinesia,’’ which may persist when an-
tiparkinsonian medications are completely withdrawn [22, 23]. This observa-
tion may require revisions to our theories of the causes of dyskinesia.

Clinical features

Forms of levodopa-induced involuntary movements
Choreoathetosis
Choreoathetosis is the most common pattern of involuntary movement in-
duced by levodopa and dopamine agonists. This form of dyskinesia often
begins with very subtle rocking movements of the trunk, nodding movements
of the head, or sinuous movements of the fingers, ankles, or toes. The choreoa-
thetosis may become very severe and may affect any skeletal muscle group.
This levodopa-induced dyskinesia may be indistinguishable from the move-
ments of Huntington’s disease or tardive dyskinesia. Choreoathetosis may be
as disabling as the parkinsonism, but in most patients it produces modest
disability and most patients prefer choreoathetosis to the parkinsonian state.

Dystonia
Dystonia is the second most common pattern for levodopa-induced dyskine-
sia. Dystonia in patients with parkinsonism need not be related to the use of
dopaminergic drugs. Some patients have dystonia, particularly of the foot, as
an early manifestation of their parkinsonism and before any drug therapy is
started [24]. Most commonly, dystonia in Parkinson disease (PD) is related to
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the long-term use of dopaminergic drugs. Dystonia is often brought out by
movement or use of the affected muscle group. It may affect any part of the
body. Dystonia affecting the cranial musculature may interfere with speech and
swallowing. A patient with this type of dystonia may appear relatively nor-
mal when sitting quietly although the corners of the mouth may be excessively
retracted. On attempting to speak, involuntary contractures of facial, lingual,
and masticatory muscles become apparent and may disrupt speech, chewing,
and swallowing. Dystonic posturing of the ankle and toes, often accompanied
with pain when the patient is “off’’ is a distinctive pattern in patients receiving
levodopa chronically.

Dystonia often coexists with choreoathetosis in the same patient. Both may
appear concurrently, with the dyskinesia being a mixture of choreic and dys-
tonic movements, or there may be dystonic movements at one time and
choreoathetotic movements at another time.

Ballism
Levodopa-induced involuntary movements can be extremely severe in some
patients, producing wild, flinging, ballistic movements of the limbs that are
very disabling and may result in injury.

Stereotyped movements
Stereotyped movements may occur with chronic levodopa therapy. These may
take the form of stepping or kicking movements of the legs, particularly as
the patient passes from “off’’ to “on’’ [25]. Peculiar patterns of gait may be
seen, most commonly a tendency to lift one leg too high to give the patient
a gait sometimes characterized as a “hemi-goose-step march.’’ Occasionally,
stereotyped movements could be characterized as tics, but it is rare for tics to
be the only manifestation of levodopa-induced involuntary movements with
an absence of other choreoathetotic movements.

Myoclonus
Myoclonus may be seen in parkinsonian patients treated chronically with lev-
odopa [26]. It may occur in the setting of cognitive impairment and psychiatric
symptoms and be a sign of a metabolic encephalopathy. However, myoclonus
may also be induced by levodopa as an “on’’ phenomenon [25]. It is uncom-
mon that the myoclonus is so severe as to produce disability itself or to require
treatment.

Tremor
Tremor is, of course, part of the parkinsonism triad. However, it is worth
noting that the tremor of Parkinson’s disease may be augmented by levodopa.
This tends to be a transitory phenomenon during each dose cycle. The tremor
tends to be of lower amplitude when the patient is more severely “off’’ and
to become more pronounced just as the patient begins to turn “on’’ and even
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be transiently mixed with choreoathetotic dyskinesia. The tremor may also be
exaggerated as the patient turns “off.’’

Akathisia
Akathisia is the subjective sensation of the need to move not caused by other
sensory complaints or anxiety. It is generally manifested by restlessness and
fidgety movements. Restlessness is a rather nonspecific symptom. In the ab-
sence of the compulsion to move, this should not be termed akathisia. Akathisia
may be seen in untreated Parkinson’s disease but more commonly occurs in pa-
tients receiving dopaminergic drugs. A relationship to the dopaminergic drug
cycle may be present in some patients; in some, the drugs appear to relieve the
symptoms and, in others, they appear to induce them [27].

Temporal patterns of dyskinesia
Peak dose dyskinesia
Peak dose dyskinesia is dyskinesia occurring when the effects of levodopa on
the parkinsonism are most apparent [28]. For this reason, it is sometimes called
“on’’dyskinesia. Although also termed “peak dose’’dyskinesia, the dyskinesia
often does not directly relate to plasma peaks of levodopa, as is also true for
the improvement in parkinsonism [29]. The dyskinesia is commonly choreoa-
thetotic but may be dystonic, ballistic, or stereotyped. This form of dyskinesia
tends to be present throughout the period of time the patient is experiencing
a reduction in the parkinsonian symptomatology (sometimes referred to as a
“square-wave’’ response) [30]. This is the most commonly observed pattern of
levodopa-induced dyskinesia [25].

Dyskinesia need not appear in all body parts simultaneously after a dose of
levodopa [25]. For example, some patients will note that dyskinesia appears
in the arms while the legs are still very parkinsonian. Alternatively, the legs
may develop dyskinesia while a typical parkinsonian rest tremor persists in
the arms. This mixture of “on’’ dyskinesia and parkinsonism often appears
to be in a transient state when presumably striatal dopamine is near critical
level. As striatal dopamine concentrations rise, only dyskinesia is present, and
when levodopa is withheld for several hours, only parkinsonian bradykine-
sia and tremor are present. It is less common to see a marked side-to-side
dissociation with, for example, one arm dyskinetic and the other tremulous.
However, occasionally, the mixture of dyskinesia and tremor may be complex;
for example, dyskinesia in the shoulder and elbow and tremor in the hand.
Similarly, mixtures of parkinsonism and dyskinesia occur simultaneously in
some neuroleptic-treated patients.

Diphasic dyskinesia
Diphasic dyskinesia refers to choreoathetotic, dystonic, stereotyped, or ballis-
tic movements that appear as levodopa begins to take effect and as the drug
effects wane [7, 9, 25, 31, 32]. Thus, the patient may have bursts of dyskinesia as
the drug begins to produce an antiparkinsonism effect succeeded by another
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burst of dyskinesia as the drug effects wear off. In between these periods of
exaggerated dyskinesia, there may be good antiparkinsonism effects with less
dyskinesia. This diphasic pattern of dyskinesia is not always apparent with
each dose cycle and often is manifest only by exacerbation of dyskinesia at
the end of some dose cycles. Diphasic dyskinesias can be extremely severe
with ballistic movements accompanied by marked sweating, hypertension,
and tachycardia. Sudden death has occurred during these episodes, presum-
ably related to cardiac arrhythmias [28]. This severe form of diphasic dyskinesia
is, luckily, uncommon.

Diphasic dyskinesia in a less severe form, however, may be extremely com-
mon. Stereotyped, repetitive leg movements commonly have a diphasic pat-
tern. Many patients will have an exacerbation of their tremor just before they
begin to turn on, immediately followed by dyskinesia. The dyskinesia and
tremor may even be mixed or alternate for several minutes. The dyskinesia
may then partially remit and the patient is left with a milder degree of dysk-
inesia but good control of the parkinsonism until the effects of the medicine
begin to wear off when the sequence is repeated [33]. A diphasic pattern of
dyskinesia has also been seen in monkeys with MPTP-induced parkinsonism
treated with levodopa or apomorphine [34].

“Off’’ dystonia
Dystonia, generally affecting the legs and frequently painful, occurs when
dopaminergic drug levels are low, such as when the patients have been with-
out medicine overnight or as the effects of a dose wear off [10, 11, 25, 32, 35, 36].
Because of the predisposition for it to occur in the morning, it also is termed
“early morning dystonia’’ [10]. Commonly, the dystonia produces flexion or
extension of the toes, inversion, or plantar flexion of the ankles, and internal
rotation of the leg. However, dystonia may affect the trunk and arms, although
this is less common. Cramping pain is almost always present with “off’’ dysto-
nia. As implied by the term “off,’’ dystonia is present when the parkinsonism
is more apparent, that is, when the antiparkinsonian effects of the drug have
dissipated or the patient is “off.’’ The dystonia is frequently precipitated when
the patient attempts to walk or becomes anxious. “Off’’ dystonia can generally
be clinically differentiated from “peak dose’’ or “diphasic’’ dystonic dyskine-
sias by the timing of the dyskinesia in relation to the dose cycle and by the
presence of cramping pain.

“Runaway dyskinesia’’
This new pattern of dyskinesia has been described only in patients that
have received embryonic midbrain grafts and have been followed for one
or more years [22, 23]. The dyskinesia is unrelated to the dosing cycle and
persists even if dopaminergic drugs are completely stopped. It may be so se-
vere as to require deep brain stimulation or pallidotomy for control of the
dyskinesia.
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Spatial patterns of dyskinesia
Dyskinesia is worse on the side most affected by parkinsonism
Idiopathic parkinsonism is often asymmetrical, the tremor, rigidity, and
bradykinesia appearing in one arm or leg first and spreading over months
to years to involve the other limbs. The asymmetry in severity of parkinson-
ism at presentation may persist throughout the course of the disease. Peak
dose dyskinesia as well as “off’’ dystonia are generally first apparent on this
more affected side of the body and may be more severe on the more affected
side throughout the course of the illness [37].

Somatic musculature affected by dyskinesia
Peak dose and diphasic dyskinesia commonly affect cranial, trunk, and limb
musculature. Extraocular muscles are usually spared, although there are oc-
casional cases in which dyskinesia affects the extraocular muscles [38, 39].
Patients with Parkinson’s disease and levodopa-induced fluctuations in motor
function may have respiratory complaints, particularly dyspnea. Sometimes,
dyspnea is associated with dyskinetic movements of the respiratory muscles
[40, 41]. However, dopaminergic drugs may induce dyspnea without obvi-
ous dyskinesia of chest or abdominal musculature. It has been postulated that
dyskinesia of the diaphragm or upper airway musculature may be respon-
sible or that there is a direct effect on medullary respiratory centers [41, 42].
Dyspnea may also be an “off’’ symptom, perhaps related to chest wall rigidity,
involuntary movements of the upper airway, or anxiety [43].

Severity of dyskinesia
Effects of emotion, stress, and concentration
The severity of dyskinesia waxes and wanes throughout the day and even
during a single-dose cycle. One clear contributing factor to this is the emotional
state of the patient. Stress will often exacerbate dyskinesia [30]. However, stress
may sometimes completely abolish the dyskinesia and concomitantly turn the
patient “off.’’ Both effects may be seen in the same patient at different times
and presumably the effects of stress depend on whether the brain dopamine
levels are well above threshold (stress then increasing dyskinesia) or close to
threshold (stress turning the patient “off’’). Concentration on mental tasks also
brings out dyskinesia [44].

Effects of activity
Dyskinesia lessens when the patient is sitting or lying quietly and disappears
or is greatly reduced if the patient is asleep. Conversely, dyskinesia is often
brought out by motor activity [30, 44]. To some extent, this increase in dyskine-
sia resembles mirror movements or “motor overflow.’’ For example, when the
patient begins to use one hand in a motor task, dyskinesia will appear in the
other limbs. Even talking is sufficient to bring out dyskinesia in many patients.
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Effects of dopaminergic drug dose
Peak dose dyskinesias are generally considered to be dose-responsive, that
is, dyskinesia is more severe with larger doses of drug [28]. However, most
studies find that the severity of dyskinesia is not very dose-related, although
the duration of the dyskinesia is related to the size of the dose or the peak
plasma levodopa levels [29, 45]. This means that if the patient has dyskinesia,
it is generally either present or absent without a gradient of severity [30].

It is also assumed that, at least initially, there is a therapeutic window and
that more drug is required to produce dyskinesia than to produce the an-
tiparkinsonian effects [28, 46, 47]. It is for these reasons, that is, to keep the
plasma concentrations within the therapeutic window, that many physicians
reduce the dose of levodopa and increase the frequency of dosing when dysk-
inesia appears. However, the evidence for a therapeutic window is based
on evidence from very few patients. The majority of patients either have
no dyskinesia at all or have dyskinesia that coincides with the antiparkin-
sonian effects [46]. Studies with intravenous infusions of levodopa have not
found a consistent therapeutic window where the antiparkinsonian effects
can be obtained without dyskinesia [29, 30]. Oral dosing with the associated
peaks and troughs in plasma concentrations makes a therapeutic window
problematic.

Natural history
Appearance of dyskinesia
Dyskinesia is not apparent with the first doses of levodopa or dopamine ago-
nists at the initiation of long-term therapy with levodopa. However, dyskinesia
may appear during the first month of chronic treatment with levodopa and suc-
cessively more patients develop it over the ensuing months [4–6]. This delay in
emergence of dyskinesia indicates that dyskinesia is not determined by severity
of dopaminergic denervation but is somehow induced by repeated exposure
to levodopa. In other words, dyskinesia represents sensitization or priming to
levodopa or to other dopaminergic agents. Repeated dosing with levodopa is
also required to induce dyskinesia in monkeys with MPTP-induced parkin-
sonism, a presumably nonprogressive dopaminergic lesion. The first doses of
dopaminergic drugs do not induce dyskinesia, but repeated administration
over days to weeks is required [34, 48–50].

Dyskinesias first appear as very subtle, fidgety movements that may be
difficult to separate from normal extraneous movements. The fact that the
movements are dyskinesia may become obvious if the patient is seen at another
time when they have had no dopaminergic drugs for hours or overnight and
the movements are absent. The patient and family are generally unaware of
these subtle dyskinesias. Thus the emergence of dyskinesia may go undetected
for some time. In a longitudinal study, dyskinesias were observed in 8 of 18
subjects after the first 6 months of levodopa therapy; only one of whom was
aware of the dyskinesias. After 4 years, 13 of the 18 subjects had dyskinesia
and 10 of those 13 were aware of their dyskinesia [51]. These observations
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must be considered when incidence of dyskinesia is an endpoint in clinical
studies.

The relationship of development of “on’’ dyskinesia to the appearance of the
fluctuating response (“wearing off’’ and “on-off’’) is problematic. There is evi-
dence that a short-duration response (a motor fluctuation) to levodopa may be
seen with the first doses of the drug but that these fluctuations are so subtle as
to escape the patient’s and physician’s notice under most circumstances [52, 53].
The appearance of dyskinesia intermittently throughout the day may there-
fore offer the first evidence, recognized by patient and physician, that motor
function varies during the day. Although the emergence of motor fluctuations
and dyskinesia may occur at about the same time [54], there is no absolute re-
quirement for motor fluctuations before dyskinesia appears. However, the fact
that dyskinesia tends to occur in patients with a good antiparkinson response
to levodopa suggests that there may be a relation and raises the question, con-
sidered below, of whether the therapeutic benefit of levodopa can be separated
from dyskinesia.

“Off’’ dystonia also appears with chronic levodopa therapy and at first is
infrequent and minor but may increase in severity to dominate the patient’s
complaints. “Off’’ dystonia is generally seen in patients treated with levodopa
for years rather than months [10, 11, 35]. Many patients have both “on’’ dysk-
inesia and “off’’ dystonia but there is no recognized connection between these
two forms of dyskinesia except that both are related to long-term therapy with
levodopa [25].

Changes in severity of dyskinesia during chronic therapy
With continued levodopa therapy, the severity of the dyskinesia increases [51]
and the initially subtle movement becomes more clearly choreic, dystonic, or
stereotypic. Initially, dyskinesia may be present only in the most affected limb
or just in the face, neck, or trunk. With continued therapy, the dyskinesia may
spread to involve other body parts although it sometimes remains localized.
The same pattern of increase in severity of dyskinesia and gradual involvement
of more muscle groups is seen in parkinsonian monkeys treated with levodopa
[34, 48–50].

Variations in severity during the day
The patient’s dyskinesia is generally related to the dose cycle. This pattern may
not be identical with each dose, perhaps because of the inter-dose variability
in absorption and blood-to-brain transport of levodopa. Many patients notice
that the control of the parkinsonism is not as good in the afternoon, and para-
doxically, the afternoons may be associated with more dyskinesia. This may be
partially due to poorer absorption of levodopa in the afternoon and increasing
plasma amino acid concentrations [55]. However, a pharmacokinetics expla-
nation is not adequate to explain all the diurnal patterns in motor fluctuations
and dyskinesia [56].
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Withdrawal of dopaminergic agents
Withdrawal of levodopa or dopamine agonists will generally cause an imme-
diate disappearance of peak dose and diphasic dyskinesia. The “off’’ dystonia
will also disappear within approximately 24 hours [35]. The consequence, of
course, is that the patient is left in a state of parkinsonism. Very rarely, patients
will have “on’’ dyskinesia when they have been overnight without antiparkin-
sonian medications [36]. In our experience, this dyskinesia is associated with
less parkinsonism than is generally present when the patient is fully “off’’and is
self-limited, lasting minutes to a couple of hours. It may be related to sleep ben-
efit [57]. Another exception to the clinical dictum that withdrawal of levodopa
stops all dyskinesia has emerged in the studies of fetal midbrain grafting in
PD. Patients receiving the grafts have developed intractable “on’’ dyskinesia,
termed “runaway’’ dyskinesia, several years after the grafting procedure. The
dyskinesia persists even when antiparkinsonian medications are withdrawn
[22, 23]. The etiology of this phenomenon is unknown, but perhaps is due to
elevated striatal levels of extracellular dopamine from the graft. A recent PET
study of five transplanted patients with runaway dyskinesia revealed mod-
est increases in levodopa uptake in left dorsal posterior and ventral putamen
compared to that in transplanted subjects without dyskinesia [58].

Epidemiology

Prevalence of dyskinesia in levodopa-treated patients
Estimates of prevalence of levodopa-induced dyskinesias from the literature
are hampered by a number of factors. First, the criteria for diagnosis of
levodopa-induced dyskinesias are often not explicitly defined. Second, dysk-
inesia appears gradually, making it difficult to draw the line between vague
fidgety movements and definite dyskinesia. Third, “on’’ dyskinesia, diphasic
dyskinesia, and “off’’dystonia are often not differentiated. Fourth, most studies
describing prevalence of dyskinesia do not indicate whether the presence of
dyskinesia is based on direct observation or on the patient’s history. Patients’
histories are notoriously unreliable because patients often cannot differentiate
tremor, dyskinesia, and cramps. The chances of the physician observing and
characterizing dyskinesia depend upon whether the patient is seen through-
out one or more dose cycles and whether the patient is put through activating
procedures such as carrying out motor and mental tasks. These considerations
become particularly important when dyskinesia is an important endpoint, such
as in studies comparing the effects of various treatment regimens in previously
untreated patients. Finally, the presence of dyskinesia does not necessarily in-
dicate a deterioration in quality of life, and differentiating nontroublesome and
troublesome dyskinesia is worthwhile [59].

The prevalence of dyskinesia reported by early investigators was remark-
ably similar. Barbeau et al. reported that 49% of their series of 100 patients
exhibited dyskinesia at 3 months [4]. The percentage rose during the ensuing
2 years, but this was partially because of dropout of nonresponding patients
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as well as an increase in the percentage of treated patients with dyskinesia.
Markham found that 21% of 100 patients had chorea at 3 months and 38% at
1 year [6]. In the same group of patients, 68% showed a 50% or more improve-
ment in the parkinsonism at 1 year. Mones et al. reported that 3 or more months
of levodopa improved 74% of the patients and induced dyskinesia in 44% of
these improved patients [5]. Lesser et al. found dyskinesia in 43% of levodopa-
treated patients with idiopathic parkinsonism attending a movement disorder
clinic [60]. Dyskinesia was noted in only one of the nonresponding patients.
It should be noted that these early patient series, shortly after the introduc-
tion of levodopa as a therapy for PD, included much more severely affected
patients than would be typical for patients beginning levodopa therapy now
[59]. More recent studies have suggested a 40% prevalence after 4 to 6 years of
levodopa therapy [59]. Prospective 5-year studies of early PD patients placed
on levodopa in randomized, controlled trials found a prevalence of 22% in a
comparison of immediate and controlled release carbidopa/levodopa [61] and
45% in a comparison of levodopa to ropinirole [18].

The prevalence of dyskinesia with continuation of levodopa therapy dif-
fers in various patient series. Sweet and McDowell [62] noted that prevalence
peaked in their patient series at 57% after 3 years of treatment and fell to 49%
after 5 years of treatment. Barbeau found that dyskinesia was present in 66% of
a series of 80 patients after 1 year of treatment, in 55% after 6 years, and 33% af-
ter 11 years [63]. Rajput found dyskinesia in 16% of autopsy-proven idiopathic
PD cases after 2.5 years and 31% after 6 years of levodopa treatment but 62%
demonstrated dyskinesia eventually [64]. A more recent community-based
study found a prevalence of dyskinesia of 28% in levodopa-treated patients
[65]. The percentage of patients with dyskinesia in these series with longer
follow-ups is confounded by (1) dropout of the patients with poor or no re-
sponse to the drug, patients who rarely develop dyskinesia, (2) loss of patients
from other causes, and (3) changes in treatment strategies.

Age and sex as risk factors
It is a widely held clinical impression, bolstered by clinical series, that individ-
uals with younger age of onset of PD have a higher prevalence of levodopa-
induced dyskinesia. Quinn et al. found that dyskinesias were particularly com-
mon in patients with young-onset Parkinson’s disease (onset between ages 21
and 40 years) [66]. Of their 51 patients, 15.7% had developed dyskinesias within
1 week of beginning levodopa. At 1, 3, and 6 years of treatment, the percent-
ages of patients with dyskinesias were 55%, 75%, and 100%, respectively. A
recent re-review of this series of patients plus young onset patients added
since the original report again emphasized the high prevalence of dyskinesia
in young onset PD; 92% after 5 years of levodopa treatment [67]. However,
age alone may not be entirely responsible for this difference. Young onset in-
dividuals have a good response to levodopa, tolerate higher doses, and often
need or want the best control of their parkinsonism. These variables, promot-
ing use of higher doses of levodopa, rather than age itself, may be partially
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responsible for younger onset patients having a greater frequency and severity
of levodopa-induced dyskinesia.

Estrogens may affect basal ganglia function and parkinsonian symptoma-
tology [68–70], and one might expect that the sex of the patient could be a risk
factor for developing dyskinesia. Dyskinesia has been reported to occur more
frequently in women in a retrospective analysis of a large clinic database [71].
This difference in prevalence of dyskinesia is not necessarily related to sex hor-
mones. The increased prevalence of levodopa-induced dyskinesia in women
has been attributed to the lower body weights in women and consequently,
relatively higher doses of levodopa in women than in men [72].

Parkinsonism as a risk factor
Levodopa-induced dyskinesia is generally associated with idiopathic
Parkinson’s disease. Markham [6] and Mones et al. [5] reported that levodopa
did not induce dyskinesia in normal humans nor in patients with dystonia,
Huntington’s disease, torticollis, or other miscellaneous diseases. Similarly,
Chase et al. found no dyskinesia in patients with motor neuron disease treated
with levodopa [73]. Long-term therapy with levodopa for years did not pro-
duce dyskinesia in essential tremor patients [74]. These observations in humans
were, for many years, thought to be consistent with studies in nonhuman pri-
mates. Levodopa will induce hyperactivity and stereotyped movements in nor-
mal monkeys, but these motor patterns are different from the choreoathetosis
and dystonia induced in the MPTP-induced parkinsonian monkey [75]. Two
recent studies, however, have indicated that dyskinesia can be induced in nor-
mal monkeys [76, 77]. This finding has been questioned [78]. The fact that
dyskinesia can be induced in normal monkeys suggests that parkinsonism
may affect the threshold for induction of dyskinesia but is not an absolute
requirement for the appearance of dyskinesia.

Sometimes dyskinesia can be induced by levodopa therapy in other move-
ment disorders. Barbeau noted that levodopa could augment the dyskine-
sias of dystonia musculum deformans, Huntington’s disease, Wilson’s disease,
and induce it in progressive supranuclear palsy [4]. Klawans found that lev-
odopa could induce chorea in people at risk for Huntington’s disease and
suggested levodopa challenge as a presymptomatic test for the disease [79].
Levodopa-induced dyskinesia and motor fluctuations occur in patients with
MPTP-induced parkinsonism [80], parkinsonism secondary to obstructive hy-
drocephalus [81] and spinocerebellar ataxias type 2 (SCA 2) and 3 (SCA 3)
presenting as parkinsonism [82, 83]. Patients with parkinsonism secondary
to parkin mutations have young-onset parkinsonism that is very responsive
to levodopa, which is commonly associated with dyskinesia [84]. Dyskinesias
as well as other features of motor fluctuations occasionally occur in patients
with multiple system atrophy, including oliovpontocerebellar atrophy [27] and
striatonigral degeneration [85], and less frequently in other parkinsonism-plus
disorders such as progressive supranuclear palsy [86] and corticobasal degen-
eration [87]. Dyskinesia with multiple system atrophy, if it occurs, tends to
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affect cranial musculature preferentially and is often predominantly dystonic.
Nevertheless, the vast majority of patients with the parkinsonism-plus syn-
dromes such as progressive supranuclear palsy, multiple system atrophy, or
corticobasal degeneration receives little therapeutic benefit from dopaminer-
gic agents and, similarly, rarely develops dyskinesia. Induction of dyskinesia
by levodopa is generally a reliable indication that the patient has idiopathic
parkinsonism and not a parkinsonism-plus syndrome. This conclusion is sim-
ilar to Cotzias’ conclusion that PD patients receiving the greatest benefit from
levodopa were the most likely to develop dyskinesia [3].

Severity of parkinsonism as a risk factor
Mones et al. noted a tendency for levodopa-induced dyskinesia to appear in pa-
tients more severely affected with parkinsonism [5]. Furthermore, Langston
and Ballard [80] found that dyskinesia appeared very early in the severely
parkinsonian individuals who developed the syndrome after taking MPTP.
Although the evidence from various clinical series is not overwhelming that
disease severity is a major risk factor for the development of dyskinesia, the
fact that it generally occurs first on the side most severely affected by parkin-
sonism argues for severity of disease as an important risk factor for the de-
velopment of dyskinesia [37]. In monkeys with MPTP-induced parkinsonism,
levodopa induces dyskinesia in monkeys with more severe depletion of stri-
atal dopamine [50], supporting the importance of disease severity. However,
nigrostriatal damage probably lowers the threshold but is not required for
levodopa-induced dyskinesia because dyskinesia can be induced in normal
monkeys [76, 77].

Levodopa responsiveness as a risk factor
Cotzias et al. noted that dyskinesia appeared in those patients who enjoyed
the most improvement in motor function with levodopa [1, 3]. This observa-
tion was verified by many subsequent investigators [5, 6]. Conversely, patients
who receive little therapeutic benefit from levodopa are at low risk to develop
dyskinesia, regardless of the severity of the parkinsonism. Many of these in-
dividuals do not have idiopathic Parkinson’s disease at autopsy.

Type of antiparkinson medication as a risk factor
Drug-induced dyskinesia in parkinsonism is almost exclusively found in pa-
tients treated with levodopa. Although nondopaminergic agents have been
occasionally reported to produce dyskinesia (see Chapter 12), this is decidedly
rare. The concomitant use of anticholinergics, antihistimics, or amantadine has
not been linked with increased risk to develop dyskinesia in patients treated
with levodopa.

The dopamine D-2 agonist, bromocriptine, infrequently induces dyskinesia
in patients who have never received levodopa [16, 88], although bromocrip-
tine will induce dyskinesia in patients in whom dyskinesia has previously
been induced by chronic levodopa therapy. The same is true in nonhuman
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primates with MPTP-induced parkinsonism. Bromocriptine will relieve the
parkinsonism but will not induce dyskinesia unless the monkey has been pre-
viously treated with levodopa [49]. The newer dopamine D-2/D-3 agonists,
pramipexole and ropinirole, have been studied in randomized clinical trials
for their ability to induce dyskinesia in never-treated PD subjects. The findings
are consistent with the clinical impression with bromocriptine; monotherapy
with dopamine D-2/D-3 agonists in de novo PD patients rarely induces dysk-
inesia [18, 19]. It should be noted, however, that the dopamine agonists were
less efficacious against parkinsonian disability in de novo patients than was
levodopa.

An important question about the dopamine D-2/D-3 agonists is whether
the decreased incidence of dyskinesias in de novo subjects continues when
levodopa is added to the agonist as is almost invariably necessary as the disease
progresses. Only one retrospective study has examined this question, finding
that ropinirole did not protect the patient from developing dyskinesia when
levodopa was added to ropinirole therapy [89].

Dopamine D-1 agonists have been difficult to develop and there is little ex-
perience with them in humans. The D-1 agonist, ABT-431, produced a similar
amount of dyskinesia and antiparkinsonian effect as did levodopa in an acute
study in subjects with established dyskinesia [90]. This was unexpected as D-1
agonists produced less dyskinesia in monkeys with MPTP-induced parkin-
sonism [91]. D-1 agonists have not been studied as initial therapy in de novo
subjects.

Cumulative dose as a risk factor
There is a general impression that emergence of dyskinesia in levodopa-treated
patients is related to the total daily dose or cumulative exposure [4, 60]. This
has been invoked as a reason to delay initiating levodopa and to keep levodopa
doses as low as possible [92]. Indeed, Poewe, Lees, and Stern [93] found that
patients treated for 6 years with the maximum tolerated dose of levodopa
had a prevalence of dyskinesia of 88% versus 54% in a group treated with
low-dose levodopa. However, the observation that dyskinesia can occur in a
significant portion of patients within the first months of therapy [4–6, 53] makes
the cumulative dose unlikely to be a major risk factor in the development of
dyskinesia. Similarly, the lack of correlation between early and late levodopa
initiation and prevalence of dyskinesia is evidence against a cumulative dose
as an important factor [94]. The size of individual doses may, however, be
important in the induction of dyskinesia as suggested by the ELLDOPA study
in which higher levodopa doses were associated with increased prevalence of
dyskinesia in the first 9 months of therapy [95].

Summary of risk factors
Young, more severely affected patients with idiopathic Parkinson’s disease,
who have a good therapeutic response to levodopa, are at high risk for develop-
ing dyskinesia. Patients with other neurological diseases or with parkinsonism
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Figure 13.1 Model of neuronal connections and their neurotransmitters of basal ganglia,
thalamus and motor cortex. CM/PF = nucleus centromedian and parafascicularis nuclei of
thalamus, GPe = globus pallidus externa, GPi = globus pallidus interna, SN = substantia nigra,
STN = subthalamic nucleus, VA and VL = nucleus ventral anterior and ventral lateral of thalamus.
Neurotransmitters are, DA = dopamine, ENK = enkephalin, GLU = glutamic acid,
SP = substance P, GABA = gamma amino-butyric acid. Pluses (excitation) and minuses
(inhibition) indicate strength of projections.

that is not responsive to levodopa are at low risk. Patients treated only with
dopamine agonists, anticholinergics, or amantadine rarely develop dyskinesia.

Pathophysiology

Model of basal ganglia function and dysfunction
Studies of the anatomical and neurotransmitter interconnections among
the basal ganglia, their alterations in various disease states, and physio-
logical studies in monkeys with MPTP-induced parkinsonism have pro-
duced a working hypothesis for the pathophysiology of parkinsonism and
involuntary movements [96–100]. The major pathways and their neuro-
transmitters are indicated in Figure 13.1. According to the model, the
loss of the dopaminergic input from the substantia nigra pars compacta
(SNc) and resultant parkinsonism is related to increased firing of the prin-
cipal output projections of the basal ganglia to the thalamus from the
globus pallidus interna (GPi) and the substantia nigra pars reticulata (SNr)
(Fig. 13.2). Involuntary movements such as chorea, dystonia, and ballism re-
sult from a decreased firing of GPi and SNr (Fig. 13.3). The rate of firing of
the GPi and SNr is controlled by the balance between a direct putaminal-
pallidal GABAergic pathway with substance P and dynorphin as cotransmit-
ters and an indirect GABAergic pathway with enkephalin as a cotransmitter
from putamen to the globus pallidus externa (GPe). GPe, in turn, projects
via another GABAergic pathway to the subthalamic nucleus (STN). The STN
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Figure 13.2 Model of basal ganglia function producing parkinsonism. Reduced dopaminergic
input to the putamen results in a predominance of excitatory input to GPi from subthalamic
nucleus. Abbreviations are the same as Figure 13.1.
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Figure 13.3 Model of basal ganglia function producing levodopa-induced dyskinesia in a
parkinsonian subject. Levodopa, converted to dopamine in the putamen, reverses the balance of
excitation and inhibition in the GPi by augmenting the direct inhibitory input while reducing the
indirect excitatory input. This reduces or abolishes the parkinsonism but concomitantly induces
dyskinesia. Abbreviations as in Figure 13.1.

has a glutamergic projection to the GPi and SNr. The loss of the dopamin-
ergic nigrostriatal pathway in parkinsonism increases the excitation medi-
ated by the indirect pathway from putamen to GPi via STN because of de-
creased inhibition of the putamen-GPe projection by dopamine D-2 receptors
and reduces the inhibition mediated by the direct pathway because of loss
of dopamine D-1 excitation on this projection (Fig. 13.2). In support of this
model, lesions or high-frequency stimulation of the STN reverse many of the
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signs of parkinsonism in monkeys with MPTP-induced parkinsonism [101,
102]. In hyperkinetic disorders, there appears to be a preponderance of the
direct pathway effects and reduced activity in the indirect pathway, which
in turn leads to reduced output from the GPi and SNr (Fig. 13.3). Dyskinesia
does not immediately appear with initiation of levodopa. Thus, levodopa treat-
ment may progressively shift the preponderance of input to the GPi from the
indirect pathway mediated through the STN to the direct pathway, clinically
manifest by increasing improvement of parkinsonism accompanied by dysk-
inesia [103]. In patients whose parkinsonism does not respond to levodopa,
striatal or pallidal pathology limits the ability of the drug to reduce activ-
ity in the indirect pathway, resulting in no clinical improvement but also no
dyskinesia.

Biochemical changes associated with levodopa-induced dyskinesia
The search for the critical biochemical alterations leading to dyskinesia is on-
going. Induction of immediate early genes, c-fos and their transcription factors,
has been described in the striata of 6-hydroxydopamine-treated rats develop-
ing abnormal movements during chronic levodopa treatment [104, 105]. Up-
regulation of preproenkephalin is also present in the striata of this rat model as
well as in the MPTP monkey model [106] and dyskinetic PD patients coming
to autopsy [107]. Prodynorphin is also reported to be upregulated in the rat
model [105]. These changes in the opioid precursor mRNAs are of interest as
they are markers for the direct and indirect pathways in the model of basal
ganglia circuitry [96]. There are also reductions in opioid receptor binding in
the striatum in dyskinetic rats suggesting compensation for the upregulation
of the opioid peptide precursors [108]. This finding has been extended to hu-
mans. A PET study found decreased striatal binding of 11C-diprenorphine, an
opioid receptor ligand, in patients with levodopa-induced dyskinesias as com-
pared to nondyskinetic PD subjects [109] Of course, the changes in opioid gene
expression are just a few of the many genes whose expression is altered in the
dopamine denervated striatum that is exposed to dopaminergic drugs [110].
This observation suggests that dyskinesia may be a consequence of multiple
changes within the basal ganglia circuitry; no single change will be sufficient
to account for dyskinesia.

Physiological changes associated with dyskinesia
Parkinsonism is associated with an increase in the firing rate of GPi neurons
in monkeys and in humans [100, 111]. Dopamine agonists, and presumably
levodopa, reduce the GPi neuronal firing rate, which may correlate with im-
provement of parkinsonism [103, 112, 113]. The onset of dyskinesia has been
associated with marked reduction in the firing rate and changes in firing pat-
terns and bursting in monkeys [103, 114] but more subtle changes have been
observed in humans [113]. Exactly what the abnormal firing patterns do to mo-
tor function is uncertain although it has recently been suggested that it may
lead to abnormalities in force production. As opposed to PD patients without
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dyskinesia, dyskinetic PD patients show marked increases in force on a sim-
ple motor task, grasping and lifting a light weight [115]. This overshoot in
force may have correlations in neuroimaging studies. SPECT measurements
of cerebral blood flow demonstrated that levodopa increased blood flow in
the supplementary motor cortex and the primary motor cortex bilaterally
in dyskinetic PD patients carrying out a unilateral motor task more than in
nondyskinetic PD patients. This observation is consistent with the idea that in
dyskinesia there is overactivation of the frontal cortical regions via the disin-
hibited pallidal-thalamo-cortical projections [116]. Another contributor to ab-
normal force generation may be abnormal activation of the cerebellum. Even
in nondyskinetic PD patients, there is evidence of cerebellar activation that
correlates with spatial errors in a reaching task [117].

Neural circuitry underlying dyskinesia
The understanding of the neural circuitry underlying dyskinesia has increased
in the past decade due to the wider use of stereotaxic surgery for the treat-
ment of advanced PD and to positron emission tomography (PET) studies.
The widely used model of the basal ganglia (Fig. 13.1), despite many criticisms,
remains the working model for the development of therapies for PD and dysk-
inesias [100, 118]. It is interesting to look at where in this model prodyskinetic
and antidyskinetic effects may be elicited. High-frequency electrical stimula-
tion of the dorsal GPi or, more likely, the adjacent ventral GPe, can produce
dyskinesia [119, 120]. Acute lesions in this region may also produce dyskine-
sia [121]. Similarly, stimulation of the subthalamic nucleus commonly induces
dyskinesia [122]. Ablative lesions of posterior ventral GPi or high-frequency
stimulation of the inferior portion of the posterior GPi has an antidyskinetic
effect [119, 120, 123].

A ventrolateral thalamotomy, in addition to its effects on tremor, will some-
times reduce or abolish contralateral levodopa-induced dyskinesia [5, 124].
This effect has been inconsistent and is not attributed to lesioning of the
Vim nucleus but to adjacent nuclei. Narabayashi and Ohye have suggested
that if the Vim lesion extends rostrally into the ventralis oralis nucleus,
which receives pallidal output, dyskinesia will be suppressed [124, 125]. This
dyskinesia-suppressing effect of anterior ventrolateral thalamic lesions was
also reported in MPTP-treated monkeys with levodopa-induced dyskinesia
[126]. Capparros-Lefebvre has suggested that placement of the Vim-targeted
electrode posteriorly, inferiorly, and medially into the vicinity of the centro-
median/parafasicular nuclear complex was responsible for the reduction in
dyskinesia seen with thalamic stimulation [127, 128]. There is insufficient ex-
perience with these thalamic targets to recommend them for clinical use. How-
ever, these observations of the effect of thalamic lesions on levodopa-induced
dyskinesia emphasize that we do not completely understand the circuitry un-
derlying dyskinesia and that there are probably more potential surgical targets
for treatment of dyskinesia.
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Pharmacological mechanisms
Dopaminergic denervation predisposes but is not required
Levodopa and the dopamine agonists very rarely induce dyskinesia in patients
who do not have parkinsonism. This suggests that dopaminergic denervation
is necessary for levodopa-induced dyskinesias. Studies in monkeys reinforce
this concept. Extremely large doses of levodopa can produce hyperactivity and
stereotyped movements in normal primates but requires doses that are often
associated with toxicity including death (Sassin 1972, Mones 1973, Paulson
1973, Ng 1973 [75]). These movements appear to be qualitatively different from
the choreiform and dystonic dyskinesia that occurs in monkeys with MPTP-
induced parkinsonism [75, 97]. However, it is now apparent that dopaminergic
denervation is not required; dyskinesia can be induced in normal monkeys [76,
77]. Thus, the extent of dopaminergic denervation may be just one factor that
determines the susceptibility to levodopa-induced dyskinesia [129].

The effect of dopaminergic denervation is to reduce the dopamine reuptake
capacity of the striatum and therefore swings in extracellular dopamine will
be larger [130, 131]. Microdialysis studies in rats demonstrate that levodopa
raises extracellular concentrations of dopamine in the dopaminergically den-
ervated striatum much more than in normal striatum [132]. PET studies using
displacement of raclopride binding as a measure of synaptic dopamine suggest
higher extracellular concentrations of dopamine in more severely affected PD
subjects, those most likely to have dyskinesia [133]. Thus dopaminergic den-
ervation will enhance the effects of levodopa by increasing the effective dose
administered.

Repeated dosing necessary
Dyskinesia does not appear with the initial administration of levodopa in pa-
tients or in monkeys with MPTP-induced parkinsonism. Repeated dosing is
necessary. Thus, dyskinesia is not simply explicable by dopaminergic stimu-
lation of a dopaminergically denervated, supersensitive striatum. Some alter-
ation of the drug response is induced by repeated dosing with levodopa; that
is, sensitization occurs.

Changes in dyskinesia dose-response curves to levodopa
One question is what changes during chronic therapy to allow the emergence of
levodopa-induced dyskinesia? Two pharmacological hypotheses are invoked.
The first is that the threshold for dyskinesia is lowered during levodopa ther-
apy, narrowing the therapeutic window between antiparkinsonian effects and
dyskinetic effects [46]. This is equivalent to a shift of the dose-response curve to
the left. However, pharmacokinetic-pharmacodynamic modeling of the dysk-
inesia response to levodopa has not demonstrated a reduction in the effective
concentration producing 50% of the response (EC50) as predicted by this model
of increased sensitivity or leftward shift of the dyskinesia dose-response curve
[134, 135].
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An alternative hypothesis is that the severity of dyskinesia (Emax) dose-
response curve increases from zero (no clinically apparent dyskinesia) without
a change in EC50. That model fit the development of dyskinesia in 18 PD sub-
jects followed for the first 4 years of levodopa therapy [51].

Dopamine receptor subtypes and dyskinesia
Dopamine D-2 agonists will only rarely induce dyskinesia in patients who have
not been previously or are not concurrently treated with levodopa [16, 18, 19].
This could be explained by the fact that dopamine D-2 agonists rarely produce
the antiparkinsonian effects that can be achieved with levodopa. However, in
the monkey with MPTP-induced parkinsonism, doses of bromocriptine that
produce as much improvement in the signs of parkinsonism as does levodopa,
still did not induce dyskinesia [49]. However, another D-2 agonist, PHNO,
can induce dyskinesia in monkeys with MPTP-induced parkinsonism who
had not been primed with levodopa [136]. Once dyskinesia has been induced
by levodopa, dopamine D-2 agonists can induce dyskinesia in humans but
the dyskinesia is generally mild and transient. In fact, if patients with severe
levodopa-induced dyskinesia can be switched from levodopa to dopamine
D-2 agonists, dyskinesia can be markedly reduced or stopped [137]. Dopamine
D-2 agonists induce dyskinesia in levodopa-primed parkinson monkeys [138].

The dopamine D-1 agonists can induce dyskinesia in the monkey with
MPTP-induced parkinsonism that has not received levodopa previously [139].
Dopamine D-1 agonists have not been used in drug-naı̈ve human PD patients
to assess their ability to induce dyskinesias. In patients with levodopa-induced
dyskinesias, dopamine D-1 agonists can induce dyskinesia that is similar in na-
ture and severity to that induced by levodopa [90]. In parkinson monkeys with
levodopa-induced dyskinesias, dopamine agonists D-1 appeared to produce
less dyskinesia than a comparable antiparkinson dose of levodopa [91].

There is evidence that dopamine D-3 receptor supersensitivity is responsible
for levodopa-induced dyskinesia; D-3 receptor binding increases in levodopa-
treated animal models of parkinsonism [140, 141]. Not all findings support
the importance of dopamine D-3 receptor in levodopa-induced dyskinesia.
Dopamine D-3 receptors were not increased in marmosets with levodopa-
induced dyskinesia as opposed to those without dyskinesia [142]. A putative
dopamine D-3 agonist produced similar antiparkinson effects and dyskine-
sia as did the dopamine D-1 and D-2 agonist, apomorphine, in levodopa-
primed parkinson monkeys [143]. There are no studies that have tested selec-
tive dopamine D-3 agonists in humans although the mixed dopamine D-2 and
D-3 agonists, pramipexole and ropinirole, do not appear to be qualitatively
different from dopamine D-2 agonists without D-3 activity.

Temporal pattern of drug administration and dyskinesia
The temporal pattern of drug administration is important in determining
whether animals will develop tolerance or sensitization to subsequent drug
administration. Continuous administration of dopaminergic agents tends to
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reduce the response to subsequent doses [144–148]. Intermittent administra-
tion, which may be closer to the clinical situation in humans, results in sen-
sitization [145, 148–150]. These findings suggest that the manner in which
levodopa is administered may be critical to the development of dyskinesia in
humans.

The evidence that dyskinesia is a result of sensitization and the appreciation
that sensitization in the dopaminergic system is related to pulsatile dopamin-
ergic stimulation suggests that reducing the peaks and valleys in dopaminergic
stimulation that is a necessary consequence of orally administered antiparkin-
son medications would reduce dyskinesia [151] or prevent its development
[152]. Attempts to blunt the high and low concentrations of levodopa with
controlled release carbidopa/levodopa and thereby prevent the development
of dyskinesia in de novo PD patients were unsuccessful in a large randomized
and blinded clinical trial [153]. The best evidence that continuous dopaminergic
stimulation might benefit levodopa-induced dyskinesia comes from studies of
continuous subcutaneous administration of the dopamine agonists, apomor-
phine or lisuride in PD patients with levodopa-induced dyskinesia. In these
unblinded studies, approximately 50% reduction of dyskinesia severity and
duration has been reported [154–156].

The emergence of off-phase or “runaway’’ dyskinesia in PD patients receiv-
ing fetal midbrain grafts [22, 23] could be construed as a blow against the
hypothesis that continuous dopaminergic stimulation is more physiological.
Although the grafts would be expected to release dopamine into the surround-
ing extracellular areas, there may be many other changes induced by the grafts
that promote the development of this complication of neural grafting. Un-
derstanding “runaway’’ dyskinesias will be important for the field of neural
transplantation and for understanding the pathogenesis of levodopa-induced
dyskinesia.

Dissociation of antiparkinson effects and dyskinesia
Once dyskinesia develops, can dyskinesia and antiparkinson effects be disso-
ciated? The relationship between the dose or plasma levels of levodopa that
produce dyskinesia and those that reduce parkinsonism are controversial.
There is some evidence that initially the threshold for inducing dyskinesia is
much higher than the threshold for inducing the improvement in parkinsonism
[3, 46, 47]. This would suggest that when dyskinesia appears, smaller doses of
the drug could be administered to produce the antiparkinsonian effects with-
out eliciting dyskinesia. In practice, this therapeutic window is elusive, if it
exists at all.

Other investigators have felt that once dyskinesia appears, it is generally
present when the antiparkinsonian effect is apparent [29, 30, 45]. This implies
that there is no therapeutic window and full therapeutic efficacy of levodopa
will be accompanied by dyskinesia in those patients in whom dyskinesia has
developed. This formulation suggests that reducing the dose of levodopa will
not separate the antiparkinsonian effects and dyskinetic effects of the drug.
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The paragraphs above address the dissociation of the short-duration an-
tiparkinson response and the attendant dyskinesia. The long-duration re-
sponse is rarely associated with dyskinesia and could be viewed as a dis-
sociation between the beneficial effects of levodopa and dyskinesia [157].

It has proven very difficult to separate “on” dyskinesia and antiparkinson
effects of levodopa by addition of other therapies; most strategies that re-
duce dyskinesia also reduce the antiparkinson response [25, 157]. There are
some apparent exceptions. Amantadine, reduces dyskinesia without worsen-
ing parkinsonism [159, 160]. This effect can also be seen in monkeys although
amantadine also reduces the antiparkinson effect under some conditions in
monkeys [161].

Pallidotomy almost always reduces or abolishes dyskinesia contralateral
to the lesion and may concomitantly improve parkinsonism [123, 162, 163].
However, it is now recognized that the antidyskinesia and antibradykinesia
effects are elicited from different areas within the globus pallidus interna [119,
120]. Thus the combination of improving dyskinesia and parkinsonism with
pallidotomy or pallidal stimulation probably represents lesions or stimulation
that affect distinct areas within the GPi that have different effects, prodyskinesia
and antidyskinesia as well as antibradykinesia and probradykinesia.

Other neurotransmitters and dyskinesia
A variety of neurotransmitters other than dopamine have been implicated in
dyskinesia by studies in animals, suggesting a number of drugs that might
suppress levodopa-induced dyskinesias. The challenge is to find an antidyski-
netic therapy without impairing antiparkinsonian efficacy of other medications
or worsening the cardinal symptoms of parkinsonism. Five neurotransmitter
systems have been studied.
1. Drugs acting on glutamate receptors: The increased synaptic efficacy of
NMDA receptors expressed on basal ganglia neurons may play a role in the
pathophysiology of levodopa-induced dyskinesias [164]. Protein phosphory-
lation serves as a major regulatory mechanism for NMDA receptors and an
increased phosphorylation state of the NMDA receptor is related to enhanced
synaptic efficacy [165]. As a result, the corticostriatal glutamatergic input is
amplified, leading to altered striatal GABAergic output, which in turn might
give rise to the expression of dyskinesia.

Both NMDA and AMPA receptor antagonists have been reported to re-
duce levodopa-induced dyskinesia in monkeys [166–168]. In humans, the puta-
tive NMDA antagonist, amantadine, has antidyskinetic actions in PD patients
without significantly altering the antiparkinsonian action of levodopa [159].
Dextromethorphan, another NMDA antagonist, modestly suppressed dyski-
nesia in a subset of PD subjects [169]. A third NMDA antagonist, remacemide,
had no effect on dyskinesia in a small multicenter randomized trial [170] nor
did memantine, an analog of amantadine that is also a NMDA antagonist [171].
2. Drugs acting on serotonergic systems: The serotonergic system may modify
dopamine transmission. Serotonin 5HT-1A receptors are postulated to modify
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dopamine and serotonin release from serotonin terminals and have been sug-
gested as a pharmacological target for ameliorating levodopa-induced dyski-
nesia [172]. Sarizotan, a 5HT1A agonist, reduced levodopa-induced dyskine-
sias in both 6-hydroxydopamine lesioned rats and MPTP-lesioned primates
[172]. Clinical trials are underway with sarizotan although the results will
be clouded by the fact that this drug also has weak dopamine D-2 receptor
antagonist properties. Buspirone, another 5HT1A agonist, has similarly been
demonstrated to reduce levodopa-induced dyskinesia in a small crossover trial
[173]. Fluoxetine, a selective serotonin reuptake inhibitor, decreased dyskine-
sia triggered by an acute apomorphine challenge in an open pilot study [174].
3. Drugs acting on noradrenergic systems: Drugs that block alpha-2 nora-
drenergic receptors in the brain have demonstrated antidyskinetic proper-
ties. The mechanism has been speculated to be an increase in noradrener-
gic transmission secondary to blockade of alpha-2 presynaptic autoreceptors;
or alternatively reduction of alpha-2 postsynaptic effects. Yohimbine, an
alpha-2 antagonist, reduces LIDs without affecting levodopa’s antiparkinso-
nian response [175]. Idazoxan, another alpha-2 antagonist, reduced levodopa-
induced dyskinesia in MTPT monkeys [176]. In a placebo-controlled study in
18 PD subjects with levodopa-induced dyskinesias, idazoxan reduced dyskine-
sia to test doses of levodopa. This effect was not dose related and did not reach
significance [177].
4. Drugs acting on opiate systems: The upregulation of opioid peptide precur-
sors by levodopa treatment and downregulation of opioid binding in animal
models of parkinsonism and humans with PD and dyskinesia suggests a role
for the endogenous opioids in the development of dyskinesia and makes the
opioid systems a natural pharmacological target. Naloxone, an opioid antag-
onist, reduces levodopa-induced dyskinesias in MPTP-primed primates [178,
179]. A 1-month treatment with the opiate antagonist, naltrexone, was inef-
fective in eight dyskinetic PD subjects [180]. There is always the concern that
naloxone or naltrexone may not have the ideal opiate receptor subtype affini-
ties to produce an antidyskinetic effect.
5. Drugs acting on GABA systems: A number of pathways within the basal
ganglia use GABA as a neurotransmitter (see Fig. 13.1) with the result that
GABAergic agents may have relatively nonspecific or nonselective proper-
ties. However, the GABAergic neurons can be divided into subpopulations
identified by their cotransmitters. For example, GABAergic neurons project-
ing from the putamen directly to the GPi, the direct pathway, have substance
P and dynorphin as a cotransmitters; the GABAergic neurons projecting from
the putamen to the GPe have enkephalin as a cotransmitter. Pharmacolog-
ical methods of selectively influencing these subpopulations of GABAergic
neurons by taking advantage of the cotransmitter specificity and the receptor
profiles may prove useful in manipulating basal ganglia function.

The adenosine A2a receptor is highly localized to cell bodies of striatal-GPe
indirect pathway and to striatal cholinergic interneurons [181]. These recep-
tors may thus influence GABA release in the indirect pathway directly and



Dyskinesia induced by levodopa and dopamine agonists 335

indirectly. In MPTP-treated marmosets, the A2a antagonist KW-6002 reversed
parkinsonism [182]. Furthermore, KW-6002 improved parkinsonism without
evoking dyskinesia in marmosets that exhibited dyskinesia with levodopa dos-
ing [182]. These effects are postulated to result from reducing the overactivity
of the indirect pathway.

Stimulation of cannabinoid receptors in the globus pallidus reduces GABA
reuptake and enhances GABA transmission and may thereby reduce dyski-
nesia [183]. MPTP marmosets that were coadministered nabilone, a cannabi-
noid receptor agonist, and levodopa had significantly less dyskinesia than
marmosets administered levodopa alone, with no reduction in antiparkin-
sonian action of levodopa [184]. Single doses of nabilone significantly re-
duced levodopa-induced dyskinesia in a randomized double-blind, placebo-
controlled crossover trial [185]. This result needs confirmation in a subacute
study as relaxation could produce this effect as well.

These results demonstrate that a large number of drugs have been reported
to reduce dyskinesia. Many of these studies have been in MPTP primates and
await trials in humans. Others have been used in pilot trials in humans, often
as acute doses and in small numbers of subjects. Most have not been subjected
to randomized clinical trials.

Treatment

Determining pattern of dyskinesia
To treat dyskinesia, one obviously needs to know what pattern of dyskine-
sia the patient experiences. The patient’s history and diaries are the primary
way to obtain this information. However, the pattern of dyskinesia is often very
difficult to obtain from the patient because the patient has difficulty in differen-
tiating tremor, “off’’ dystonia, “on’’ dystonia, and choreoathetosis. In addition,
patients with dyskinesia generally have fluctuations in motor response to fur-
ther complicate the patient’s interpretation of their motor state. It is important
to understand the fluctuations in control of parkinsonism symptoms (wear-
ing off, on-off) as well because any changes in the medical regimen will affect
this as well as the dyskinesia. If the history or diaries are not perfectly clear,
and the physician has not observed the dyskinesia described by the patient,
it is worthwhile having the patient stay in the clinic through one or two dose
cycles so that the various forms of dyskinesia as well as the fluctuation in the
parkinsonism can be observed. Having the family video the patient during the
dose cycle to document the phenomenon described by the patient but not seen
in the clinic is another useful tactic. Be aware that the dyskinesia described by
the patient may actually be nonmotor manifestations of fluctuations.

Monitoring the plasma levels of levodopa while monitoring motor signs
may help delineate the relationship between plasma levels of drug and clinical
responses [186]. However, it is important to recall that clinical response and
plasma levels do not directly correlate [29]; striatal dopamine concentrations,
and not plasma dopa, are the important parameter. The relationships among
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plasma levodopa levels and levodopa-induced rise in dopamine concentration
in the vicinity of the striatal dopamine receptors and clinical response remain
unclear. For plasma levodopa levels to be of assistance in managing a patient,
plasma levels and clinical ratings at 30- to 60-minute intervals through one
or more dose cycles are necessary. If the oral test dose of levodopa is taken
in the morning on an empty stomach and when the patient is off, the relation
between plasma levels and clinical response can generally be inferred without
actually measuring plasma levodopa.

Peak dose (“on”) dyskinesia
The first step in managing “on’’dyskinesia is to examine the patient’s drug reg-
imen and determine if there are drugs that may enhance dyskinesia without
adding much to the antiparkinson effects of the regimen. Selegiline promotes
dyskinesia although it has weak symptomatic effects [187] and therefore stop-
ping selegiline is sometimes sufficient to reduce dyskinesia. Although anti-
cholinergics rarely can induce dyskinesia [188, 189], reducing anticholinergics
rarely alters dyskinesia although there may be other good reasons to eliminate
anticholinergics from the drug regimen.

The next step is to examine the adjunct agents and controlled release prepa-
rations. Catechol-O-methyltransferase inhibitors enhance the antiparkinson
actions and dyskinesia in levodopa-treated patients [190]. Whether the en-
hanced dyskinesia is out of proportion to the antiparkinson effects has not been
determined. However, reduction of COMT inhibitors should be considered.
Controlled release preparations may also be associated with more dyskine-
sia, particularly late in the day and their use should also be assessed in the
dyskinetic patient.

Orally administered dopamine D-2 agonists also enhance the dyskinetic
effects of levodopa, and simply adding them to levodopa will increase dysk-
inesia [190]. In patients receiving both dopamine agonists and levodopa, the
dyskinesia tends to occur in relation to the levodopa administration and not
the dopamine agonist administration. If the levodopa dose can be significantly
decreased by the addition of dopamine agonists, dyskinesia can be markedly
reduced [137]. The difficulty of this strategy is that the dopamine agonists are
less effective antiparkinsonian agents than levodopa and it is rarely possible
to switch patients entirely over to oral dopamine agonists. The exception is
subcutaneously administered agonists, which may largely or completely sub-
stitute for levodopa [154, 156]. Whether it is this reduction in the levodopa
dose or the continuous dopaminergic stimulation that is responsible for the
improvement in dyskinesia is not known.

The third step is to examine levodopa dosing. The most common strategy
to try to reduce levodopa-induced dyskinesia is to give smaller doses of lev-
odopa more frequently, trying to keep the levodopa plasma levels within the
controversial therapeutic window. This change will, at a minimum, shorten
the duration of dyskinesia with each dose of medication, which in itself may
make the dyskinesia more acceptable to the patient. However, concomitantly,
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the duration of the antiparkinsonian effect of the drug is also shortened
and the response to each dose of the drug may become more unpredictable
because the plasma drug concentrations produced by the smaller doses are
closer to the minimum effective concentration [191]. Nevertheless, this strat-
egy is worth trying, particularly in patients who are taking very large doses of
levodopa (greater than 1500 mg/day) although it benefits only a minority of
patients. The reduction should be gradual to avoid suddenly worsening the
parkinsonism and losing the patients’ cooperation with this strategy.

A final pharmacological step is to consider adding a drug to reduce dyski-
nesia. The only agent available at this time is amantadine, thought to suppress
dyskinesia through its action at the NMDA receptor [159]. Withdrawal of lev-
odopa for days to a couple of weeks to “resensitize’’ patients to levodopa, a
so-called “drug holiday’’ [192] has fallen out of favor because of the uncertainty
of its value and its recognized physical and psychological risks [193].

The most important advance in the treatment of various forms of dyskinesia
has been stereotaxic surgery of the basal ganglia. If pharmacological control of
the dyskinesias and parkinsonism is not possible, surgical options should be
considered. Pallidotomy, ablation of the posterior ventral GPi, is very effective
against contralateral dyskinesia and somewhat reduces ipsilateral dyskinesia
as well [123, 162, 163]. The problem is that bilateral pallidotomies often cause
difficulties with speech, swallowing, and balance so that bilateral procedures
are rarely recommended. Nevertheless, unilateral pallidotomy can be a very
effective procedure in selected patients. Even if the dyskinesia is bilateral,
abolishing it unilaterally will markedly improve a patient’s function.

Deep brain stimulation (DBS) of the GPi is also an effective treatment of
dyskinesia [194–197] but rarely as efficacious as pallidotomy. However, DBS
can be done bilaterally and tends to be a more effective antiparkinson treatment
than pallidotomy. Although less well documented, DBS of the GPi can reduce
“off’’ dystonia as well.

Subthalamic nucleus (STN) stimulation is more complicated. STN stimula-
tion can induce dyskinesia or exacerbate levodopa-induced dyskinesia [122].
However, STN DBS often allows reduction of the levodopa dose and this ef-
fect may reduce “on’’ dyskinesia [195, 197, 198]. Moreover, STN DBS is also
effective against biphasic dyskinesia and “off’’ dystonia [199]. Deep brain stim-
ulation at either site is a more “reversible’’ procedure, in that the implanted
electrodes may be removed or stimulators may be turned off at any point in the
future. Pallidotomy involves making a larger lesion that is irreversible. This
consideration becomes particularly relevant as newer therapies for advanced
Parkinson’s disease become available.

Diphasic dyskinesia
Diphasic dyskinesia, dyskinesia that occurs at the beginning and the end of
each dose cycle, is generally most prominent as the effects of a dose wear off. A
mild diphasic pattern is seen in many patients although clinicians often use the
term only for patients with a marked diphasic pattern. Utilizing larger doses
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of levodopa or scheduling the doses closer together can prevent the inter-dose
exacerbation of dyskinesia until the end of the day when the patient stops or
reduces levodopa intake [9]. Although this strategy clearly works in the short
run, most investigators have found that it is ineffective over the long haul
because of increasing peak dose dyskinesia, repeated dosage adjustments, or
other toxicity [28, 32]. Furthermore, there is the impression that if the patients
are kept “on’’ and free of the diphasic swings throughout the day, the dyskine-
sia may be even more severe as they “come down’’ at the end of the day than
if it occurred with each dose throughout the day. Dopamine agonists may be
of some benefit in reducing the severity of the diphasic dyskinesia but rarely
completely control it [32]. Surprisingly, continuous infusions of levodopa will
not control diphasic dyskinesia that continues to reappear despite progres-
sive increases in the infusion rate [200]. The same pattern of breakthrough of
the dyskinesia is described with subcutaneous apomorphine [201, 202]. If this
pattern of dyskinesia is disabling, surgery is the best method of treating it.

“Off” dystonia
“Off’’ dystonia is more prominent in the morning when the patient has been
without medication overnight, and it is the reason that “off’’ dystonia was ini-
tially described as “early morning dystonia’’ [10]. It frequently is precipitated
by the patient trying to get out of bed and walk to the bathroom. Pharmacologi-
cally, it behaves as though it is due to some intermediary level of dopaminergic
stimulation and either increasing dopaminergic stimulation with dopaminer-
gic agents or decreasing it with dopamine receptor antagonists will improve
“off’’ dystonia [25, 35]. The rate at which levodopa levels decline is not im-
portant to production of “off’’ dystonia, suggesting that it is the intermediate
concentration that is critical [203].

Timing of the first dose of the day of levodopa may prevent or reduce painful
“off’’dystonia. Some patients find that if they have the medicine at the bedside,
take it upon awakening, and wait for 15 to 30 minutes before getting out of
bed, they may avoid the dystonia. A dose of drug taken during the night
or controlled release preparations of carbidopa/levodopa taken at bedtime,
which provide more sustained plasma levels of levodopa, will also reduce “off’’
dystonia. Dopamine agonists are also frequently efficacious in reducing “off’’
dystonia both in the morning and throughout the day if it is occurring at other
times when levodopa levels are low. Other treatments that have been claimed
to be of benefit include lithium and baclofen. Botulinum toxin injections into
dystonic muscles may sometimes prove effective in persistent “off’’ dystonia.
Finally, pallidotomy and DBS may effectively reduce “off’’ dystonia.

Future trends

Manipulation of other pathways within the basal ganglia
The models of normal and disordered basal ganglia function (Figs. 13.1–13.3)
suggest that manipulation of other neurotransmitter systems and pathways
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within the basal ganglia may compensate for the loss of the dopaminergic
nigrostriatal tract activity. Thus one can imagine that it may be possible to cor-
rect the parkinsonism without inducing dyskinesia or to suppress dyskinesia
without reducing the antiparkinsonian actions of therapy [204].

The possibility of finding neurotransmitter systems susceptible to pharma-
cological modification or pathways that may be influenced by stereotaxic ab-
lation or stimulation has been discussed. Manipulation of selected subpopu-
lations of neurons in the basal ganglia using various neurotrophic factors may
also provide therapeutic benefit [205].

It should be noted that there are other reentrant loops within the basal gan-
glia and thalamus, such as through the pedunculopontine nucleus or through
the centromedian/parafasicular nucleus of the thalamus, for which no func-
tion is recognized but which conceivably may be as important as the substantia
nigra compacta or the subthalamic nucleus in modulating basal ganglia func-
tion. These loops may be targets for pharmacological or surgical manipulation.
Exploration of the basal ganglia and some of the more mysterious associated
structures, such as the zona incerta, with electrical stimulation in the MPTP-
treated monkey model of parkinsonism and humans with implanted DBS elec-
trodes is likely to discover other targets.

Preventing induction of dyskinesia
The fact that dyskinesia does not occur with the first doses of levodopa but is
induced by chronic treatment with levodopa suggests that it may be possible to
avoid the development of dyskinesia. This presumably would be accomplished
by preventing the sensitization to levodopa that is thought to underlie the de-
velopment of dyskinesia. Although the antiparkinsonian actions of levodopa
may be evident with the first dose of levodopa, often the antiparkinsonian
effects of levodopa are mild at the initiation of therapy and increase with con-
tinued therapy, suggesting that the antiparkinsonian effect of levodopa may be
augmented by sensitization as well [51]. Thus sensitization may have benefits
as well as drawbacks during long-term levodopa therapy.

Determining how repeated exposure to dopaminergic agents gradually aug-
ments the antiparkinson and dyskinetic response to each dose of medication
will be an important area of investigation. It seems likely that the changes
will be throughout the basal ganglia circuitry and not be a single molecular
mechanism. These changes will be in the transduction of dopamine recep-
tor occupancy into changes in postsynaptic neuronal function and changes in
multineuronal functional loops in basal ganglia and frontal cortex. The clinical
observations that dyskinesias can result from lesions that are “down stream’’
from the dopaminergic system such as in Huntington’s disease, basal ganglia
strokes or subthalamic stimulation are evidence for this network concept un-
derlying dyskinesia.

There is growing evidence that sensitization may be very dependent
upon the degree of dopaminergic denervation of the striatum, the profile
of dopamine receptor subtype activation produced by the drug, and the
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interdose intervals [164]. Defining the contribution of these variables to in-
duction of dyskinesia may have a very important impact on the manner in
which dopaminergic drugs are used in patients. Clinically, studies are under-
way to see if more continuous dopaminergic stimulation via controlled release
preparations, and stimulation of different combinations of dopamine receptor
subtypes by various agonists will alter the induction of dyskinesia [152, 206].

Dyskinesia is associated with the short-duration response to levodopa –
the rapid rise and fall of plasma and brain levels of levodopa or dopamine
agonists that produces an improvement of parkinsonism for minutes to hours.
However, the clinical benefit from the long-duration response to levodopa that
builds up over days to weeks, may be as large as the short-duration response
and is not associated with dyskinesia. Understanding this response may offer
ways to improve parkinsonism without dyskinesia [207, 208].

There is one other manner in which the problem of dyskinesia may be
averted; prevent parkinsonism altogether. If the intense research push for neu-
roprotective therapies is successful, dyskinesia may disappear before we fully
understand the problem. In the meantime, we have increasing numbers of
strategies to explore to ameliorate dyskinesia.
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CHAPTER 14

Movement disorders and
dopaminomimetic stimulant drugs

Anthony E. Munson, Juan Sanchez-Ramos, and William J. Weiner

Introduction

This chapter will focus on movement disorders induced by stimulant drugs
that affect dopaminergic activity within the central nervous system. The four
agents reviewed are amphetamine, methylphenidate, pemoline, and cocaine.
We will focus the discussion on the pharmacologic activities of these drugs,
and that will be followed by a review of reports regarding both the ability
of these drugs to induce movement disorders in the “normal’’ individual as
well as in patients with a variety of preexisting disorders such as Parkinson’s
disease, choreiform disorders, tic disorders, and dystonia.

Cocaine had been used for centuries by the inhabitants of the highlands of
Peru primarily to induce a sense of well-being. In the late 19th century, the med-
ical profession recognized that cocaine had local anesthetic properties. Freud
was particularly impressed by its CNS actions, and his overenthusiasm for the
drug has been widely publicized. In the late 1970s, recreational cocaine use
began to rise dramatically, and the introduction of the alkalose form (“crack’’
cocaine) in 1983, brought even more awareness of the neurologic effects of the
drug. In 1997, it was estimated that thirty million Americans had used cocaine
at least once, and five million of these people were using cocaine on a daily
basis.

Cocaine is a potent psychostimulant and can induce a sense of increased
wakefulness and alertness, a decreased sense of fatigue, elevation of mood, in-
creased initiative, confidence and concentration, elation, and euphoria. These
effects are mediated in the central nervous system by several mechanisms, in-
cluding the competitive blockade of dopamine uptake at dopaminergic nerve
terminals. This results in a hyperdopaminergic state. This effect seems to occur,
in particular, in cells that originate in the ventral tegmentum and project to the
nucleus accumbens, ventral pallidum, and the frontal cortex. This affects the
dopaminergic mesocortical, mesolimbic, and mesostriatal pathways. Other ac-
tions of cocaine include local anesthesia and sympathomimetic effects, most
apparent as potent vasoconstriction (including intracranial vasculature).

Amphetamine was first synthesized in 1887 but, it was not until the 1930s
that it was introduced into clinical practice as a nasal decongestant inhaler and
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as an appetite suppressant. Reports of self-stimulation and abuse began in the
same decade. The therapeutic effects of amphetamine were noted to include
elevated mood, a sense of alertness, reduced fatigue, and decreased appetite.
Additional consequences of its use include agitation, dysphoria, and in higher
doses, paranoia, delusions, hallucinations, and seizures.

The CNS stimulant effects of amphetamine are primarily related to release of
biogenic amines from storage sites in nerve terminals. Amphetamine affects the
dopaminergic system by releasing newly synthesized cytoplasmic dopamine,
inhibiting dopamine reuptake, and at high doses, inhibiting monoamine oxi-
dase (MAO). Amphetamine’s ability to induce repetitive behaviors is thought
to be related to the release of newly synthesized dopamine from storage sites
in the striatum. The drug also acts by increasing the release of norepinephrine
at nerve terminals as well as altering the serotonergic and endogenous opiate
systems.

Another closely related compound, 3,4-methylenedioxymetamphetamine
(MDMA), has received considerable attention because of increased street use
(“Ecstacy’’). This drug has CNS stimulant effects similar to amphetamine but
has a higher predilection for causing hallucinations. It is thought that this dif-
ference is due to the greater impact on the serotonergic system by MDMA in
comparison to amphetamine.

Methylphenidate is a piperidine derivative that is structurally related to
amphetamine. It is recognized as a mild CNS stimulant with more prominent
effects on mental rather that motor activities. As with amphetamine, these
actions are mediated by the release of dopamine from storage vesicles. Ex-
perimental evidence indicates that, unlike amphetamine, its dopamine effect
is blocked by reserpine but not by alphamethylparatyrosine. This suggests
that methylphenidate does not release dopamine from the newly synthesized
dopamine pool. Methylphenidate is widely used in the United States for treat-
ment of attention deficit hyperactivity disorder (ADHD).

Pemoline is another medication used in the treatment of ADHD. It is a central
CNS stimulant whose effect is also related to the release of dopamine from
storage vesicles. The use of pemoline for ADHD has dropped dramatically
over the past decade due to concern over hepatic toxicity, and it is no longer
considered a first-line agent for this condition.

Amphetamine-induced movement disorders

Amphetamine, as is the case with many drugs of abuse, enjoyed a period where
it was prescribed and championed by the medical establishment as a treatment
for a wide variety of ailments. It was, at that time, considered safe and effective.
It was not until the 1960s that information on patterns of abuse surfaced in the
medical literature [1]. Since then, there have been many reports of motor-
related symptoms during both drug use and abuse. Amphetamine has a wide
range of actions on the central nervous system, and in people who abuse it, a
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variety of syndromes have been reported. The effects of amphetamine on both
the intact and diseased motor system will be discussed.

Stereotyped behavior
Single high doses or repeated low doses of amphetamine administered to
various animals produce a motor phenomenon called amphetamine-induced
stereotyped behavior. The stereotyped behavior produced is species specific;
for example, a chewing, gnawing behavior occurs in guinea pigs, strange
head movements occur in cats, and repetitive pecking is seen in pigeons. Am-
phetamine induces this stereotyped behavior through dopaminergic mecha-
nisms in the basal ganglia. In humans, the response to amphetamine with re-
gard to the induction of stereotyped behavior is much more varied. In fact,
in an extensive review of the effects of amphetamine in humans, no defi-
nite mention is made of this phenomenon when the result of a single stan-
dard dose of amphetamine is considered. However, this review suggests that
doses exceeding an individual’s tolerance do produce intoxication syndromes
that may be accompanied by stereotyped behavior [2]. Whether this is really
an intoxication effect or a dose-response relationship is unclear and perhaps
semantic.

Stereotyped behavior is considered to be present in animals when certain
behavioral repertoires are repeated over and over again without any obvious
goal or reinforcement. In more extreme instances, a single behavior or activity
is performed continuously and dominates the animal’s behavior. In guinea pigs
with fully developed amphetamine-induced stereotyped behavior, the animals
will chew repeatedly at the bars or grid of the cage without moving, and
often even loud noises will not interrupt this activity. This type of stereotyped
behavior occurs in unlesioned intact animals receiving high doses.

It has been shown in several studies that amphetamine-like stimulants
increase extracellular dopamine in the nucleus accumbens and caudate-
putamen, and evidence suggests that these changes are important for the
stereotypy produced by these drugs [3]. In one study, it was found that the
acute phase of the amphetamine response appeared to be associated with an
upregulation of both D1 and D2 dopamine receptors in mice [3]. Another study
demonstrated increased D1 receptor concentrations in the nucleus accumbens
of methamphetamine users [4].

In human beings who are intravenous amphetamine abusers, certain ab-
normalities resembling stereotyped behaviors have been noted. These behav-
iors have been described extensively and include compulsive shoe shining,
nail polishing to the point of producing finger ulcerations, repetitive sorting
of objects in a handbag, manipulation of the interiors of a watch, days and
nights spent rebuilding a car with unrelated parts, and hours spent trying to
disassemble and repair items that are in perfect working order. Additional
descriptions of this behavior include cleaning drawers and rooms, washing
dishes, perpetual hair dressing, distinctive and repetitive walking patterns,
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and sitting in a tub and bathing all day long [5]. This behavior has been called
“punding.’’ Attempts to disrupt this stereotyped behavior often elicit anxiety,
and despite its inane quality, amphetamine users often describe the behavior
as pleasurable. Punding is usually not recognized by abusers as a sign worth
mentioning, and a history of its occurrence has to be specifically sought. Some
have suggested that these disorganized and perseverative behaviors are exag-
gerations of individual personality characteristics. However, in almost every
patient who develops punding, paranoid symptoms occur sooner or later. In-
dividuals exhibiting this behavior have also been described as withdrawn,
giving the impression of absentmindedness. It has also been noted that the
punding act appears consistent and the same for each amphetamine addict. In
fact, witnessed observations of addict “punding’’ have also included descrip-
tions of questionable psychotic behavior at the time, such as visual and tactile
hallucinations and paranoid delusions [5, 6]. Fernandez et al. [7] described
punding in three patients on levodopa therapy for Parkinson’s disease, sup-
porting the belief that this is a dopaminergic phenomenon. Similar behaviors
have been described in children treated with either racemic amphetamine or
d-amphetamine for various behavioral disorders. One report describes unde-
sirable side effects of these drugs to include “accentuation of tic-like motor
activities such as nail biting, hair pulling, nose picking, and the like ” [8].

This stereotyped behavior was noted in earlier reports as well. Tatetsu et al.
[9] described two patients admitted for amphetamine psychosis who, shortly
after admission, were noted to make “incomprehensible, odd, and very un-
natural movements.’’ The movements were further described in terms almost
identical to later reports of stereotyped behavior, with a repetitious, energetic
quality. These abnormal movements were exaggerated by IV methylphenidate.

There is not much evidence available on the development of stereotyped
behavior in human beings in the absence of preexisting factors such as psy-
chosis. Despite this, there is also no evidence that preexisting disease need
be present for stereotyped behaviors to arise in the setting of amphetamine
abuse. Given the animal data available on stereotyped behavior induced by
high- dose amphetamine, it appears likely that amphetamine alone is sufficient
to induce these behaviors in human subjects.

Dyskinesias
Amphetamine administration is also associated with the induction of various
dyskinesias, particularly chorea (Table 14.1). There may be individuals who
are “predisposed’’ to this phenomenon because they develop dyskinesias after
a single dose. These individuals may have preexisting damage to the basal gan-
glia (e.g., birth injury, viral infection, anoxia associated with anesthesia), which
is not severe enough to produce clinical signs but which alters the response of
the caudate and putamen to stimulants capable of affecting the dopaminergic
system. In addition, chronic high-dose amphetamine use alone can cause
dyskinesias (Table 14.1). These subjects presumably were “normal’’ (i.e., no
prior neurological findings or history) prior to the use of stimulants and did not



Table 14.1 Amphetamine and dyskinesias

Previous Previous
neurological abnormal Psychosis

References Age Sex history movements associated Type of movement Pattern of use Outcome

49 21 Female 0 0 Yes Choreoathetoid Chronic intermittent Resolved in 24 hours
49 25 Female 0 0 No Choreoathetoid Intermittent, needle

tracks seen
Resolved in 6 hours

49 30 Male 0 0 No Rolling of arms, tongue
protrusions, writhing
of body

Chronic long term Resolved in 3 hours

50 27 Male 0 0 No Chorea – face and
extremities

High dose IV Persistent abnormal
movements despite
abstinence

50 20 Male 0 0 No Chorea – head and
neck, ballismus –
arms

High dose IV, chronic Resolved

50 30 Male 0 0 No Chorea – generalized High dose IV, chronic Resolved
50 35 Male 0 0 No, but stereotyped

behavior present
Chorea – generalized Chronic oral Movements decreased

but not resolved
51 8 Male Organic brain

syndrome, mixed
seizures,
hyperactivity

0 No Choreoathetoid –
mouth, tongue, and
extremities

Oral 15 mg b.i.d. for
8 weeks

Resolved

53 8 Male Learning disability,
hyperkinetic

Mild choreoathetoid No Increased
choreoathetoid

Oral 5 mg b.i.d. for
3 months

Resolved in 12 hours

53 3 Female Seizure disorder,
mental retardation

0 No Choreoathetoid –
generalized

Oral 2.5 mg b.i.d for
1 week

Resolved in 12 hours

53 5 Male Temper tantrums,
short attention
span, hyperactivity

0 No Grimacing, dyskinetic
movements

Oral 1 dose 5 mg Resolved in 8 hours

53 51 Female Narcolepsy 0 No Spasmodic torticollis Oral 20 mg per day
for years

Resolved when
medication
discontinued

3
5

5
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respond acutely with the development of a movement disorder. However,
the chronic use of stimulants (particularly amphetamine) resulted in choreoa-
thetoid movements. This raises the possibility that chronic amphetamine ad-
ministration may alter subsequent dopaminergic behavioral response (e.g., as
in amphetamine-induced stereotyped behavior in animals) and eventually re-
sult in chorea. In fact, chronic use of high doses of amphetamine has been
reported to produce a long-lasting depletion of dopamine in the caudate nu-
cleus [10]. Given the extensive use of amphetamine at various times in the
population and the rarity of case reports of amphetamine-induced chorea,
this probably is an infrequent occurrence.

Amphetamine, cocaine, methylphenidate, and pemoline
in patients with a history of movement disorders

Parkinson’s disease
The symptoms of Parkinson’s disease are known to be the result of dopamine
depletion in the basal ganglia. Since amphetamine has dopaminergic activity,
there has been substantial investigation to determine if amphetamine would
be of use in treating this disease.

In the late 1930s, there were several reports that suggested that benzedrine,
20 to 60 mg per day, alone and in combination with atropine, provided sig-
nificant improvement in the condition of Parkinson’s disease patients. Most
of these reports suggested that the positive changes were in the “subjective’’
sphere. Patients described increased energy, decreased fatigue, decreased som-
nolence, and increased well-being. These reports include the description of a
bedridden patient who, when treated with amphetamine, was able to dress
himself, and of another “helpless’’ patient who was able to feed himself again.
Most of the reports were unable to document much if any objective changes,
although there are descriptions of decreased tremor, decreased rigidity, and
decreased salivation. These papers suggest that positive changes were seen
in 50% to 93% of patients with postencephalitic parkinsonism treated with
amphetamine. It is of interest that the authors also commented that oculo-
gyric crises were improved or abolished in almost all of the patients [11, 12].
In 1961, based on the effect of methylphenidate on the dopaminergic system,
Halliday and Nathan [13] reported on its use in the treatment of Parkinson’s
disease. They noted that some patients had increased freedom of movement
and decreased rigidity, but that tremor was unaffected. However, they con-
cluded that only one-half of the patients felt better and that they were unsure
that this “feeling better’’ was related to methylphenidate’s antiparkinsonism
effects.

In 1975, Parkes et al. [14] examined the effect of both l- and d-amphetamine
in Parkinson’s disease. These patients continued to take their antiparkinsonism
medications including levodopa, amantadine, and anticholinergics, and were
started on l- or d-amphetamine as outpatients. Both l- and d-amphetamine
produced slight (17–20%) reduction in total disability, tremor, akinesia, and
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rigidity. As a result of side effects induced by amphetamine and because of the
modest nature of clinical improvement, it was concluded that neither isomer
was of value in routine treatment.

The failure of amphetamine and methylphenidate to improve the disability
of Parkinson’s disease is not surprising when considering the mechanism of
action of these medications. In Parkinson’s disease, there is a net decrease in
dopamine production and storage in the affected areas of the basal ganglia.
Amphetamine has mechanisms of action that include blockade of dopamine
reuptake mechanisms, but more importantly, induction of the release of stored
and newly synthesized dopamine. This latter mechanism of action is probably
ineffective in Parkinson’s disease. The action of methylphenidate is linked to
the release of stored dopamine without the blockade of reuptake, and therefore
would be expected to have even less efficacy in the treatment of Parkinson’s
disease.

Amphetamine and methylphenidate are almost never employed in the treat-
ment of Parkinson patients today. The beneficial motor effects are minimal, and
the unfavorable side effect profile (anorexia, possible encephalopathic changes)
makes these medications of questionable use in this patient population.

Choreiform disorders
Choreiform movements of diverse etiologies are thought to be directly re-
lated to excess activity of the nigrostriatal dopaminergic system. In this regard,
stimulation of dopamine receptors is thought to enhance chorea, and central
dopamine blockade or depletion is thought to reduce choreiform movements
[15].

Amphetamine has been reported to enhance chorea in a variety of conditions
including Sydenham’s chorea, Huntington’s disease, and chorea associated
with systemic lupus erythematosus. In all of these patients, some preexisting
dysfunction of the striatum can be assumed from their diagnosis. The lack of
chorea in “normal’’ controls after amphetamine administration would seem to
indicate that a prior neurologic insult or preexisting abnormality is required
for amphetamine to produce chorea. For example, amphetamine reproduced
abnormal movements in a patient with a history of Sydenham’s chorea whose
symptoms had resolved years prior to presentation [16]. Effects like this have
been seen over a variety of time periods, usually in the acute setting, and
represent a different process than the punding or stereotyped behaviors seen
with chronic amphetamine use noted earlier in this chapter.

There have been several case reports of methylphenidate-induced chorea.
Palatucci [17] reported the case of a 19-year-old male who developed chor-
eiform dyskinesias after a single dose of methylphenidate in the setting of
several weeks of neuroleptic use. One hour after methylphenidate admin-
istration, the patient developed dyskinesias that did not resolve for the next
30 hours. A second case involved a 55-year-old woman on chronic neuroleptics
and lithium who had discontinued them prior to abusing methylphenidate.
The patient developed a choreoathetoid movement disorder shortly thereafter
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[18]. The chronic use of neuroleptics is believed to affect dopamine receptor
mechanisms, and it is possible that the prior exposure to neuroleptics may have
presensitized these patients to the dopaminergic effects of methylphenidate.

Millichap et al. [19] noted one patient in a study of hyperkinetic behavior and
learning disorders who developed difficulty in speaking, difficulty in moving
the lips, and twitching movements of the face. The symptoms appeared to be
proportional to the dose of methylphenidate, and improved when the dose was
decreased. Of the 30 patients in the study, 29 had a diagnosis of minimal brain
disease, and it is unclear if this patient had carried this diagnosis or was the ex-
ception. In another patient, Weiner et al. [20] described the onset of chorea that
persisted for 2 years following a dose escalation of methylphenidate for hyper-
activity. In both of these patients, a preexisting abnormality was present that
likely predisposed these individuals to methylphenidate-induced choreiform
movements.

In guinea pigs, chronic administration of methylphenidate alters dopamin-
ergic response [20]. Specifically, it progressively lowers the threshold to elicit
stereotyped responses. Alterations in the dopamine receptors due to chronic
methylphenidate use have been postulated to cause the development of chorea
noted in some patients after small escalations in their dose.

Pemoline-induced chorea has rarely been reported. In two case reports, pa-
tients were treated with neuroleptics prior to the administration of pemoline
[21, 22]. As noted with methylphenidate, chronic neuroleptic-induced changes
in the dopamine response could be the underlying mechanism.

In patients without prior neuroleptic use or a preexisting condition, the
ability of pemoline to induce chorea remains unclear. Stork and Cantor [23]
reported 3-year-old twins with the diagnosis of attention deficit hyperactivity
disorder (ADHD) who presented with choreoathetoid movements of the face
and extremities after a pemoline overdose. The patients had been treated with
methylphenidate prior to what was to be their first day of pemoline therapy.
No history of movement disorders is reported before or during therapy with
methylphenidate. Given the diagnosis of ADHD, however, there may be an
underlying predilection for abnormal responses to dopaminergic stimulants,
as well as potential complications related to the prior use of methylphenidate
and its potential chronic effects. Nausieda et al. [24] reported the case of a
2-year-old who overdosed on pemoline and developed encephalopathy ac-
companied by a choreiform movement disorder. This consisted of buccal facial
dyskinesias, tongue protrusions, and brief movements of the hands and feet.
Symptoms resolved over 36 hours. There was no known history of movement
disorder or ADHD in this child. Despite this, there appears to be little evi-
dence of pemoline-induced choreiform disorder in patients without a history
of a movement disorder except in cases of significant overdose.

Daras et al. [25] reported seven additional patients observed to have cocaine-
induced movements. Two of these patients had a history of remote or recent
neuroleptic use, and one patient was known to have AIDS, but the remaining
four patients were without known history of neurodegenerative disorder or
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neuroleptic use. All seven patients presented with choreoathetoid movements
of the extremities and the majority also had facial or head involvement. In all
seven cases, symptoms resolved over 3–6 days in the hospital. At least three
of the patients without predisposing factors noted similar events in the past
related to crack cocaine use. The authors noted the presence of a slang term
for this phenomenon (“crack dancing’’) as well as for buccolingual dyskinesias
(“boca torsida’’ or “twisted mouth’’), and that the presence of these terms may
indicate that these phenomena are much more prevalent in the population but
underreported due to the transient nature of the symptoms.

Tic disorders
There has been much debate regarding the effect on amphetamine and
methylphenidate on tic disorders. Attention deficit hyperactivity disorder
(ADHD), the primary indication for use of these medications in children, has
a strong association with the Gilles de la Tourette syndrome (GTS). Although
a wide variety of genes and neurotransmitters are involved in the pathogen-
esis of both ADHD and GTS [26], the motor components of GTS (motor and
vocal tics) are thought to be related to abnormalities of the dopaminergic sys-
tem. There has been concern that treatment of ADHD with amphetamine and
methylphenidate may carry a risk of inducing motor tics or even the full syn-
drome of GTS. More recent studies have brought into question the concept
that these drugs exacerbate tics. Black [27] reported that six patients with GTS
given an acute dose of levodopa reported significant decrease in the severity
of their tics. This was confirmed by a blinded observer using videotapes. If tics
were caused solely by excess dopaminergic activity, they would have worsened
with levodopa administration. In addition, a recent study has demonstrated
that pergolide, a dopamine agonist, also improved tics [28]. It remains plausi-
ble that the dopaminergic system is involved in GTS, but the exact mechanism
is unclear.

Several early case reports and studies were published reporting patients who
developed increased tics or GTS seemingly secondary to stimulant medication
administered for hyperkinetic behavior. In 1973, Meyerhoff and Snyder [29]
described an increase in tics in a GTS patient treated with amphetamine. The
following year, Golden [30] described a case of new “full-blown’’ GTS in a
9-year-old being treated (with good effect) for hyperkinetic behavior. The tic
disorder resolved when methylphenidate was discontinued. Denckla et al. [31]
examined data on 1520 patients with minimal brain dysfunction treated with
methylphenidate. They reported 20 cases (1.3% of the patients) of tics related to
the treatment, 14 of which were new onset and 6 of which were exacerbations
of preexisting tics. It was noted, however, that reliance on phone interviews
by the investigators may have underestimated the prevalence. The authors
concluded that only a small percentage of patients experience exacerbation
of tics by methylphenidate. Additional studies were also published regarding
the ability of methylphenidate to exacerbate or induce motor and vocal tics
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in GTS [32, 33] including an additional case of new full-blown GTS in a child
with ADHD [34].

Several larger case series support the link between stimulant treatment and
exacerbation of tics in GTS. Golden [35] reported a case review of 32 GTS
patients who had been exposed to amphetamine or methylphenidate, 17 of
whom developed marked exacerbation of their tic symptoms. Lowe et al. [36]
described 15 GTS patients with exacerbation of their tics out of 100 patients
treated with stimulant medication. This series made the observation that many
of these 15 patients had a family history of GTS or tic disorder, which may have
predisposed them to exacerbation when exposed to stimulants. Several other
case series were published with similar findings, with percentages of patients
experiencing exacerbation of tics ranging from 22% to 33% [37, 46]. It is of
interest that several patients were actually noted to have a decrease in tic
severity while on stimulant medication. One common finding was that many
of the children did not develop the tics for weeks to months after starting
stimulants, and, in fact, several had discontinued the stimulant medications
prior to the development or exacerbation of the tics. This observation raised
the possibility that exacerbation in GTS patients or new tics seen in ADHD
children may, in fact, represent the natural progression of these patients in the
development or course of their GTS, rather than a medication effect.

Price et al. [38] reported on six pairs of monozygotic twins with GTS. In
each twin set, both developed the disease, but there was complete discordance
regarding time of onset and severity in relation to prior stimulant use. Al-
though the number of patients is small, these data suggest that stimulants
are not a factor in GTS phenotype expression. Lipkin et al. [39] looked at risk
factors for the development of tic disorder in patients with ADHD on stimu-
lant medications. They reported tic prevalence of 9% in 122 children treated
with stimulants. There was no relation between personal or family tic history,
medication selection, or dosage and the development or exacerbation of tic
disorder.

More recently, several controlled studies have shown no effect of stimu-
lant therapy on tics. In 1995, Gadow et al. [40] conducted a double-blind,
placebo-controlled study of 34 children with ADHD and tic disorder, each
treated with three doses of methylphenidate and placebo for 2 weeks each.
The children showed no evidence of worsening in severity of tics on any dose
of methylphenidate in comparison to placebo in evaluations by physician,
teacher, or parent. Efron et al. [41] performed a double-blind, crossover trial of
methylphenidate and dexamphetamine in 125 children with ADHD. Overall,
the prevalence and severity of tics showed a statistically significant decrease
during stimulant treatment compared to baseline, leading the authors to con-
clude that tics are not a symptom exacerbated by stimulant use. In 2002, a ran-
domized controlled trial of 136 patients with tic disorder and ADHD found that
the proportion of individuals reporting worsening of tics as an adverse effect
of methylphenidate was no higher than placebo [42]. The measured tic severity
in these same patients actually decreased compared to placebo. The authors
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concluded that concerns about worsening of tics with stimulant medications
were not supported by their data and that methylphenidate and clonidine are
effective for treatment of ADHD with comorbid tic disorders. Two other recent
studies showing the effectiveness of methylphenidate treatment on symptoms
of ADHD also note the absence of increased tic frequency or severity over 15
and 24 months of treatment in 62 and 34 patients, respectively [43, 44].

The American Academy of Child and Adolescent Psychiatry issued prac-
tice parameters in 2002 that stated “controlled studies have not found that
[methylphenidate] worsens motor tics in Tourette’s syndrome, nor does it in-
crease motor tics in children with ADHD without Tourette’s syndrome’’ [45].
In every study listed above and in most case reports, the symptoms of ADHD
that were being treated were significantly improved (inattention, behavioral
issues). The recent large randomized, placebo-controlled trials show no effect
or even improvement in tic disorders with methylphenidate. The risk of exac-
erbation or induction of tics in this population seems almost nonexistent. At
the same time, significant benefits of treatment of ADHD with stimulants have
been demonstrated.

Pemoline has also been implicated, in several cases, of exacerbating or caus-
ing tic disorders. As pemoline is also used primarily to treat ADHD, it is not
surprising that the reported cases are of a similar nature to those regarding
methylphenidate. Bachman [46] reported a 9-year-old child who developed
tics when he began treatment with pemoline. The pemoline was discontinued
after 2 months, with no change in the tics. He had a fluctuating course over the
next few years of both motor and verbal tics, sufficient to support the diagnosis
of GTS. While the child had not evidenced these tics before treatment, it seems
likely that the patient actually had incipient GTS and the pemoline treatment
precipitated the appearance of the characteristic symptoms.

Mitchell and Matthews [47] and Sleator [48] each reported a child who de-
veloped new motor tics when started on pemoline for hyperactivity. In both
cases, the child had no prior history of movement disorder, but it is notable that
both children had previously been treated with thioridazine. These children
had improvement of symptoms after discontinuing pemoline therapy. When
one of the children was rechallenged with pemoline, the tics recurred, again
resolving after pemoline was withdrawn. The common history of thioridazine
use in both children could represent an underlying etiology, likely sensitizing
the dopaminergic neurons and predisposing the patients to tics when exposed
to pemoline.

Regarding cocaine and tic disorders, there have been several case reports
of cocaine exacerbating or inducing tics. Mesulam [49] and Factor et al. [50]
describe two patients with preexisting GTS whose tics grew more severe with
the use of cocaine. Pascaul-Leone and Dhuna [51] reported four patients who
had cocaine-induced worsening or onset of tics. Two of the patients had a prior
diagnosis of GTS, and their response to crack cocaine consisted of increased
severity of both motor and vocal tics. It is notable that the exacerbation in tic
severity lasted for 4 days in one patient. The other two patients were without a
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prior history of tics or other movement disorder, and there was no family his-
tory of tics. These patients experienced new onset of multifocal motor tics dur-
ing binge periods of cocaine use. Both patients had prolonged recovery over
weeks to months. The possibility that they had undiagnosed conditions prior
to presentation or subtle predisposing factors cannot be completely excluded,
but an extensive hospital evaluation including imaging was otherwise normal.
If these patients were indeed “normal’’ prior to cocaine use, it would imply
that cocaine alone is sufficient to induce tics, possibly through dopaminergic
supersensitivity as demonstrated in animal models of stereotyped behavior.

Dystonia
In the last decade, there have been several case reports and two case series
describing acute dystonic reactions with cocaine abuse (Table 14.2). Kumor
et al. [52] reported that six of seven cocaine abusers administered haloperidol
in a research setting developed an acute dystonic reaction. These patients had
not used cocaine for at least 10 days prior to the administration of haloperi-
dol. The acute dystonia developed within 22 hours of the first haloperidol
dose in four patients and within 3 hours of the second haloperidol dose in
the other two patients. The resultant dystonia was so severe as to require ad-
ministration of intravenous diphenhydramine or benztropine after which the
dystonia quickly resolved. Choy-Kwong and Lipton [53] noted in a study of
consecutive patients admitted to a psychiatric hospital and treated with neu-
roleptics that prior history of cocaine abuse was associated with a threefold
increased risk of dystonic reactions. Kumor [54] described a single patient who
first developed an acute dystonic response to haloperidol and who, when ad-
ministered cocaine 5 days later, once again had onset of dystonia. van Harten
et al. [55] conducted a prospective study to examine the matter. The subjects
consisted of 29 males aged 17–45 years who had received high-potency neu-
roleptics after admission to a hospital psychiatric unit. None of the patients
had a known neurodegenerative disease or had been exposed to anticholiner-
gic medications or benzodiazepines, and the patients were followed for 7 days.
The results indicated a significantly increased risk (RR = 4.4) for cocaine users
versus nonusers. They concluded that cocaine-using patients requiring high-
potency neuroleptics should be administered an anticholinergic medication
for the first 7 days of neuroleptic administration. These studies have served
to alert clinicians that prior history of cocaine abuse may predispose to acute
neuroleptic-induced dystonia, and these patients must be carefully observed.

There have also been a number of case reports involving cocaine-induced
acute dystonic reactions in patients without known predisposing risk fac-
tors. One patient developed focal dystonic movements lasting approximately
45 minutes shortly after cocaine use [56], and a second patient, a 15-year-
old girl admitted to the psychiatry unit developed an acute dystonic reaction
16 hours after her last known use of cocaine without receiving neuroleptic
medication [57]. Neither patient was known to have a prior history of a move-
ment disorder. Farrell [58] reported a case of a 29-year-old man who developed
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spasm of his masseter muscles and inability to open his jaw 3 days after cocaine
use. The patient admitted to a similar episode after cocaine use years earlier
and proceeded to have a third episode with cocaine use several months after
discharge.

Fines et al. [59] described two patients who presented to the emergency de-
partment with dystonic reactions after using cocaine. In both cases, symptoms
quickly resolved after treatment with intravenous diphenhydramine. Cata-
lano et al. [60] reported a similar case of a 34-year-old woman with acute facial
dystonia after heavy crack cocaine use the night prior to presentation. Again,
in all three cases, no history of movement disorder or prior neuroleptic use
was found.

Bartzokis et al. [61] conducted a study of 71 cocaine-dependent subjects to
evaluate if there was a difference in severity of choreoathetoid movement in
cocaine-using individuals compared to the general population. The patients
were evaluated using the Abnormal Involuntary Movement Scale. The cocaine-
dependent subjects showed a significantly increased nonfacial (limbs plus
body) AIMS subscore. The nine amphetamine-dependent patients in the study
showed similar findings. The effect was most pronounced in the youngest age
group. This was also the only group to show a significant difference in facial
AIMS subscore compared to controls.

Another related movement disorder noted in two patients is opsoclonus-
myoclonus. Scharf [62] reported a 26-year-old woman with a history of chronic
intermittent cocaine abuse who developed opsoclonus-myoclonus the morn-
ing after she had used intranasal cocaine. The patient awoke with severe my-
oclonic jerks involving both trunk and limbs, and complained of the inability
to keep her eyes still. The symptoms resolved over 4 months, and at 12-month
follow-up she was completely normal. Elkardoudi-Pijnenburg and Van Vliet
[63] reported a case of a 29-year-old man with opsoclonus, myoclonus, and
ataxia after taking cocaine, resolving over 4 weeks. In both cases, well-known
causes of opsoclonus-myoclonus were absent, and the temporal relation indi-
cates cocaine as the likely etiology.

Recently, there has been evidence that cocaine can induce or predispose
patients to more chronic movement disorders. Weiner et al. [64] described a
34-year-old woman with choreiform movements that had been persistent for
14 months despite abstinence from cocaine during that period. These move-
ments had appeared during her period of abuse, improved with cocaine use,
but gradually worsened to the point that they were constantly present. No
improvement was noted over a 6-month follow-up.

There is a growing body of evidence that chronic cocaine use leads to signif-
icant changes in the human brain. Wilson et al. [65] demonstrated decreased
levels of striatal dopamine and dopamine transporter in the autopsied brains
of 12 chronic cocaine abusers, and further studies have shown decreased
levels of calcium-stimulated phsopholipase A2 [66] and decreased activity of
phosphatidylcholine cytidyltransferase in the putamen of chronic users [67].
Pascual-Leone et al. demonstrated cerebral atrophy in chronic cocaine abusers



Table 14.2 Cocaine-related dystonic reactions

Previous
neurological Form and route Time from

References Age Sex history Pattern of use of administration last use Type of movement Outcome

54 15 Female 0 Intermittent IV 16 hours Generalized
dystonia, torticollis,
and extensor
posturing

Resolved
immediately with IV
diphenhydramine

55 29 Male 0 Intermittent Crack cocaine 3 days Masseter spasm, jaw
clenched

Repeat episode with
next use

56 34 Female 0 Daily chronic Crack cocaine <1 day Choreoathetoid –
extremities, lip
smacking, eye
blinking

Resolved over 4 days

56 24 Female 0 Intermittent Crack cocaine <1 day Choreoathetoid –
head, extremities,
trunk

Resolved over 4 days

56 21 Female Methylphenidate
use age 9–11
years

Daily for
5 years

Crack cocaine 3 hours Rapid chorea of head
and arms, ataxic
gait

Resolved over 3 days

56 29 Female Neuroleptic use
10 years prior

Unknown Crack cocaine Unknown, urine
positive for cocaine
metabolites

Akathisia Resolved over 5 days
with one dose of
diphenhydramine

56 58 Female Neuroleptic use
2 months prior

Unknown Crack cocaine <1 day Choreoathetoid –
extremities,
buccolingual
dyskinesias

resolved over 4 days

56 38 Male HIV/AIDS Chronic Crack cocaine <1 day Limb rigidity, inability
to walk

Resolved over 6 days

3
6

4



56 46 Male 0 Chronic Crack cocaine <1 day Rotations of
shoulders,
constant
movement of
hands and feet

Resolved over 3 days

57 32 Male 0 Weekly for 1 year Intranasal Unspecified Opisthotonos Resolved with
diphenhydramine

57 19 Male 0 Weekly for 1 year Intranasal 6 hours Torticollis Resolved with
diphenhydramine

58 34 Female 0 Unknown Crack cocaine <1 day Acute facial dystonia Resolved
immediately with IV
diphenhydramine

59 26 Female 0 Intermittent
“binge” use

Intranasal <1 day Opsoclonus –
myoclonus

Resolved over
4 months

60 29 Male Migraine
headaches

Intermittent use
for several
years

Unknown 18 days, although
symptoms began
“shortly after use”

Opsoclonus
–myoclonus, ataxia

Resolved over
4 weeks

61 34 Female 0 Chronic,
multi-drug

Intranasal, IV,
crack cocaine

Progressive since
last use 14 months
prior

Choreodystonic
dyskinesias

Persistent

3
6

5
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by planimetric CT. Most notably, there was a significant correlation between
the length of time the individual had been using cocaine, and the degree of
atrophy as measured on CT scan. Positron emission tomography (PET) demon-
strated a reduction in cerebral blood flow that is most notable in the anterior
brain regions, even in patients with minimal abnormalities on neurologic or
neuropsychological testing [68]. Another study using PET revealed reduced
rates of frontal metabolism in cocaine abusers, despite 3 months abstinence and
the lack of gross neurologic abnormalities on exam [69]. While these changes
may not be sufficient to induce movement disorders in their own right, they
could predispose these individuals to the development of other conditions
such as obsessive-compulsive [70] behavior or tremor disorders.

Tremor
Bauer [71] examined the effect of cocaine dependency on postural and ki-
netic hand tremor. All subjects were abstinent from cocaine for 1–5 months.
Sixty-two subjects were evaluated and divided into the following subgroups:
cocaine use only, cocaine and opiate dependence, cocaine and alcohol depen-
dence, and alcohol dependence only. All three groups with cocaine history
exhibited significantly more postural hand tremor than the alcohol only and
control groups. Further analysis showed that severity of tremor appeared to
be proportional to the amount of past abuse and inversely proportional to the
amount of time they were abstinent.

It is written in several textbooks and drug manuals that stimulants can cause
increased postural tremor in patients without preexisting movement disor-
ders and Kramer et al. [72] reported that amphetamine abusers noted severe
tremors as a sign to end a “run’’ or binge period of abuse. However, there is
little evidence to support the role of the dopaminergic system in tremor exac-
erbation, and enhancement of physiologic postural tremor could be an effect
of sympathomimetic effects of stimulants on peripheral adrenergic receptors.

Conclusion

Amphetamine, methylphenidate, pemoline, and cocaine all have a variety of
effects on the central nervous system, one of the most prominent being an al-
teration of the dopaminergic system. Although some differences in mechanism
of action are present, all four drugs appear to acutely increase dopaminergic
mechanisms.

Although much evidence on the acute effects of stimulant medications has
been accumulated, the long-term effects of chronic stimulant use are just now
being investigated. Recent studies using brain imaging and neurochemical
tracers have begun to elucidate changes that occur over time, which may ac-
count for stereotyped behaviors in chronic amphetamine abusers, and move-
ment disorders caused by cocaine. Despite these new data, the mechanism
through which these medications cause long-term changes in the brain are
still unclear and merits further investigation.
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The remaining question that has yet to be answered is whether stimulant
medications can cause movement disorders in “normal’’ patients. In most of
the reported cases, the patients were known to have a significant history of a
disorder with motor components or shown to have structural or biochemical
changes in the brain or were treated with neuroleptics. Based on the preva-
lence of the use of stimulants and the few reported cases of movement disor-
ders in otherwise normal individuals, we continue to favor the hypothesis that
stimulant-induced movement disorders occur in a subset of people, consisting
of those with either subtle or preclinical movement disorders that are exac-
erbated by stimulants or in people with preexisting apparent or unapparent
CNS alterations.
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CHAPTER 15

Antidepressants

Maria L. Moro-de-Casillas and David E. Riley

Introduction

The treatment of depression interacts with movement disorders in two distinct
and complementary ways. On one hand, movement disorders may be induced
by drugs during the course of the treatment of depression, and on the other,
antidepressant therapies can alter preexisting movement disorders. Both of
these relationships will be explored in this review.

In this chapter, the scope of antidepressant therapy will be limited to
treatments directed against the affective component of depressive illnesses
(Table 15.1). Drugs used for psychotic symptoms, particularly the neurolep-
tics, have been discussed in the Chapters 4–12. Selegiline will not however be
discussed; this review will include lithium, which is technically used more for
manic than depressive symptoms, because of the clear association between ma-
nia and depressive disorders. Fluvoxamine is approved for use in the United
States only for obsessive-compulsive disorder, but it clearly belongs with the
serotonin-selective reuptake inhibitors and it will be discussed.

There are four major categories of therapy for affective disorders (Table 15.1);
three consist of drugs, and the other is electroconvulsive therapy (ECT). The
most commonly used pharmacological agents for depression may be collec-
tively referred to as the monoamine reuptake (MARU) inhibitors. Acknowl-
edging that inhibition of reuptake of catecholamines may not be the only mech-
anism by which they exert their antidepressant effect [1], this is nevertheless
the shared biochemical property by which they are most readily identified.

The original MARU inhibitor, imipramine, is a phenothiazine derivative that
was relatively ineffective as an antipsychotic but was serendipitously found
to have pronounced antidepressant effects. Many analogs were formulated,
and collectively came to be known as tricyclic antidepressants (TCAs) because
of a common three-ring molecular structure. Conventional TCAs increase
the synaptic availability of serotonin and norepinephrine by blocking their up-
take by the presynaptic neuron. The tertiary amines (imipramine, amitripty-
line, trimipramine, clomipramine, and doxepin) are more potent inhibitors
of serotonin reuptake, whereas nortriptyline and desipramine (secondary
amines) are more potent norepinephrine reuptake inhibitors (Table 15.2) [2].

With generally fewer side effects than TCAs, the serotonin-selective reup-
take inhibitors(SSRIs)(Table 15.1) have become the most widely prescribed
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Table 15.1 Antidepressant therapies

1. Monoamine reuptake Inhibitors
A. Norepinephrine-reuptake inhibitors:

Tertiary-amine tricyclic antidepressants
Trimipramine (Surmontil)
Clomipramine (Anafranil)
Amitriptyline (Elavil)
Doxepin (Sinequan)∗

Imipramine (Tofranil)
Secondary-amine tricyclic antidepressants

Amoxapine (Asendin)
Desipramine (Norpramin)
Protriptyline (Vivactil)
Nortriptyline (Pamelor)

B. Serotonin-selective reuptake inhibitors:
Citalopram (Celexa)∗

Fluoxetine (Prozac)∗

Fluvoxamine (Luvox)
Paroxetine (Paxil, Paxil CR)†,∗

Sertraline (Zoloft)∗

Escitalopram (Lexapro)
C. Atypical antidepressants:

Bupropion (Wellbutrin, Wellbutrin SR)†

Mirtazapine (Remeron)§
Nefazodone (Serzone)
Trazodone (Desyrel)
Venlafaxine (Effexor, Effexor XR)†

2. Monoamine oxidase inhibitors
I. Nonselective MAO inhibitors
A. Hydrazine:

Phenelzine (Nardil)
Isocarboxazid (Marplan)

B. Nonhydrazine:
Tranylcypromine (Parnate)

II. Preferential MAO-A inhibitor moclobamide (Manerix)

3. Electroconvulsive therapy

4. Lithium (Eskalith, Lithobid)†

∗ = Agents available in liquid forms.
† = Agents available in slow-release forms.
§ = Agent available in orally-disintegrating tablet.

antidepressants. SSRIs block the reuptake of serotonin into presynaptic nerve
terminals, thereby enhancing serotonin neurotransmission. This presumably
results in their antidepressant effect [3]. Although this common mechanism
of action predominates, each SSRI has a somewhat different pharmacology,
resulting in a distinct profile of clinical activity, side effects, and drug interac-
tions.

Antidepressants with less well-defined neuropharmacology are often
lumped together under the term atypical antidepressants [4]. Venlafaxine is a
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Table 15.2 Relative potencies of monoamine reuptake inhibitors on major
monoamine systems

Drugs Norepinephrine Serotonin Dopamine

Trimipramine 5 5∗ 5
Clomipramine 3 1∗ 5
Amitriptyline 3 2∗ 5
Doxepin 3 3∗ 6
Imipramine 3 2∗ 5
Amoxapine 3∗ 3 5
Desipramine 1∗ 3 5
Protriptyline 2∗ 3 5
Nortriptyline 2∗ 3 5
Citalopram 5 2∗ 6
Fluoxetine 4 1∗ 5
Fluvoxamine 5 2∗ 5
Paroxetine 3 1∗ 4
Sertraline 4 1∗ 3
Escitalopram 5 1∗ 6
Venlafaxine 5 2∗ 5
Bupropion 6 5 4∗

Mirtazapine 5∗ 6 6
Nefazodone 3∗ 4 4
Trazodone 5 4∗ 5

Numerical values reflect a descending potency from 1 to 6, as follows: the inhi-
bitor constant for 1 = less than 1 nM, 2 = 1–10 nM, 3 = 10–100 nM,
4 = 100–1,000 nM, 5 = 1, 000–10,000 nM, 6 = greater than 10,000 nM.
∗The drug’s greatest potency for reuptake inhibition is in this neurotransmitter.
Source: Data adapted from [4, 266]

nonselective serotonin, norepinephrine, and dopamine reuptake blocker [5].
Trazodone and nefazodone have inhibitory actions on serotonin transport [4].
Nefazodone may also modulate the norepinephrine transport system, and has
a strong direct antagonistic effect on 5-HT2A receptors. These structurally re-
lated drugs may inhibit presynaptic 5-HT1 subtype autoreceptors, and have
partial agonist effects on postsynaptic 5-HT1 receptors. Through these actions,
they enhance neuronal release of serotonin [6]. Trazodone also blocks cerebral
α1-adrenergic and H1-histamine receptors [4]. Bupropion and its amphetamine-
like active metabolites modulate dopamine and norepinephrine transport [7].
The atypical antidepressant mirtazapine has potent antagonistic effects at sev-
eral postsynaptic serotonin receptor types and can produce gradual downreg-
ulation of 5-HT2A receptors [6]. Through actions that limit the effectiveness
of inhibitory α2-adrenergic heteroreceptors on serotonergic neurons as well
as inhibitory α2-autoreceptors, and 5-HT2A heteroreceptors on noradrenergic
neurons, mirtazapine may enhance the release of both amines, contributing
to its antidepressant effect. Mirtazapine is also a potent histamine H1-receptor
antagonist with sedating effects [4].
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MAO inhibitors were introduced in the mid-1950s and were the first clini-
cally successful modern antidepressants [8]. Although not fully established,
the antidepressant effect of MAO inhibitors is usually attributed to inhibition
of catabolism of monoamine neurotransmitters in the CNS, increasing their
availability. Even though MAO inhibition occurs rapidly, the usual delay of
clinical benefit by several weeks may reflect secondary adaptations, including
downregulation of α2-adrenergic and β-adrenergic receptors [4, 9].

ECT has been in continuous use as a treatment for severe psychiatric ill-
nesses since 1938, but the mechanism of its powerful antidepressant effect
is still unclear. ECT is an important alternative to pharmacotherapy for ma-
jor depression, mania, and mixed affective states. The exact mechanism of
action of ECT remains obscure. Investigators have hypothesized that its effec-
tiveness may be related to increases of brain norepinephrine, dopamine, and
serotonin together with downregulation of adrenergic receptors. Alternatively,
ECT may work by enhancing transmission of inhibitory neurotransmitters and
neuropeptides (e.g., GABA and endogenous opioid concentrations) [10]. Other
effects of ECT on neurochemical mechanisms include enhanced responsiveness
of serotonin receptors, induction of dopamine receptor supersensitivity, and a
modest downregulation of muscarinic cholinergic receptors [11]. Finally, a mul-
titude of brain effects resulting from electrically induced seizures, including
changes in cerebral blood flow, oxygen and glucose metabolism, blood-brain
barrier permeability, and protein synthesis, may play roles [12–16].

Lithium carbonate was introduced into psychiatry in 1949 for the treatment
of mania. The biochemical mechanism by which lithium stabilizes mood is un-
known. It is probable that lithium alters the distribution of cations in the central
nervous system, and modulates the metabolism of biogenic monoamines in-
volved in the pathophysiology of mood disorders. Lithium may also affect
“second messengers’’ and other intracellular molecular mechanisms involved
in signal transduction, and cell and gene regulation. These complex actions are
thought to stabilize neuronal activities, support neural plasticity, and provide
neuroprotection [17–21].

Movement disorders induced by antidepressant therapy

Incorporation of the category, “Medication-Induced Movement Disorders Not
Otherwise Specified,’’ in the Diagnostic and Statistical Manual of Mental
Disorders [22], has allowed physicians to formally recognize that drugs other
than neuroleptics, including antidepressants, can result in the development
of movement disorders [22, 23]. However, to provide a perspective regard-
ing the epidemiological importance of the disorders to be discussed in this
section, it should be stated that the frequency of movement disorders associ-
ated with antidepressant therapy (Table 15.3) is considerably lower than that
of disorders related to antidopaminergic drugs. Although antidepressants are
widely used, the associations described here are often drawn from anecdotal
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Table 15.3 (Part A) Movement disorders caused by antidepressants

Movement disorder Causative agents

Parkinsonism Amoxapine Bupropion
Fluoxetine Trazodone
Sertraline Venlafaxine
Paroxetine Phenelzine
Citalopram Lithium
Fluvoxamine ECT

Tremor MARU inhibitors (many) Lithium
MAO inhibitors

Myoclonus Tricyclic antidepressants MAO inhibitors
Sertraline Lithium
Fluvoxamine Paroxetine
Fluoxetine
Trazodone

Dystonia/dystonic reactions Amitriptyline Fluoxetine
Amoxapine Sertraline
Imipramine Trazodone
Clomipramine Bupropion
Doxepin Mirtazapine
fluvoxamine Tranylcypromine
Paroxetine (oculogyric crises)
ECT (oculogyric crises)
Lithium (oculogyric crises)

Note: See text for references.
Movement disorders represented here are only the most common.
Refer to text for more information.

evidence provided by individual case reports. Furthermore, the degree of fa-
miliarity with movement disorders appears to vary greatly among authors,
with consequently disparate terminology and ability to provide sufficient rel-
evant descriptive detail. In short, the existence of many of these drug-induced
movement disorder associations could be challenged on both clinical and epi-
demiological grounds. Since the first edition of this text, there has been a
noticeable improvement in the quality of case reports in this field, and recent
references appear to be more reliable. An important alternative explanation in
some cases, especially those with unusual or bizarre types of abnormal move-
ments, is a psychogenic movement disorder that is more common in patients
with underlying depression.

Monoamine reuptake inhibitors

Tricyclic antidepressants
A rapid, low-amplitude action, tremor,can be found in up to 50% or more pa-
tients receiving various TCAs, and represents one of the most common adverse
events in virtually all clinical trials of these drugs. This side effect is thought



378 Chapter 15

Table 15.3 (Part B) Movement disorders caused by antidepressants

Movement disorder Causative agent

Chorea Imipramine Lithium
Amitriptyline Paroxetine
Sertraline

Dyskinesias/tardive dyskinesia Imipramine Bupropion
Amitriptyline Trazodone
Amoxapine ECT
Doxepin Fluvoxamine
Clomipramine Sertraline
Fluoxetine Paroxetine

Neuroleptic malignant syndrome Desipramine Lithium
Fluoxetine Venlafaxine

Bruxism Fluoxetine Venlafaxine
Sertraline Paroxetine
Citalopram

Serotonin syndrome SSRI’s Mirtazapine
Trazodone Venlafaxine

Akathisia Nortriptyline Mirtazapine
Fluvoxamine Sertraline
Paroxetine Fluoxetine
Tranylcypromine

Note: See text for references.
Movement disorders represented here are only the most common.
Refer to text for more information.

to represent an “enhanced physiological tremor’’ [24]. The mechanism of the
enhancement is unknown, but Raethjen and colleagues [25] have hypothesized
that an increase in centrally driven coupling between antagonistic muscles is
the basis for the development of amitriptyline-induced tremor. The tremor
may respond to propranolol [26], and it will disappear with dosage reduction
or discontinuation of the drug.

Acute dystonic reactions have been reported with amitriptyline, doxepin,
imipramine, and clomipramine [2, 27]. In general, dystonic reactions are be-
lieved to occur because of a sudden and marked dopamine receptor an-
tagonism in the nigrostriatal tract [28]. Amoxapine is the TCA that retains
the closest ties to its phenothiazine roots, so much so that investigators
continue to tout its neuroleptic effects [29]. Amoxapine has induced acute
dystonia [30], akathisia [31], parkinsonism [32], and tardive dyskinesia [33].
Thus amoxapine has been associated with virtually all of the major neurolog-
ical syndromes produced by antipsychotic drugs. This is most likely related
to its metabolite 7-hydroxyamoxapine, which has potent dopamine receptor
blocking ability [34]. Discontinuation of clomipramine was associated with
acute cervical dystonia, tremulousness, and sensory ataxia in one case. The
dystonia resolved with parenteral promethazine, and the other symptoms
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subsided with fluoxetine therapy. The authors proposed a cholinergic rebound
mechanism and a hyperdopaminergic state as an explanation for the dystonic
reaction [35].

A variety of orofacial dyskinesias have been reported with most TCAs.
Fornazzari and coworkers [36] observed the “rabbit syndrome,’’ character-
ized by repetitive chewing movements, in a woman who had been treated
with imipramine (125–150 mg daily) for 4 years. The abnormal perioral
movements ceased within 2 days of discontinuation of the antidepressant.
Single-photon emission computed tomography (SPECT) demonstrated re-
duced basal ganglia perfusion while orofacial dyskinesia was present. Normal
perfusion was restored after resolution of the movements. Treatment with
amitriptyline has also been associated with reversible orofacial dyskinesias
in two patients [37]. The authors interpreted these cases as examples of
a tricyclic antidepressant causing “tardive dyskinesia,’’ but there was no
tardive relationship to the medication. They may represent a reaction to
the anticholinergic properties of amitriptyline. However, numerous cases
typical of tardive dyskinesia have emerged during the course of treat-
ment with TCAs other than amoxapine (amitriptyline, imipramine, doxepin,
and clomipramine), in patients with little or no exposure to neuroleptics
[2, 38].

Chorea is an extremely rare manifestation of acute tricyclic antidepressant
poisoning, but it has been well documented in two cases [39]. In both, the
chorea was temporarily relieved by intravenous physostigmine, suggesting
that it resulted from the anticholinergic effects of the antidepressant.

Myoclonus is a common manifestation of acute toxicity of MARU inhibitors
[40]. The association of myoclonus with tricyclic antidepressants in normal
therapeutic doses was studied prospectively by Garvey and Tollefson [41].
They found that treatment with such agents led to “clinically significant my-
oclonus’’ in 9 of 98 patients. In four patients the myoclonus took the form
of a peculiar sudden unsustained jaw closure that interfered with speech.
Three patients had disabling upper limb myoclonus; the other two devel-
oped severe nocturnal myoclonus. All experienced remission upon discon-
tinuation of the offending agent, and the five who subsequently restarted
the same drug all had a recurrence of the myoclonus. Thirty other patients
noted less severe lower limb jerking, yielding an overall incidence of drug-
induced myoclonus of 40% [41]. MARU inhibitor-induced myoclonus has
been associated with reversible increases in somatosensory evoked potential
amplitudes, suggesting cortical excitation or disinhibition as a pathogenetic
mechanism [42]. The neurochemical action of MARU inhibitors that can most
readily be implicated in the production of myoclonus is the potentiation of
serotonin.

Clomipramine was reported to induce vocal and motor tics in a young
patient with obsessive-compulsive disorder and schizoid personality. These
symptoms disappeared after discontinuation of the drug [43].
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Two cases link akathisia to nortriptyline administration. One patient devel-
oped akathisia after a dose increase from 50 to 100 mg per day. The second
patient developed symptoms described as “feeling racy and spacey’’ a few
days after starting therapy with nortriptyline (25 mg/day). When the daily
dose was increased to 100 mg, she experienced panic, which persisted when
nortriptyline was changed to fluoxetine. Both patients responded to propra-
nolol with no depressive effects noted [44].

Baca and Martinelli [45] reported one case of neuroleptic malignant syndrome
(NMS) in a woman taking desipramine with no previous or concurrent ex-
posure to neuroleptics. The patient developed the classic manifestations of
NMS including hyperthermia, muscular rigidity, altered mentation, tremor,
elevated creatine phosphokinase, and autonomic instability. She responded to
aggressive supportive care, dantrolene, and bromocriptine. NMS may be the
result of the imbalance in the central nervous system ratio of norepinephrine
to dopamine (NE/DA) [46]. Baca and Martinelli [45] hypothesized that, in
their case, desipramine promoted the activity of norepinephrine, increasing
the NE/DA ratio.

Serotonin-selective reuptake inhibitors (SSRIs)
The status of SSRIs as “drugs of choice’’ for depression has been accompanied
by increased reports of adverse events associated with their use including a
wide variety of movement disorders [23].

Tremor is the most common movement disorder caused by SSRIs, as is true of
TCAs. Tremor occurs as a dose-related side effect of all SSRIs in approximately
10% of individuals. Tremor may also complicate treatment with SSRIs as
a component of the serotonin syndrome [47], or as a manifestation of with-
drawal [48].

Acute dystonic reactions have been associated with fluoxetine [49, 50], parox-
etine [51], and sertraline [52, 53]. Meltzer et al. [54] reported a man with severe
bipolar depression who developed acute torticollis, jaw stiffness, and loss of
gait fluidity after 4 days of fluoxetine monotherapy. The patient’s serum pro-
lactin concentration increased markedly and the cerebrospinal fluid (CSF) ho-
movanillic acid concentration decreased. The acute dystonic reaction and the
parkinsonian symptoms responded well to trihexyphenidyl. After 2 days, the
anticholinergic treatment was withdrawn and no extrapyramidal symptoms
returned, despite continued fluoxetine treatment. The clinical and biochemical
findings suggested that a significant interaction between the central serotonin-
ergic and dopaminergic systems resulted in the dystonic reaction. Oculogyric
crisis and generalized chorea occurred in one patient 14 hours after a single
dose of 20 mg of paroxetine, and resolved with anticholinergic treatment [51].
Delayed mandibular dystonia occurred during fluvoxamine treatment in one
patient after 1 month [55], and in a second patient after 2 months [56]. In both
cases, the dystonia resolved with discontinuation of the drug.

Akathisia has been reported with fluoxetine [28], paroxetine [28], sertraline
[57], and fluvoxamine [2]. Lipinski et al. [58] proposed that fluoxetine induces
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akathisia through serotoninergic inhibition of dopaminergic neurons of the
ventral tegmental area. Bauer and colleagues [59] described two patients with
refractory depression treated with a combination of nortriptyline, high-dose
thyroxine, and thioridazine. Failure of response in one patient, and anticholin-
ergic side effects in the other, led to replacement of nortriptyline with fluoxetine
up to a dose of 80 mg per day. Both patients developed akathisia, which re-
solved with discontinuation of the fluoxetine. Subsequent administration of
paroxetine was well tolerated without recurrence of akathisia.

Drug-induced parkinsonism has been reported with the use of fluoxetine
[60], sertraline [61, 62], paroxetine [63], citalopram [64], and fluvoxamine
[65]. Di Rocco et al. [62] suggested that sertraline has a direct effect on
dopamine metabolism in the striatum, resulting in a parkinsonian syndrome.
After reporting a patient with parkinsonism induced by sertraline, they
conducted a small trial in which sertraline or placebo was administered
to two groups of six normal rats. In animals pretreated with sertraline,
the dopamine metabolites, homovanillic acid (HVA) and dihydroxypheny-
lacetic acid (DOPAC), and the serotonin metabolite 5-hydroxyindoleacetic
acid (5-HIAA), were significantly decreased compared to control ani-
mals.

Tardive dyskinesia, classically associated with neuroleptics, has been de-
scribed in relation to fluoxetine [2], sertraline [2], and paroxetine [66] use.
Many cases reported as examples of tardive dyskinesias did not document a
tardive relationship between the treatment and the involuntary movements.

A single case of neuroleptic malignant syndrome occurring 5 days after initiation
of fluoxetine has been reported [67].

Myoclonus has been associated with the use of sertraline [68], fluvoxam-
ine [69], and a combination of fluoxetine and trazodone [70]. Lauterbach [71]
described a 61-year-old man with Pick’s disease who developed “intermit-
tent rhythmic myoclonus’’ when treated with fluoxetine. The author advised
caution when prescribing fluoxetine to patients with degenerative dementias
as degeneration of the dorsal raphe nucleus, and depletion of telencephalic
serotonin, may unduly sensitize serotonin receptors.

Tics were also reported in single cases with the use of fluvoxamine [72] and
fluoxetine [73]. In both patients the tics disappeared once the medication was
discontinued.

Reversible dyskinesias, including lingual-facial-buccal dyskinesias, chor-
eiform movements, and limb-truncal choreoathetoid movements have been
described in multiple patients with the use of fluoxetine, fluvoxamine, sertra-
line, and paroxetine [2]. Generalized chorea was noted 3 days after a sertraline
dosage increase in an 86-year-old woman with prolonged prior exposure to
haloperidol without dyskinesias. The chorea resolved with withdrawal of ser-
traline and treatment with lorazepam [74].

Although not traditionally considered a movement disorder, the serotonin
syndrome often features myoclonus and may additionally include tremor,
ataxia, and muscle spasms [47]. The association of serotonin syndrome with a
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combination of SSRIs and selegiline in patients with PD is rare [75], but may
be fatal [76].

Nocturnal bruxism has been reported with the use of fluoxetine [77], sertra-
line [77], and citalopram [78]. Romanelli et al. [79] described a patient who
complained of “gritting’’ of her teeth and “tenseness’’ in her jaw each morn-
ing 5 months after starting paroxetine treatment for depression. The etiol-
ogy of SSRI-induced bruxism remains unclear, but several theories have been
proposed, including the effects of these medications on sleep, dopaminergic-
serotoninergic imbalance, and activation of anxiety [77, 80].

Atypical antidepressants
Lu et al. [81] reported a 63-year-old man who developed upper extremity dys-
tonia 10 days after he started mirtazapine (15 mg/day). His symptoms resolved
completely once the medication was discontinued. Bupropion has also been
associated with dose-related dystonic reactions, described as bilateral trismus,
inability to rotate the head laterally, and spontaneous left temporomandibular
joint dislocation [82]. Acute akathisia developed in two patients while taking
mirtazapine. In one patient the akathisia responded well to clonazepam. In
the second, symptoms disappeared with discontinuation of the medication,
but reappeared when mirtazapine was reintroduced [83].

Two cases of trazodone-induced parkinsonism have been reported [84, 85].
Venlafaxine was also reported to induce dose-related and reversible parkin-
sonism [86]. Szuba and colleagues [87] reported two elderly patients who de-
veloped difficulty in walking and falling backward while on bupropion. One
also displayed a paucity of movement, and a shuffling, “magnetic’’gait. Symp-
toms resolved after discontinuing bupropion. The authors hypothesized that
this side effect may be mediated through dopaminergic effects in the basal
ganglia. A 45-year-old man with severe depression and anxiety developed
tremor, nausea, micrographia, and shuffling gait, when bupropion was added
to his therapy with nefazodone. These symptoms resolved over 10 days, once
bupropion was discontinued [88].

A single dose of venlafaxine was also reported to precipitate a neuroleptic
malignant syndrome in a patient receiving trifluoperazine [89].

Trazodone has been linked to a reaction consisting of oromandibular and lin-
gual dyskinesias, and dystonic posturing of the limbs [90]. The movement dis-
order began after 2 months of gradually increasing the dosage of trazodone to
400 mg per day, and resolved 2 weeks after cessation of trazodone therapy.

The use of bupropion was associated with intermittent attacks of “ballism’’
in a 42-year-old woman [91]. These movements consisted of involuntary
gross axial flexion and slapping of the hands and legs. These episodes lasted
5–10 seconds, and occurred 10 to 15 times per hour. When bupropion was
discontinued, and haloperidol and oxazepam were given, the movements di-
minished.

Mirtazapine-induced restless legs syndrome has also been described [92].
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In one reported case [93], trazodone was associated with serotonin syndrome,
manifested by muscular rigidity, myoclonic jerking, and pronounced rest-
ing tremor. The tremor and rigidity resolved when trazodone was discon-
tinued, but a parkinsonian gait, frequent falls, fluctuating disorientation, and
visual hallucinations persisted. Mirtazapine has also been associated with sero-
tonin syndrome, including oral dyskinesias, generalized tremors and ataxia,
after titration from 7.5 mg to 15 mg daily in one patient. Withdrawal of
the drug resulted in rapid resolution with only residual hypertonia after 2
weeks. The hypothesized pathophysiologic mechanism was overstimulation
of serotonin-type IA receptors in the brainstem and spinal cord [94]. A patient
developed serotonin syndrome when he received a single dose of venlafax-
ine, 16 days after selegiline was discontinued [95].This case highlights the
importance of the “washout period’’ recommended for conventional MAO
inhibitors (typically 14 days), after which it is assumed that an antidepres-
sant with serotonergic properties can be safely prescribed. Under certain cir-
cumstances, not yet defined, the washout period might need to be of greater
length.

Nocturnal bruxism has been described with the use of venlafaxine, in which
case it responded to gabapentin [96].

Monoamine oxidase (MAO) inhibitors

Tremor is a common complication of treatment with MAO inhibitors. Evans
and colleagues [97] prospectively analyzed the side effects in 41 patients given
phenelzine for depression. They found a 15% incidence of tremor, which was
roughly comparable to the 21% incidence detected in another group treated
with imipramine. The mechanism for the production of tremor is unknown.
Two cases of parkinsonism that resolved upon discontinuation, have been as-
sociated with trials of phenelzine [98, 99].

Zubenko et al. [100] described a case of tranylcypromine-induced akathisia
in a 32-year-old woman with dysthymic disorder.

Tranylcypromine was reported to produce truncal dystonia within 3 days
of initiation of treatment in one patient [101]. The dystonia did not re-
solve with intramuscular benztropine, but did upon discontinuation of the
MAO inhibitor, and then recurred after a rechallenge with tranylcypromine.
However, the same patient had a truncal dystonic reaction to propranolol,
and so the specificity of the response to MAO inhibition must be ques-
tioned.

Lieberman and colleagues [102] reviewed the subject of myoclonus induced
by MAO inhibitors. They concluded that this was a common side effect that was
chiefly manifested as twilight or nocturnal myoclonus, but daytime myoclonus
(i.e., during full alertness) occurred as well. Myoclonus may be brought out
by adding the serotonin precursor L-tryptophan to MAO inhibitor therapy
[103, 104]. However, this combination may also have antimyoclonic properties
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when given to patients with postanoxic action myoclonus. Further evidence of
the role of serotoninergic mechanisms in MAO inhibitor-induced myoclonus
comes from a case report where methysergide, a serotonin antagonist, brought
relief of symptoms [105].

Concomitant administration of tranylcypromine and lithium was associated
with the development of buccolingual-masticatory syndrome in two patients with
no prior history of neuroleptic use [106].

Electroconvulsive therapy

ECT was associated with the development of persistent tardive dyskinesia in
three patients with ongoing or recent neuroleptic use [107]. In three pa-
tients with little, no, or only remote exposure to antidopaminergic drugs, ECT
brought out orofacial dyskinesias that resolved spontaneously in 2 weeks to 6
months [108]. ECT has been identified as a risk factor for tardive dystonia [109],
but this association was based on particularly meager data. ECT used as ad-
junctive therapy for schizophrenia has actually been associated with a lower
prevalence of tardive dyskinesia, possibly by sparing patients from higher
doses of neuroleptics [110].

Contrary to its usually beneficial effect in PD, a patient with schizoaffective
disorder and neuroleptic-induced parkinsonism manifested a marked increase
of parkinsonian symptoms plus dystonia after ECT [111].

Brief post-ECT asterixis in one patient led to a search for metabolic disorders
and an eventual diagnosis of primary hyperparathyroidism [112]. Given their
relative rarity, post-ECT movement disorders should prompt a careful review
of the preanesthetic and anesthetic drugs employed.

Lithium

Lithium carbonate is a standard therapy for the treatment of acute mania as well
as bipolar disorders. Potential side effects are common, largely because of its
narrow therapeutic window [113]. At concentrations exceeding 1.5 mmol/L,
patients may become ataxic, hypertonic, hyperreflexic, dysarthric, and con-
fused. At lithium concentrations greater than 3 mmol/L, clinical deterioration
may progress to seizures, coma, and irreversible brain damage. The most com-
mon causes of lithium intoxication are deliberate ingestion while attempting
suicide, and acute water and electrolyte disturbance in a patient undergoing
long-term treatment [114].

Like the tremor induced by TCAs, that associated with lithium use, is thought
to represent an enhancement of physiological tremor. Its occurrence rate and
severity increase with higher serum levels of lithium. Estimates of its incidence
vary because of differing doses used or because of coadministration of other
tremor-producing drugs, but generally fall in the range of 33% to 65% [115]. The
mechanism of tremor amplification may involve β2-adrenergic hyperactivity,
as suggested by the greater response of the tremor to metoprolol given at
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nonselective doses, and to propranolol given at β1-receptor-selective doses
[116]. Lithium-induced tremor may improve in response to a variety of beta-
blockers or from dosage reduction. In a double-blind study, Zaninelli et al.
[117] assessed tremor in lithium-maintained patients during treatment of major
depression with either paroxetine or amitriptyline. The authors found that
tremor increased significantly during therapy to a comparable degree with
either antidepressant.

Patients have experienced permanent neurological deficits after episodes of
lithium intoxication [113, 118]. The clinical picture includes encephalopathy,
memory loss, hypokinesia, rigidity, mutism, muscular twitches, ataxia, nystag-
mus, scanned speech, and hyperreflexia. Unfortunately, in most of the cases
reported the patients were concomitantly receiving different antipsychotics,
including haloperidol or chlorpromazine. Apte and Langston [113] described
a 38-year-old man with depression on no other psychoactive medication who
took an overdose of lithium leading to markedly elevated serum lithium lev-
els. He developed parkinsonism accompanied by athetosis and later ataxia. An
athetotic cerebellar syndrome persisted during 18 months of observation. A 71-
year-old man with mania suffered a lithium-induced encephalopathy that re-
sponded to chlorpromazine. Later, lithium was restarted with close serum level
monitoring. After remaining fairly stable for 7 years, he developed dysarthria,
masked fascies, drooling of saliva, a stooped posture, increased muscle tone,
hyperreflexia, and a coarse tremor. Postmortem examination revealed signifi-
cant cerebellar cortical atrophy, with marked loss of Purkinje cells and astro-
cytic proliferation, but no basal ganglia abnormalities. The authors suggested
that the cerebellar degeneration could be directly attributed to the toxic effect
of high lithium levels on the central nervous system [119]. Schou [120] has
demonstrated in adult albino rats that concentrations of lithium in the brain
are higher than in the serum within 24 hours of initiation of treatment.

Several other cases of parkinsonism due to lithium have been documented
[121, 122]. Its occurrence may be related to the serum lithium level [122].
One case responded to pramipexole but not to levodopa [121]. Muthane
et al. [123] reported a 65-year-old female treated for manic-depressive psy-
chosis who after a brief exposure to lithium, developed persistent parkinson-
ism, akathisia, and orofacial dyskinesia. There was no history of neuroleptic
use. Her symptoms persisted despite discontinuation of lithium, and treatment
with trihexyphenidyl and amantadine. “Cogwheel rigidity’’ was the subject of
a report associating it with lithium therapy, in which it was categorized as a
form of extrapyramidal disorder [124]. The term actually represents a fusion of
two distinct clinical findings, cogwheeling and rigidity. The latter is clearly a
manifestation of basal ganglia disease, but the cogwheel phenomenon is a sign
associated with the presence of an action tremor [125, 126]. It is commonly
found in patients with essential tremor [127] who have no abnormalities of
muscle tone.

Chorea has been reported as a side effect of lithium in a small number of pa-
tients, possibly as a result of anticholinergic activity. In one case, the movement
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disorder recurred with haloperidol treatment [128]. In another case, the patient
had been treated with antidopaminergic drugs intermittently for 6 years, and
the chorea persisted for 3 months after lithium was stopped [129]. Thus, there
is some question whether lithium directly caused the chorea or precipitated
the emergence of tardive dyskinesia. The latter conclusion conflicts with ex-
perimental evidence suggesting a protective effect of lithium against tardive
dyskinesia [130]. Chorea was reported in one patient with no psychiatric his-
tory who became toxic from lithium sulfate taken as a sodium-free salt sub-
stitute [131]. Two cases of lithium poisoning [132] were interpreted elsewhere
[129] as examples of chorea associated with lithium. However, the descrip-
tions are limited to “twitches of the small muscles of the hand and face’’ that
were accompanied by jerking of the whole limbs. There was no clear reason to
have segregated these two cases from the other four in the report, all of whom
evidently had myoclonus.

Lithium frequently causes myoclonus as a toxic manifestation or, at times,
with therapeutic serum levels [133]. This is likely related to enhancement of
serotoninergic activity. The myoclonus reported to occur in one patient as a
result of combined treatment with TCAs and lithium was clearly related to
the initiation of lithium, and its cessation was just as clearly related to discon-
tinuation of the drug. The author’s contention that the abolition of myoclonus
was prompted by a switch in tricyclics ignored the prolonged excretion time
of lithium (10–14 days), which was stopped 3 days earlier [134]. Caviness et al.
[135] reported that lithium could be associated with cortical action myoclonus
without the presence of epileptiform abnormalities on a routine electroen-
cephalogram (EEG). Lithium aggravated nocturnal myoclonus, and restless
legs syndrome in a 48-year-old woman with mania [136].

Oculogyric crises were noted in a patient who was taking lithium in addition
to a longstanding regimen of haloperidol and amitriptyline [137]. Lithium ther-
apy may be a contributing factor to the development of neuroleptic malignant
syndrome in patients receiving antipsychotic agents, as these drugs may increase
lithium levels [138]. A cross-sectional study of parkinsonism and tardive dysk-
inesia in lithium-treated patients with affective disorders confirmed that the
combination of lithium and a neuroleptic is associated with a higher prevalence
of movement disorders, including tremor and hypokinesia, than either agent
alone [139]. The authors also observed the presence of dyskinetic movements
in approximately 14% of lithium-treated patients more than 6 months after
the discontinuation of any previous neuroleptic therapy. They suggested that
lithium might exacerbate the vulnerability of patients with affective disorders
to dyskinesias.

Effects of antidepressant therapy on movement disorders

Depression is a common feature of a number of basal ganglia disorders, par-
ticularly Parkinson’s disease (PD) and Huntington’s disease. For the most
part, the management of depression is identical to that used for patients with
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Table 15.4 Treatment of movement disorders with antidepressants

Treatment Movement disorder Results

Tricyclic � Parkinsonism Improved
antidepressants � Tics Mixed

� Dystonia Rare benefit
� Dyskinesia Improved

Serotonin-selective � Parkinsonism Mixed
Reuptake inhibitors � Myoclonus Improved

� Tics Improved
� Huntington’s Mixed

Mirtazapine � Tremor Improved
Trazodone � Tardive dyskinesia Improved
Bupropion � Parkinsonism Improved

� Periodic leg movements Improved
� Tourette syndrome Mixed

Nefazodone � Parkinsonism Worsened
� Myoclonus Improved

Monoamine oxidase � Postanoxic myoclonus Improved
Inhibitors � Huntington’s chorea Improved
Electroconvulsive therapy � Parkinsonism Improved

� Tics Improved/no effect
� Dystonia Improved
� Tardive dyskinesia Mixed

Lithium � Parkinsonism Mixed
� Tourette syndrome Mixed
� Dystonia Improved/mixed
� Tardive dyskinesia No effect/worsened
� Huntington’s Mixed

Note: Only those movement disorders in which an effect was seen are displayed.

pure affective disorders. One important exception is the use of nonselective
MAO inhibitors in PD. Although these drugs have been used in hopes of im-
proving parkinsonism in the past, the strong potential for hypertensive crises
contraindicates their application to patients treated with other dopaminergic
agents.

This section will focus on the influence of antidepressant therapies on pa-
tients with established movement disorders (Table 15.4). As with the literature
concerning antidepressant-induced movement disorders, a note of caution is
in order. There have been very few controlled clinical trials, and there is a wide
range of neurological sophistication among authors of case reports reviewed
in this section.

Parkinsonism

Depression is the most frequent psychiatric complication in PD [140, 141].
The biochemical mechanisms underlying depression in this group of patients
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have been linked to a variety of neurotransmitter abnormalities, including
dopamine and serotonin [142, 143].

Largely because of their known anticholinergic effects, it was not long after
their introduction that MARU inhibitors were thought to be potentially use-
ful for Parkinson’s disease. Current data suggest that TCAs are efficacious in
the treatment of depression in PD, but study designs of published trials in-
volving TCAs have been appropriately criticized as inadequate [144]. Relief
of parkinsonism by imipramine was first reported in a 1959 open-label study
[145]. There were numerous confirmatory case reports, and the findings were
substantiated by the results of a 1965 double-blind trial in which 63% of pa-
tients receiving imipramine improved versus 16% of placebo-treated patients
[146]. The population studied included postencephalitic and “arteriosclerotic’’
patients, as well as those with idiopathic parkinsonism, and there was no
therapeutic difference among the groups. Response to imipramine was inde-
pendent of the response to depression. Desipramine was also found to have
significant symptomatic benefit for PD patients in a double-blind placebo-
controlled study [147]. Ten of the 16 patients improved, but it was not stated
how many of them were depressed. A double-blind, crossover study involv-
ing 22 depressed patients with levodopa-treated PD found that nortriptyline
was superior to placebo in treating depressive symptoms, but had little ef-
fect on motor signs [148]. Amoxapine should be avoided in PD, as one of its
metabolites, 7-hydroxyamoxapine, is a potent dopamine receptor blocker and
can worsen this movement disorder [149].

SSRIs have been reported to be useful in the treatment of depres-
sion in patients with PD. In this context, two principles are important.
First, most SSRIs are metabolized by the cytochrome P450 enzyme sys-
tem, and can interfere with the clearance and toxicity of other medica-
tions, such as tricyclic antidepressants that are metabolized through the
same route [4, 144, 150]. Second, selegiline should not be used concomi-
tantly with either SSRIs or TCAs, as it loses its selectivity at higher doses,
and can induce serotonin syndrome [144, 149]. This is an extremely rare
occurrence and very often selegiline has been used in combination with
SSRIs in patients with PD. Multiple reports have described worsening of
parkinsonian motor symptoms after the use of SSRIs [63, 151–153], but this
finding has not been universal [154–156]. An open-label prospective study
[155] evaluated 52 nondemented, nonfluctuating, depressed patients, with
PD who were treated with SSRIs (fluoxetine, fluvoxamine, sertraline, or
citalopram) for depression. There was significant improvement in depressive
symptoms without deterioration in parkinsonism. A low likelihood of aggra-
vating parkinsonism was also found in a retrospective study of 58 patients
with PD treated with SSRIs, mainly sertraline [157].

The mechanism by which SSRIs might interact with motor performance
is controversial. It has been suggested that depressed patients with PD may
represent a subgroup of PD with a different neurochemical substrate [155].
The cerebrospinal fluid content of 5-HIAA is lower in depressed than in
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nondepressed patients with PD [158], and neuronal density in the dorsal raphe
nucleus is more severely reduced in depressed than in nondepressed patients
with PD [159]. Caley and Friedman [15] retrospectively reviewed medical
records of 23 outpatients with PD who were treated with fluoxetine up to
40 mg per day. The parkinsonism of three patients worsened to a mild de-
gree, while 20 patients experienced no worsening at all. It was not established
whether the declines were due to fluoxetine treatment or to progression of
the disease. A prospective open-label study [153] of 65 patients with PD and
depression, treated with paroxetine (10–20 mg/day) and followed up for at
least 3 months, showed overall good tolerability. Thirteen patients (20%) dis-
continued the medication within the first 30 days of treatment, two because of
increased “off’’ time and exacerbation of parkinsonian tremor. This study sup-
ports a previous observation that SSRI-induced parkinsonism occurs within
the first month of treatment [28]. Overall, one may conclude that SSRI-induced
parkinsonism is an idiosyncratic response, and patients are most vulnerable
during the first month of therapy. Citalopram was found to significantly im-
prove bradykinesia and finger taps in patients with PD with and without
depression [156]. Citalopram does not inhibit cytochrome P450 isoenzymes
[160, 161], and therefore would not interfere with other drugs, including anti-
cholinergics [156].

Comparatively little is known regarding the effects of atypical antidepressants.
A study of 20 patients with PD given bupropion found that half experienced
improvement of 30% or greater in their symptoms [162]. Mirtazapine may
reduce the resting tremor of PD [163]. Mirtazapine was also reported to in-
duce psychosis when added to chronic levodopa therapy in a patient with
PD [164]. Mirtazapine induced rapid eye movement (REM) sleep behavior
disorder in four patients with parkinsonism, which resolved once mirtaza-
pine was discontinued [165]. Nefazodone reportedly aggravated PD in one
patient [166].

Since early reports in the 1940s and 1950s, ECT has repeatedly been shown to
improve the motor manifestations of PD. This benefit has stood up to double-
blind random scrutiny [167]. All manifestations of PD, including tremor, ap-
pear to share equally in the effects of ECT. Levodopa-related fluctuations may
be eliminated [15, 167]. In some patients the improvement appears to be tran-
sient, while in others it may last for 6 months or more [15, 168, 169]. Older
patients might experience a more robust response to ECT [15, 168, 170]. Faber
and Trimble [171] reviewed 27 publications, mostly case reports or case series,
on ECT and PD with and without psychiatric comorbidity. The results were
overall favorable with consistent descriptions of improvement in motor symp-
toms. The authors recommended (1) bilateral ECT (up to eight treatments) for
those patients with PD who have an unsatisfactory response to conventional
treatment, and (2) maintenance ECT for those patients who showed significant
improvement lasting for at least 1 month. ECT should be used with caution
in patients with dementia because of the potential for worsening of cognition
and the risk of delirium [172].
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As with the MARU inhibitors, there is some controversy regarding whether
the benefit of ECT in PD is a direct result of the treatment or a secondary
effect of treating depression. It has been argued that depression may worsen
parkinsonism, and its treatment may thus produce relief from its manifesta-
tions [173, 174]. Differentiation between parkinsonism and the psychomotor
retardation of depression may cause diagnostic confusion; yet there are several
reasons to believe that ECT has a direct effect on parkinsonism. In depressed
patients with PD, there is often dissociation between the effects on motor man-
ifestations and mood. Parkinsonism may improve before depression [68, 175],
or there may be a clear motor response in the absence of detectable affective
benefit [176]. Manic PD patients treated with ECT have also shown improve-
ment in their parkinsonian symptoms and signs [177, 178]. ECT may provoke
dyskinesias that resolve with the reduction of antiparkinsonian medications
[167, 168]. This supports a direct action on dopaminergic systems rather than
an indirect effect of mood elevation.

ECT may also relieve drug-induced parkinsonism, whether administered
therapeutically [179–183] or prophylactically [184]. A study of 35 neuroleptic-
treated schizophrenic patients, who previously received or were receiving
adjunctive bilateral ECT, suggested that it may have protective effects against
neuroleptic-induced parkinsonism, and may reduce the risk for the develop-
ment of tardive dyskinesias [185]. The prophylactic benefit of ECT was in-
dependent of neuroleptic dose, indicating that this was not simply due to a
“sparing’’ effect, in contrast to the possible protective role of ECT in tardive
dyskinesia. Two patients had a fine tremor of the hands and only one met the
criteria for probable mild tardive dyskinesia. The authors hypothesized that in
the absence of any other obvious explanation, adjunctive ECT at the initiation
of neuroleptic treatment may have prevented the development of neuroleptic-
induced parkinsonism. A limitation of this study was the lack of a matched
control group of neuroleptic-treated patients who did not receive ECT [185].
Hanin et al. [111] described an unusual negative effect of ECT on drug-induced
parkinsonism and tardive dystonia, with a worsening of these symptoms after
ECT.

Both depression and parkinsonian symptoms in patients with multiple sys-
tem atrophy may respond to bilateral ECT [186]. Other authors have suggested
that ECT can be a safe and effective tool in the treatment of depression in MSA
[187].

Theoretically, ECT could also benefit patients with progressive supranuclear
palsy (PSP). Barclay et al. [188] found limited usefulness of ECT in five patients
with PSP who each received nine treatments and an apomorphine challenge.
One patient experienced a dramatic benefit, two improved mildly, and two
were unchanged. However, the authors concluded that the long hospitalization
required, and posttreatment confusion, limited the usefulness of this tool. ECT
improved depression in a 68-year-old woman with PSP with no effect on her
neurological symptoms [189].
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Lithium was reported to reduce “off’’ periods by greater than 60% in four of
five patients with levodopa-related fluctuations [190]. Three of these suffered
increased dyskinesias. However, a trial of lithium in 12 patients with fluc-
tuations produced improvement in only three, and this was transient [191].
Lithium was found to increase akinesia and decrease dyskinesias in two other
patients [192]. A similar trial failed to show a reduction in dyskinesias [193].

In a larger study, 21 patients showed no significant change in their parkin-
sonism or dyskinesias [194]. Lithium has been reported to decrease painful
“off’’-period dystonia, verified by a double-blind placebo-controlled trial in
seven patients [195].

Myoclonus

There is considerable speculation but little evidence that inhibition of sero-
tonin reuptake by MARU inhibitors, and particularly SSRIs, may improve
postanoxic action myoclonus (PAAM). Paroxetine was beneficial in one pa-
tient with PAAM [196]. In two patients with “intention’’ myoclonus respon-
sive to L-5HTP and carbidopa, fluoxetine reduced the required dose of
L-5HTP to approximately one third, decreasing side effects and increasing
antimyoclonic activity [197]. Incidentally, nefazodone improved myoclonus
in familial myoclonus-dystonia syndrome with panic attacks [198].

MAO inhibitors have been used successfully to treat PAAM. Iproniazid was
reported to produce significant improvement in one case, although not as
much as L-5-HTP [199]. Phenelzine has also been of benefit in one case [200].
Isocarboxazid given alone showed slight or no effects in four patients with
action myoclonus, but potentiated improvement when combined with tryp-
tophan [201]. A fifth patient with strictly spontaneous myoclonus showed no
benefit from either or both drugs.

Periodic leg movement disorder improved after treatment with bupropion
for ADHD in a 14-year-old girl [202].

Tremor

The widespread recognition of tremor as a side effect of MARU inhibitors has
undoubtedly dimmed enthusiasm for investigating their potential therapeutic
effects. A report of two patients whose essential tremor improved with tra-
zodone [203] prompted a double-blind placebo-controlled investigation [204].
Ten patients experienced no significant subjective or objective amelioration of
either the postural or kinetic components of their tremor. It was concluded
that a serotonergic deficit probably does not play a role in the pathogenesis of
essential tremor.

Mirtazapine was reported to improve resting tremor in PD, essential tremor
(ET), and levodopa-induced dyskinesias in five patients [163]. The effect on
tremor was confirmed in an open-label trial involving 26 patients [205].



392 Chapter 15

However, of 13 patients with ET completing a double-blind crossover placebo-
controlled trial, 10 were unchanged [206]. Two experienced only moderate
benefit and one marked benefit from mirtazapine.

Tics and Tourette’s syndrome

TCAs have been found effective in some children with Tourette’s syndrome
(TS). Desipramine improved both attention deficit hyperactivity disorder
(ADHD) and tics in 33 patients [207]. Similar findings were reported by the
same authors when studying nortriptyline [208]. A double-blind placebo-
controlled trial [209] studied desipramine in 41 children and adolescents with
chronic tic disorders and comorbid ADHD. Desipramine (mean total daily
dose 3.4 mg/kg/day) significantly reduced motor and vocal tics and core
symptoms of ADHD. However, it may alter heart rate and blood pressure,
and patients should be screened for cardiovascular risk before administration
of this drug [209]. Clomipramine induced a full-blown picture of TS in a 29-
year-old man with schizoid personality, simple motor tics, and severe OCD.
When clomipramine was discontinued, the vocal and motor tics disappeared,
but the original eye blinking persisted [43].

In an 8-week open trial [210], the SSRIs, citalopram and fluvoxamine, were
well tolerated in 6 children with TS. The group treated with citalopram showed
a significant improvement in motor and vocal tics over time. Buckingham and
Gaffney [211] reported that sertraline was efficacious in the treatment of motor
and vocal tics, and obsessions, in a 15-year-old patient with TS who had failed
treatment with clonidine, pimozide, and haloperidol. With less effect than flu-
oxetine on the cytochrome P450IID6 system, and a shorter half-life, the authors
suggested that sertraline may offer certain advantages over fluoxetine in TS pa-
tients. Fluoxetine was reported to improve obsessive-compulsive symptoms,
without major effects on tics in two different studies involving patients with
TS [212, 213]. By contrast, there are also reports of the worsening of tics with
the use of SSRIs [214]. Paroxetine exacerbated tics in a 12-year-old boy treated
for depression [215].

Initial reports of the use of bupropion in TS suggested it might be a useful
alternative tool for the treatment of ADHD, especially in patients who could not
tolerate or have responded poorly to stimulants [216, 217]. However, Spencer
et al. [218] reported a group of four children with ADHD and comorbid TS in
whom treatment with bupropion exacerbated the tics within weeks to months.

ECT had no effect on TS in two patients [219, 220], but one patient who de-
veloped a disabling complex motor tic at the age of 59 years in association
with severe depression experienced a complete resolution of both conditions
following four bilateral and six unilateral treatments [221]. Similarly, Rapoport
et al. [222] described a woman with preexisting TS, latent for years that was
exacerbated with the onset of a major depressive episode. Both her depres-
sion and tics completely remitted after eight sessions of right unilateral ECT.
Hypotheses to explain this finding included improvement of emotional stress
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associated with her depression that could have exacerbated her tics, and in-
creased serotoninergic tone after ECT.

Lithium has had mixed effects on the manifestations of TS, producing im-
provement in some cases [223–225], but worsening in others [226].

Dystonia

In a retrospective study of patients with dystonia, only one of 25 patients was
found to have a “good response’’ to treatment with TCAs [227]. In a ques-
tionnaire study, 200 patients with spasmodic torticollis, blepharospasm, or
hemifacial spasm rated botulinum toxin as having a “good effect,’’ and citalo-
pram and physical therapy as having a moderate effect. All other therapies
were felt to convey minimal benefit [228].

ECT was reported to induce complete remission in a patient with tardive
dystonia [229], and a marked, though transient, improvement in another [230].
ECT improved parkinsonism-dystonia in one patient after nine sessions [231].
However, ECT also had negative effects in a patient with schizoaffective disor-
der and neuroleptic-induced parkinsonism, with marked worsening of parkin-
sonian symptoms and dystonia after treatment [111].

Individual cases of improvement of spasmodic torticollis or segmental dys-
tonia with lithium have been reported [232–234]. However, in an unselected
group of nine patients, there was no objective improvement [235]. In a group of
14 dystonia (not further qualified) patients, only one enjoyed a “good response’’
[227]. By contrast, lithium was found to show marked (persistent for greater
than 3 months) improvement in 9 of 34 patients with cranial-cervical dystonia
so treated; an unsustained benefit was noted in a further study of 17 patients
[236]. The same group of investigators has found that lithium enhances the
response of cranial-cervical dystonia to tetrabenazine [237]. A double-blind
placebo-controlled study of six patients with various forms of dystonia found
no benefit in any patients [238].

Tardive dyskinesia

Desipramine and trazodone reportedly improved oral-lingual-facial dyskinesias
in two patients [239]. The authors proposed that antidepressants mayimprove
dyskinesias by decreasing the number and density of beta-adrenergic recep-
tors, which inhibit norepinephrine-stimulated release of dopamine. Amoxapine
was found to temporarily suppress tardive orofacial dyskinesias, described as
teeth grinding and blinking. However, symptoms recurred once amoxapine
was discontinued [240]. This case again emphasizes the neuroleptic properties
of this drug.

Korsgaard and colleagues [241] studied the effects of citalopram in 13 psychi-
atric patients with tardive dyskinesia, 11 of whom also had neuroleptic-induced
parkinsonism. There was no significant benefit for dyskinesia, but no adverse
effects occurred. The authors suggested that citalopram may be useful in the
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treatment of depressed patients who also have TD. Trazodone showed a pos-
sible beneficial effect in the treatment of tardive dyskinesias in a double-blind
placebo-controlled trial [242].

ECT has been reported to improve [181, 243], worsen [180], or have no effect
on TD [244, 245]. Lithium has been reported to aggravate tardive dyskinesia
[246], and to attenuate the salutary effects of reserpine [247]. More often, it has
been found to have a beneficial effect that may be mild [248], or marked [249,
250]. However, a double-blind, placebo-controlled study of 11 patients showed
no effect of lithium on this movement disorder [251].

Huntington’s disease

Fluoxetine was reported to improve obsessive-compulsive symptoms in two
patients with Huntington’s disease [252]. However, it has also been associated
with the exacerbation of the chorea [253]. Sertraline improved aggressiveness
and severe irritability in two patients with HD [254], and improved obsessive-
compulsive symptoms in a third patient [255].

Mirtazapine successfully treated depression in a 32-year-old woman with
Huntington’s disease after a suicidal attempt [256].

MAO inhibitors were reported to reduce the severity of chorea in two patients
with Huntington’s disease, simultaneously with an improvement in their affec-
tive state [257]. The observed benefit on chorea was contrary to the expected
result of using agents known to increase brain dopamine levels, and it was
attributed to “a consequence of mental well-being’’ rather than a direct effect
of the drugs.

Lithium has been used to treat the chorea of Huntington’s disease. In one
study [249], there was a “striking reduction of hyperkinetic symptoms’’ in
three of six patients. In another report [258], treatment with lithium produced
a 40% to 50% improvement in chorea, as measured by a “ brachio-kineso-
meter,’’ in three of four patients with Huntington’s disease. However, when
examined in a double-blind, placebo-controlled fashion, lithium has not pro-
duced improvement in chorea [259–261]. A patient with hemichorea also failed
to improve with lithium [235]. In a rat model of Huntington’s disease, lithium
appeared to be neuroprotective against striatal lesion formation when given
16 days prior to the infusion of quinolinic acid into the striatum [262].

ECT was shown to be beneficial for the management of chorea [263], and
depression [264, 265] in patients with Huntington’s disease.

Conclusion

What are we to make of this hodge-podge of mostly anecdotal reports and
open-label trials? Some trends emerged from the reports reviewed here,
prompting us to draw the following conclusions.
1. Reports of effects of SSRIs have mushroomed in number during the past
decade, while reports related to MAO inhibitors have almost vanished. This
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undoubtedly reflects practice and prescription patterns; the new replaces the
old. In the near future, clinicians should expect to see more patients with
adverse effects from SSRIs than any other category of antidepressant treatment.
2. Tremor remains the most common movement disorder caused by antide-
pressant drugs, including lithium. Myoclonus is also a common side effect. Mir-
tazapine is the only antidepressant that does not cause or aggravate tremors.
In some cases of either resting or action tremors, it may have an ameliorative
effect.
3. Movement disorders commonly associated with neuroleptic treatment in-
cluding acute dystonic reactions, akathisia, parkinsonism, tardive dyskinesia
and neuroleptic malignant syndrome, may occur as complications of antide-
pressant drug therapy, but only rarely. Amoxapine should be avoided as an
antidepressant because it is a much more likely offender in this regard than
other MARU inhibitors.
4. Rare permanent neurologic deficits may occur as a consequence of treatment
with MARU inhibitors (tardive dyskinesia) or toxic levels of lithium (cerebellar
degeneration).
5. Parkinson’s disease may improve as a result of treatment with ECT, or rarely
with TCAs or lithium. For ECT, there is good evidence that this is a direct effect
rather than mediated by alleviation of a mood disorder. Parkinsonism may be
caused or aggravated by SSRIs, but the risk of this is quite low. Overall, because
of other advantages, SSRIs are the first line of therapy for depression in patients
with PD, as they are in those without PD.
6. Apart from Parkinson’s disease, there is only anecdotal evidence that an-
tidepressant therapies are effective treatments for movement disorders.

The frequently conflicting reports of the effects of antidepressant medica-
tions underscore the complex biochemical natures of movement disorders and
the variety of neurotransmitter changes that can be brought about by a sin-
gle drug. For example, lithium may cause or aggravate parkinsonism, tardive
dyskinesia, or tics in some patients while ameliorating them in others. They
also emphasize that we must consider that multiple pathophysiological pro-
cesses underlie the expression of many movement disorders. It is hoped that
study of the effects of antidepressants selective for various neurotransmitter
pathways will provide keys to understanding the neurochemical bases of both
depression and movement disorders, and lead to improved treatment for both
patient populations.
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CHAPTER 16

Antiepileptics

John C. Morgan and Madaline B. Harrison

Antiepileptic drugs (AEDs) have been in use since bromides were first em-
ployed to treat epilepsy in the 19th century [1]. Today, phenobarbitone (PB),
phenytoin (PHT), carbamazepine (CBZ), and valproate (VPA) have become
the most commonly used AEDs. While these four AEDs were introduced over
a period of 120 years after bromides were first used to treat epilepsy, the arma-
mentarium of AEDs has almost doubled in the past 10 years. Table 16.1 lists
the major oral AEDs approved for use in the United States today.

With some exceptions (ataxia with PHT, tremor with VPA), movement disor-
ders are relatively rare in patients using these drugs. While AEDs are increas-
ingly used to treat movement disorders (e.g., primidone (PRM) in essential
tremor, gabapentin (GBP) in essential tremor restless legs syndrome), it is im-
portant to recognize that movement disorders can occur during treatment with
AEDs, particularly in the setting of polypharmacy. In this chapter we will focus
on movement disorders associated with the use of AEDs based upon a review
of the English language literature.

Ataxia

Ataxia is the most common movement disorder that occurs in patients taking
AEDs. It can develop in the setting of oral or intravenous loading, as a sign of
toxicity, or less commonly as a side effect of chronic treatment. Ataxia occurs
most often in the setting of acute intoxication and PHT and CBZ are the two
AEDs most commonly implicated. A review of 85 cases of PHT intoxication
in a general hospital revealed ataxia in 88% of the cases with a median serum
PHT level of 46.5 μg/mL (range 30.3–95.0) [2]. The majority of the patients
was receiving increased oral doses or intravenous loading for single seizures
secondary to subtherapeutic serum PHT levels [2]. While the outcome in these
patients is usually good with the resolution of ataxia after the responsible
drug is metabolized to nontoxic levels, some patients develop chronic com-
plications. Prolonged treatment with high doses (or serum levels) of PHT has
been associated with irreversible ataxia and cerebellar atrophy in multiple re-
ports in both children [3, 4] and adults [5–7]. Whether ataxia and cerebellar
atrophy are due to the effect of epilepsy on the cerebellum or due to PHT itself
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Table 16.1 Major AEDs Approved for Use in the United States Today. A conventional
abbreviation for many of the drugs is listed beside the full generic name. The year of first use
or year of United States FDA approval is indicated beside each drug as well

Conventional AEDs Approved in the last 10 years

Phenobarbitone (PB) 1912 Felbamate (FBM) 1993
Phenytoin (PHT) 1938 Gabapentin (GBP) 1994
Primidone (PRM) 1954 Lamotrigine (LMT) 1994
Methsuximide 1957 Topiramate (TPM) 1996
Ethosuximide (ESM) 1958 Tiagabine (TGB) 1997
Diazepam (DZP) 1963 Levetiracetam (LEV) 1999
Clorazepate 1972 Zonisamide (ZNS) 2000
Carbamazepine (CBZ) 1974 Oxcarbazepine (OXC) 2000
Clonazepam 1976
Valproate/divalproex (VPA) 1978

is debated in the literature [8]. Hypoxia in patients who experience generalized
convulsions may predispose to loss of Purkinje cells. Alternatively, patholog-
ical studies in humans have linked diffuse loss of Purkinje cells in epileptics
to PHT use [9]. Addressing this issue further, there are reports of cerebellar
atrophy and ataxia following acute or chronic PHT intoxication in patients
without epilepsy [10, 11]. However, a recent quantitative neuropathological
study in epileptics treated with PHT concluded that it is unlikely that PHT
acts alone in inducing Purkinje cell loss [12].

CBZ is also commonly implicated as a cause of ataxia. Fifty-three percent
of pediatric patients with CBZ toxicity demonstrated ataxia at mean serum
levels of 73 μmol per liter (range 37–128) in one study [13]. In another study of
33 cases of CBZ overdose, ataxia, nystagmus, or opthalmoplegia were seen in
48% of adults with a mean overdose of 12 grams (range 1.6–45) [14]. In a case
series of four patients who attempted suicide by CBZ overdose, all patients
demonstrated ataxia and nystagmus 1 to 2 days after admission but none
suffered permanent neurological sequelae [15]. It appears that the presence of
cerebellar atrophy as seen on MRI, predisposes CBZ-treated patients to ataxia
at significantly lower serum levels compared to patients without cerebellar
atrophy [16]. This may also occur with GBP [17], PB and PRM.

Unlike other conventional AEDs, VPA does not typically cause ataxia or
nystagmus at toxic levels but most commonly causes stupor, confusion, and
coma [18, 19].

Among the newer AEDs, there is one postmarketing report of two patients
developing severe ataxia on relatively low doses of GBP that resolved af-
ter discontinuation of the drug [17]. Modulation of a GBP-specific neuronal
binding site in the cerebellum was the mechanism proposed by the authors
in this chapter. They recommended caution when initiating GBP in patients
with preexisting cerebellar dysfunction [17]. Ataxia was also quite common in
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Table 16.2 Incidence of ataxia with newer AEDs versus placebo in premarketing trials. The
incidence of ataxia in premarketing trials for each drug versus placebo is indicated. Most newer
AEDs are indicated as adjunctive epilepsy therapy. When the drug is indicated for monotherapy in
epilepsy or other conditions, the premarketing incidence of ataxia is reported as well. Information
is taken directly from the product information for each drug (supplied by the manufacturer)

Drug Adjunctive therapy Monotherapy Other

VPA 8% vs. 1% <1% Not different versus
placebo in migraine
prophylaxis

FBM 3.5% vs. 0% adults, 6.5% vs.
3.7% children with Lennox Gastaut

<2%

GBP 12.5% vs. 5.6% 3.3% vs. 0% postherpetic
neuralgia

LMT 10% (300 mg/day) vs. 10%
28% (500 mg/day) vs. 10%

2% vs. 0%

TPM 16% (200–400 mg/day) vs. 14%
(600–1000 mg/day) vs. 7%

TGB 5% vs. 3% (overall)
9% (56 mg/day) vs. 6% (32 mg/day)
vs. 6%

LEV 3% vs. 1%
ZNS 6% vs. 1%
OXC 9% (600 mg/day)

17% (1200 mg/day)
31% (2400 mg/day) vs. 5%

5% vs. 0%

premarketing studies of oxcarbazepine (OXC) with an incidence ranging from
9% to 31% in adjunctive trials, and this side effect resulted in discontinuing the
drug in 5.2% of patients [20].

Table 16.2 lists the premarketing incidence of ataxia for many of the AEDs
listed in Table 16.1 (with particular emphasis on the newer agents). Since many
of the newer AEDs were studied in adjunctive epilepsy therapy trials, it is im-
portant to consider that the incidence of ataxia and other movement disorders
reported in adjunctive therapy may reflect changes in serum levels for other
AEDs these patients were taking. This is probably reflected in the consider-
ably higher incidence of ataxia in patients receiving adjunctive therapy with
the newer AEDs compared to patients receiving the same AED as monother-
apy (see Table 16.2).

The mainstay of treatment in patients who develop ataxia with AEDs is dis-
continuing or reducing the dose of the responsible drug. If the patient is on
more than one AED, the drug that was added most recently or that demon-
strates a supratherapeutic level should be tapered or discontinued first. In cases
of overdose, orogastric lavage followed by the administration of oral-activated
charcoal or charcoal hemoperfusion are often recommended [13, 15, 19]. Care-
ful hemodynamic monitoring and close observation for adverse events specific
for each drug are also very important in improving patient outcomes.
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Table 16.3 Incidence of tremor with newer AEDs versus placebo in premarketing trials. The
incidence of tremor in premarketing trials for each drug versus placebo is indicated. Most newer
AEDs are indicated as adjunctive epilepsy therapy. When the drug is indicated for monotherapy in
epilepsy or other conditions, the premarketing incidence of tremor is reported as well. When AEDs
were administered at varying doses, the incidence of tremor is included for each dose/dosing
range. Information is taken directly from the product information for each drug supplied by the
manufacturer

Drug Adjunctive therapy Monotherapy Other

VPA 25% vs. 6% 57% “high dose”
19% “low dose”

9% vs. 0% in
migraine
prophylaxis

FBM 6.1% vs. 2.3% adults, not listed in
children with Lennox Gastaut

not listed

GBP 6.8% vs. 3.2% Not listed in
postherpetic
neuralgia

LMT 4% vs. 1%, 3% vs. 0% in Lennox
Gastaut patients

<2%

TPM 9% (200–400 mg/day) vs. 9%
(600–1000 mg/day) vs. 6%

TGB 9% vs. 3% 21% (56 mg/day) vs. 14%
(32 mg/day) vs. 1%

LEV not different versus placebo
ZNS not different versus placebo
OXC 3% (600mg/day) 18% (1200 mg/day)

16% (2400 mg/day) vs. 5%
4% vs. 0%

Tremor

Of the AEDs reported to cause tremor, VPA is by far the most common [21,
22]. VPA-induced tremor usually appears within a month of starting therapy
and is typically a postural and action tremor, but occasionally the tremor is
present at rest [22]. The severity of the tremor is usually mild, but can range
from minimal to debilitating. Approximately 20% to 25% of patients on chronic
VPA therapy develop tremor evident on accelerometric recordings; however,
only half of these patients are symptomatic [22, 23]. This is much lower than the
incidence of tremor in premarketing VPA/divalproex sodium monotherapy
trials for epilepsy; 57% of patients receiving “high-dose’’ VPA experienced
tremor whereas 19% of patients experienced tremor in the “low-dose’’ group
[24] (Table 16.3), suggesting that development of VPA-induced tremor is dose
dependent. The incidence of tremor is less in premarketing trials of VPA in
migraine prophylaxis and as adjunctive therapy for complex partial seizures
(see Table 16.3). It has been suggested that VPA may either induce tremor or
unmask a preexisting, clinically silent essential tremor [23].

In one report, propranolol and amantadine were effective in treating VPA-
induced tremor, but cyproheptadine, diphenhydramine, and benztropine
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Figure 16.1 Serial accelerometric recordings in a 58-year-old man with VPA-induced tremor
treated with 20 mg of propranolol. Tremor was recorded in an upper extremity while at rest, with
intention and with maintenance of posture. The tremor returns as propranolol is metabolized by
the patient, returning to baseline by 7 hours. Calibration is 1 second and 10 mV. [From [3], with
permission from the publisher (Lippincott, Williams & Wilkins).

provided little relief [23]. Acetazolamide has also been reported to be beneficial
[25]. Figure 16.1 illustrates the response of VPA-induced tremor to propranolol
and return of the tremor as propranolol is metabolized [23].

The clinical features of the VPA-induced tremor and its response to beta-
blockers suggest that there is perhaps a common pathophysiology for this
disorder and essential tremor. Unfortunately, the etiology of essential tremor
remains to be elucidated and VPA interacts with multiple neurotransmitters
including serotonin, GABA, dopamine and acetylcholine [26]. However, eluci-
dating the mechanism(s) of VPA-induced tremor may provide further insight
into the pathophysiology of essential tremor.

Among the older AEDs, there is one report of mandibular tremor associ-
ated with intravenous PHT treatment and toxicity [27]. Tremor is listed as an
uncommon adverse event (0.1 to 1% of patients) with CBZ [28]. We could find
little information regarding tremor in patients on PB. There is no listing of
tremor as an adverse event with ethosuximide (ETS), and we could find no
case reports.

Table 16.3 illustrates the incidence of tremor in premarketing trials for each
of the newer AEDs. Among them, tiagabine (TGB) was frequently associated
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with tremor in a dose-dependent manner. The incidence was highest in pa-
tients taking 56 mg per day compared to 32 mg or placebo (21%, 14%, and 1%,
respectively) [29]. GBP was associated with tremor in 6.8% of treated patients
compared to 3.2% on placebo in premarketing trials as adjunctive therapy
for epilepsy [30]. This is interesting considering recent interest in its use in
patients with essential tremor (see below). Tremor was an adverse reaction
in 4% of patients on monotherapy with OXC compared to 0% on placebo in
a controlled clinical trial [20]. Tremor due to this drug caused 1.8% of pa-
tients to discontinue its use [20]. Levetiracetam (LEV) was not associated with
an increased incidence of tremor in adjunctive epilepsy therapy trials [31].
Lamotrigine (LMT) was associated with tremor in 4% of patients (vs. 1% of
patients on placebo) in adjunctive trials; however, there was no significantly
increased incidence of tremor in a placebo-controlled monotherapy trial [32].
In postmarketing experience, LMT was associated with a disabling tremor
when added to VPA in one patient [33]. Tremor is listed as a frequent adverse
event in patients taking ZNS (1 in 100) as adjunctive therapy; however, it was
not more frequent than placebo in a premarketing controlled trial [34]. TPM
was associated with tremor in 9% of patients (vs. 6% of patients on placebo) in
adjunctive therapy trials [35].

There is evidence that AEDs are useful in treating essential and other forms
of tremor. PRM is used extensively as a first-line treatment of essential tremor
with documented benefits [36]. CBZ was effective for cerebellar tremors in a
small series [37]. There are reports that GBP is effective in treating essential
tremor [38–40] as well as orthostatic tremor [41, 42]. TPM, like PRM and GBP,
is also used to treat essential tremor [43, 44].

Myoclonus/asterixis

Myoclonus is also frequently associated with AED treatment. Asterixis (nega-
tive myoclonus) is the most common type reported in the literature. Asterixis
secondary to AEDs was first recognized in the 1970s [45–47]. PHT [45–47]
was initially the most commonly implicated drug; however, PB [47], PRM [47,
48], CBZ [49, 50], and VPA [51, 52] were all subsequently found to cause this
movement disorder as well.

Asterixis classically occurs with advanced hepatic disease [53]. While abnor-
mal liver function predisposes patients to developing asterixis when admin-
istered AEDs [54], there are reports of PHT-induced asterixis with high serum
levels in patients with normal liver function [55]. Asterixis was first reported
as a sign of toxic PHT serum levels [45, 46]. It was present in five of eight
patients studied with AED-related movement disorders in one study, four of
whom were on PHT [47]. There are also patients who develop PHT-induced
asterixis with serum levels in the usual therapeutic range [47]. Unilateral as-
terixis contralateral to the lesion has been reported in patients receiving PHT
(with therapeutic levels) following thalamotomy. While the true pathophysi-
ology for asterixis in this setting is unknown, it is thought that PHT may cause
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central dopaminergic blockade similar to that induced by neuroleptics [47,
56]. How this relates to onset of asterixis, which is unknown. It is interesting
to note, however, that PHT has been used to successfully treat another form
of myoclonus, diaphragmatic myoclonus [57].

CBZ is reported to cause asterixis in multiple clinical settings: (1) as a sign of
toxicity [47, 58, 59], (2) in conjunction with hyperammonemia [50, 60], and (3)
in patients on concomitant therapy with lithium [60–62]. Asterixis can occur
in patients on CBZ in the setting of normal hepatic function as a dose-related
effect [50] or at normal serum levels [61]. While the mechanism of CBZ-induced
asterixis is unknown, some authors have suggested that CBZ causes isolated
mitochondrial dysfunction/damage in patients who develop asterixis and hy-
perammonemia [60]. CBZ has been used to treat palatal myoclonus [63].

VPA-associated asterixis was first reported in a patient who had intractable
seizures and was being treated with multiple AEDs [64]. Subsequently, two
patients were reported to develop asterixis without toxic VPA serum levels
or evidence of concomitant hepatic dysfunction [51]. A recent report of six
patients suffering a VPA-related stupor suggested that the negative myoclonus
observed in these patients was due to a cortical nonepileptic mechanism [52].
While these patients had VPA serum levels in the typical therapeutic range
(less than 100 μg/mL), they did have hyperammonemia ranging from 94 to
345 μg/dl (reference range <50) [52]. Like other AEDs, VPA is frequently used
to treat myoclonus of various etiologies [65, 66].

There are few reports of drug-induced asterixis among the other older AEDs.
There is one report that lorazepam (a benzodiazepine) triggered myoclonus
in very low birth-weight infants [67]. There is also a report of PRM-induced
asterixis in a patient with moderate renal insufficiency [68].

While myoclonus is listed as a rare (fewer than 1/1000 patients treated)
adverse event with GBP in premarketing studies [30], there is one report of
13 cases of myoclonus (out of 104 patients treated by the authors) associated
with this drug in refractory epileptics [69]. The myoclonus was focal in three
patients and multifocal in the other ten patients. Static encephalopathy was a
significant risk factor for the development of multifocal myoclonus and focal
myoclonus developed in patients with partial seizures and otherwise normal
neurological function [69]. There is also a recent report of asterixis in a patient
being treated for postherpetic neuralgia with GBP [70]. While the mechanism
for GBP-induced myoclonus is unknown, some authors speculate that GBP
may cause myoclonus by influencing serotonergic or GABAergic neurotrans-
mission [69, 70]. In contrast to these reports, GBP ameliorates both posthypoxic
myoclonus in a rat model [71] and opioid-related myoclonus in cancer patients
[72].

Among other newer AEDs, zonisamide (ZNS) has the highest reported inci-
dence of myoclonus (1/100) in adjunctive premarketing studies [34]. We could
not identify reports of ZNS-induced myoclonus, however. ZNS is particularly
effective in the treatment of myoclonic epilepsies [73]. CBZ and LMT may
worsen myoclonus in myoclonic epilepsy, whereas benzodiazepines, VPA,
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LMT, and ZNS may result in improvement depending on the etiology of the
myoclonus [74].

Tics

Tics are common movement disorders in children and may be present but
unrecognized or exacerbated by treatment with certain drugs. The diagnosis
of a tic disorder frequently follows the appearance of tics while being treated
with certain medications (especially stimulants), or even after the medication
has been discontinued [75]. CBZ is the most common drug associated with
AED-induced tics in the literature. Tics (as a group with abnormal involuntary
movements) are listed as an uncommon side effect of CBZ (occurring in ≥ 0.1%
and ≤ 1% of patients) in the package insert [28]. We identified 13 reported cases
in the literature [75–80]. Eleven of the 13 reported patients were children and
6 of the 13 patients had prior tics either at baseline or on other medications.
While motor tics were the most prominent, some patients developed vocal
tics as well. In some patients the tics were a transient phenomenon while the
patients remained on CBZ; in others they resolved when CBZ was discontin-
ued. Patients who had a baseline tic disorder frequently required treatment
with antipsychotics. While the cause of CBZ-induced tics is unknown, some
authors speculate that CBZ modulates the dopaminergic systems in the brain
of susceptible patients triggering onset or exacerbation of tics [75]. Certainly,
CBZ is known to alter levels of dopamine in multiple brain regions in chron-
ically treated rats [81]. Tics were also reported with PB treatment in at least
six children, due to unknown mechanisms [82, 83]. There is one report of
PHT-induced Tourettism in a 16-year-old patient with a history of generalized
tonic-clonic seizures [84].

Among the newer AEDs, LMT is associated with tic disorders in at least two
reports. LMT-induced Tourettism was first reported in three patients in 1999
[85] followed by a report of five cases of motor and vocal tic disorders [86].
In three of five patients tics resolved within 1 month after the discontinuation
of LMT. Two patients had recurrence of tics when LMT was reintroduced. All
patients were observed for tics on follow-up from 6 to 22 months and none
had recurrence of tics once off LMT [86]. GBP was associated with tics and
other dyskinesias in a 41-year-old man with generalized anxiety disorder. This
patient had complete resolution of the tics and other movements within 36
hours of stopping the drug [87].

We could not identify reports of tic disorders associated with the other newer
AEDs except as above. There are reports of improvement in Tourette’s syn-
drome with benzodiazepines [88–90]. Like benzodiazepines, TPM may have
some efficacy in the treatment of Tourette’s syndrome [91].

Choreoathetosis

PHT is the AED most commonly associated with the development of dyskine-
sias, particularly chorea [92, 93]. In our review in 1993 we identified 70 patients
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who developed choreoathetosis while being treated with PHT [93]. Since then,
additional case reports/series of PHT-induced chorea have appeared in both
children and adults. In one case series three children with severe myoclonic
epilepsy developed choreoathetosis as their doses of PHT were increased [94].
There was also a report of PHT-related chorea in children with deep hemi-
spheric vascular malformations [95]. PHT also precipitated left upper extrem-
ity chorea in a 74-year-old man with a contralateral putaminal lesion [96].
Static encephalopathy is the most common predisposing condition, occurring
in 39% of 77 reported cases of PHT-associated dyskinesias [93]. Only 12% of
patients had an associated structural lesion [93]. Choreoathetosis can occur
in PHT-treated patients at nontoxic serum levels and patients that develop
choreoathetosis are often on multiple AEDs [93].

Among other older AEDs, VPA has also caused choreic movements. In one
report [97] three patients were described, all of whom had severe brain damage
and epilepsy. Two were on concomitant therapy with PHT. Choreic movements
started within 30 minutes to 3 hours after ingestion of VPA and lasted from
30 minutes to 8 hours. The chorea resolved after discontinuing the VPA or
changing to divalproex sprinkles [97]. A more recent report described a pa-
tient with a history of head trauma and secondary generalized seizures that
developed generalized chorea during the second month of therapy with VPA
[98]. This occurred at a dose of 1500 mg per day. Choreic movements disap-
peared within 2 months after discontinuing VPA [98]. In contrast, VPA has
been used to treat Sydenham’s chorea [99], postanoxic choreoathetosis [100],
posttraumatic choreoathetosis [101], age-related chorea [102], choreoathetoid
movements of kernicterus [103], and steroid-resistant chorea associated with
lupus [104].

Other conventional AEDs such as CBZ have also been implicated in cases of
choreoathetosis [15, 105]. Choreic movements were present in all four patients
reported with CBZ overdose when serum levels declined from their peak to
between 15 and 25μg/mL [15]. Like VPA, CBZ has also been used for therapy of
both hereditary and nonhereditary choreas [106–109]. ESM caused choreiform
movements in a 15-year-old girl hours after she ingested 500 mg of the drug
[110]. She responded quickly to intravenous diphenhydramine. A 17-year-old
boy with uncontrolled epilepsy also developed choreoathetoid movements 26
days into therapy with methsuximide [111]. The movements lasted 10 days and
were severe enough to cause abrasions and confinement to bed. The chorea and
athetosis were unresponsive to benztropine and diphenhydramine; however;
his movements resolved within a week after discontinuing the drug [111]. We
identified one report in the literature where PB was identified as the offending
drug in a patient with both chorea and dystonia [112]. We could find no reports
linking benzodiazepines with choreoathetosis. Benzodiazepines [113] and PB
[114], however, appear useful in treating some forms of chorea.

Among newer AEDs, GBP was associated with choreoathetosis in several
patients in postmarketing reports. In 1996 Buetefisch et al. [115] reported a
case of choreoathetosis in a 37-year-old man with severe mental retardation
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and epilepsy after initiation of GBP therapy. He was on FBM and PHT concur-
rently, but had no prior episodes of choreoathetosis. The movement disorder
resolved after discontinuing the drug. Another report presented two mentally
retarded, institutionalized patients who developed choreoathetosis at dosages
of GBP from 1.2 to 1.8 grams per day [116]. The choreoathetosis resolved after
discontinuation of the drug and one had recurrence of the movements after
rechallenge [116]. These data are consistent with our findings that patients
with a static encephalopathy are predisposed to develop movement disorders
related to PHT therapy, particularly in the setting of treatment with multiple
AEDs [93].

Among the other newer AEDS, FBM was associated with at least one re-
ported case of choreoathetosis in a 13-year-old boy with epilepsy [117]. The
choreoathetosis resolved 36 hours after his last dose of FBM. Combined treat-
ment with LMT and PHT also precipitated chorea in three patients and it
improved with tapering one of the medications [118]. There is one report of
choreic movements in a child treated with ZNS who had suffered a heat stroke-
like episode [119]. LEV, like several other AEDs, has been used successfully
to treat paroxysmal kinesiogenic choreoathetosis [120] and we could find no
reports of this medication inducing choreic movements.

Orofacial dyskinesias have been reported during treatment with AEDs, of-
ten in association with chorea. In 1993, we reported a patient with orofacial
dyskinesias provoked by PHT treatment [93]. and found that 49 of 77 patients
with PHT-induced dyskinesias described in the literature had orofacial dysk-
inesias, almost invariably in association with choreoathetosis [93]. PHT may
also aggravate preexisting tardive dyskinesia [121]. PB, PRM, and CBZ have
been reported to cause orofacial dyskinesias as well [47, 49, 122, 123]. Preexist-
ing cerebral injury was associated with the development of orobuccolingual
dyskinesias during treatment with PB in a child [122] as well as an adult [123].
CBZ also induced dose-related orobuccolingual dyskinesias in a 51-year-old
epileptic man [49]. Among newer AEDs, orofacial dyskinesias were also re-
ported in a 61-year-old man treated with GBP for anxiety [87]. LMT caused
blepharospasm and bilateral contraction of platysma muscles in another man
[124]. Clonazepam plus PB [125], VPA [126], and CBZ [127] may be effective
treatments for tardive dyskinesia in animals and humans.

The mechanism(s) of AED-induced dyskinesias is(are) unknown. PHT may
alter dopamine receptor subtypes or their associated second messenger sys-
tems [47, 93, 128]. The ability of PHT to potentiate neuroleptic-induced dysk-
inesias through mechanisms other than D2 dopamine receptors [129], how-
ever, suggests that dopamine receptor blockade/modulation is not the only
mechanism involved. The anticholinergic action of PHT may also play a role
[130, 131]. Some authors suggest that CBZ, like PHT, causes dyskinesias in the
proper clinical setting by altering cholinergic systems [122] or by acting as a
dopamine antagonist given CBZ’s structural similarity to phenothiazines [133].
Future research may clarify the pathophysiology of AED-induced dyskinesias
as the mechanisms of action for each AED are further elucidated.
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Dystonia

Of all AEDs, dystonia has been most commonly reported in patients using
PHT or CBZ. Eighteen of 77 patients (or 23%) with dyskinesias associated with
PHT use experienced some form of dystonia [93]. Dystonias were not isolated
movement disorders in the majority of these patients as 15 of the 18 patients
suffered another movement disorder as well [93]. As with other dyskinesias,
dystonia was more common in the setting of prior CNS injury.

CBZ is also commonly associated with dystonia, especially in pediatric pa-
tients [13, 133–136]. While CBZ-induced dystonia typically occurs in the setting
of CNS injury combined with toxic serum levels [133], it can occur with toxic
CBZ levels in normal children [13, 136] or nontoxic levels in children with brain
damage [133]. Dystonia was present in 3 of 45 pediatric patients admitted to an
intensive care unit for CBZ toxicity [13]. Transient dystonia was also reported in
three children with multifocal epilepsy treated with CBZ [133]. These children
experienced dystonic posturing in all four extremities as well as opisthotonus,
which completely resolved within 2 weeks after discontinuing the drug [133].
Another child had oculogyric crisis associated with CBZ toxicity [135]. Dys-
tonia also occurs in CBZ-treated adults [136–138,] especially in the setting of
prior brain injury [138]. Three of the four adult patients reported by Jacome
[138] were brain-damaged men who developed axial dystonia while on CBZ.
Segmental dystonia was the sole manifestation of carbamazepine toxicity in
one other reported case [139]. Most CBZ-related dystonias are transient and
resolve soon after CBZ dosing is reduced or the drug is discontinued. How-
ever, there are reported cases of intermittent dystonia persisting during CBZ
therapy [136]. While these cases implicate CBZ as a cause of dystonia in the
proper setting, it is a drug of choice for the treatment of some paroxysmal
dystonias [140].

Among other older AEDs, PB is also known to cause dystonia in children
[122, 141] and adults [112]. Torticollis and blepharospasm occurred in a neuro-
logically impaired 2-year-old boy [122] and a 36-year-old woman who took a PB
overdose [112]. In a more recent report, a 2-year-old girl developed torticollis,
opisthotonus, and oculogyric crises associated with initiation of PB therapy
[141]. PB, unlike other AEDs, was actually shown to aggravate paroxysmal
dystonia in a rodent model after chronic treatment [142]. It was suggested that
this may be due to PB’s activity as a GABA receptor agonist under pathological
conditions [142]. There are few reports of dystonias in patients on VPA; how-
ever, camptocormia was reported in a mentally retarded 23-year-old woman
with myoclonic epilepsy while on monotherapy with VPA [143]. In contrast,
VPA may have some beneficial effect in some forms of dystonia such as spas-
modic torticollis [144]. While there is a report in the literature of acute dystonic
reactions associated with DZP ingestion [145], benzodiazepines are routinely
used and sometimes quite effective in the treatment of dystonia [146, 147].

Among the newer AEDs, TGB was associated with transient dystonia in three
patients who were concomitantly treated with CBZ [148]. The three patients
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developed a focal limb dystonia, oromandibular dystonia, and writer’s cramp,
respectively. Unlike many patients who develop dystonia during treatment
with AEDs, these patients had normal neurological examinations and two had
normal brain MRIs with one having mesial temporal sclerosis (patient with
writer’s cramp) [148]. All three patients had transient dystonia and remained
on TGB therapy. The appearance of the dystonia did not correlate with changes
in serum CBZ levels [148]. While the mechanism of TGB-induced dystonia is
unknown, TGB may act via a GABAergic mechanism to cause dystonia as it
inhibits GABA uptake in the CNS [149].

GBP was also associated with an acute dystonic reaction after 1 month as
adjunctive therapy for intractable frontal lobe epilepsy in a 24-year-old man
[150]. He experienced oculogyric crisis, opisthotonic posturing, and repetitive
jaw clenching without an EEG correlate. Intravenous lorazepam aborted the
movements, and there was no recurrence in 20 months of follow-up after dis-
continuation of GBP [150]. In contrast, GBP is known to decrease the severity
of dystonia in a genetic animal model of paroxysmal dystonic choreoatheto-
sis [151]. FBM was associated with a dystonic reaction in a 2-month old boy
[117]. LMT was also associated with blepharospasm in a 51-year-old man with
secondarily generalized epilepsy [124]. This may correspond with the prodys-
tonic effects of LMT in a mutant hamster model of generalized dystonia [152].
There are no reports of dystonias associated with LEV, and LEV was shown
to decrease dystonia in a similar animal paradigm [153].

Parkinsonism/akinetic rigid syndromes

While PHT was one of the first AEDs associated with parkinsonism/
bradykinesia [154], VPA has emerged as the most commonly implicated cause
of AED-induced parkinsonism in the literature. The first report that we could
identify was by Lautin et al. in 1979 [155]. These authors presented a patient
who developed an extrapyramidal syndrome associated with VPA monother-
apy [155]. Reversible parkinsonism associated with VPA therapy was also
reported in 1990 in abstract form [156]. In 1991, Armon et al. [157] reported on
VPA-induced syndrome of dementia and parkinsonism in an epilepsy clinic
population. This was later published as a full prospective study of 36 patients
who had been on VPA for at least 12 months [158]. Thirty-two patients were
thought to have some cognitive or motor impairment related to VPA and they
were subjected to follow-up testing for at least 3 months after discontinuing
VPA. Seventy-five percent of the patients in this group (27 of 36 patients) had
three or more signs of parkinsonism (bradykinesia, tremor, rigidity, postural
instability) [158]. Twenty-three of 24 patients or 96% improved after stopping
VPA. Mean Unified Parkinson’s Disease Rating Scale scores for 23 patients
were 29.7 (±21.7) on VPA versus 10.1 (±12.6) off VPA (p < 0.0001). While the
median age of patients was 51.5 years in this study, there are other reports
of reversible parkinsonism associated with VPA therapy in a 12-year-old girl
[159], and in two young men aged 20 and 26 years [160]. There was also an
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additional case series of levodopa-responsive parkinsonism that began after 4
years of VPA therapy in two elderly patients [161]. Their parkinsonian signs
resolved less than 3 months after substitution of CBZ for VPA. Another case
of parkinsonism was recently reported in a demented elderly patient treated
with VPA [162]. While the mechanism of VPA-induced parkinsonism is un-
known, Armon et al. [159] suggested that VPA may affect Complex I activity
in the electron transport chain of mitochondria, similar to a mechanism pro-
posed for Parkinson’s disease [163, 164]. Alternatively, VPA may act through
GABAergic mechanisms on the basal ganglia [158]. VPA was also reported to
cause a reversible multiple system atrophy-like syndrome [165]. In this case, a
67-year-old woman developed dysarthria, impaired smooth pursuits, progres-
sive action tremor, bradykinesia, and ataxia. Eventually, she was wheelchair
bound and incontinent after 9 to 10 years of treatment with VPA for post-
traumatic seizures. Within 3 months of stopping VPA, the patient had almost
complete reversal of her syndrome and after 3 years of follow-up her neuro-
logical exam was normal [165].

Among other AEDs, there was also a report of reversible parkinsonism as-
sociated with hepatotoxicity following addition of CBZ to VPA [166]. In this
case, a 67-year-old woman developed cogwheel rigidity, resting tremor, and
bradykinesia, which recurred after rechallenge with CBZ. Most features im-
proved in 2 days after discontinuing CBZ therapy; however, the resting tremor
persisted in this patient [166], suggesting the possibility that some patients with
parkinsonism associated with AEDs may have subclinical Parkinson’s disease.
PHT also caused parkinsonism in a 68-year-old man with generalized tonic-
clonic seizures [167]. This man developed a shuffling gait, rest tremor (greater
on the left), and a persistent nasopalpebral reflex that resolved with switching
the patient to CBZ. After discontinuing the PHT, he was symptom free at 6
years of follow-up [167].

While we could find no reports of parkinsonism related to other AEDs, it has
been reported that ZNS reduces wearing off in Parkinson’s disease patients,
possibly due to the drug’s long-lasting activation of dopamine synthesis [168].
LMT had no antiparkinsonian activity in rat models of Parkinson’s disease
[169] or symptomatic benefits for Parkinson’s patients in a small double-blind,
placebo-controlled study [170].

Miscellaneous movement disorders

Restless legs syndrome (RLS) was reported in two patients taking methsux-
imide and PHT [171]; however, there is overwhelming evidence that multiple
AEDs provide significant benefit for patients with RLS. CBZ [172–174] and
clonazepam are effective [175, 176]. GBP was also recently well studied and
effective [177–179].

While very uncommon, there are two reports of akathisia related to carba-
mazepine treatment [180, 181]. One patient had prior exposure to neuroleptics
and was treated with CBZ for dysphoria following a left temporal lobe injury
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Table 16.4 Summary of movement disorders associated with various AEDs. +++ = More
common or significant evidence in the literature, ++ = reported in several case series/reports or
in premarketing trials, + = rarely reported in premarketing studies or described in a single case
series/report.

PB PHT PRM ESM CBZ VPA FBM GBP LMT TGB ZNS OXC

Ataxia + +++ + +++ + ++
Tremor + + +++ + + ++ + +
Myoclonus ++ ++ + ++ ++ ++ +
Tics ++ + +++ + ++
Chorea + +++ + ++ ++ + ++ + +
Dystonia ++ +++ +++ + + +
Parkinsonism + + +++
RLS +
Akathisia + ++

[180]. Two others did not have prior neuroleptic exposure and were taking
CBZ for treatment of epilepsy [181]. Reducing the dose of CBZ ameliorated
the symptoms [181]. There was also one case of akathisia reported in a child
receiving ESM [182].

Summary

While movement disorders in patients taking AEDs are rare, it is clear from
the literature that three of the most commonly used AEDs (PHT, CBZ, and
VPA) are associated with the vast majority of reported cases. (See Table 16.4
for a summary of movement disorders associated with AEDs.). This probably
reflects exposure of large patient populations over many years for each of
these drugs. Several clinical points have emerged from a review of the cases
reported in the literature: (1) patients with preexisting brain injuries have a
greater risk of developing movement disorders associated with AEDs; (2) acute
toxicity with many AEDs increases the likelihood of developing movement
disorders; and (3) polypharmacy with multiple AEDs is frequently associated
with the development of movement disorders. Avoiding polypharmacy will
not only lead to improved patient compliance, it will also likely prevent the
development of iatrogenic movement disorders in some patients. As the newer
AEDs are administered to larger patient populations over time, reports of more
AED-induced movement disorders will inevitably occur.
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CHAPTER 17

Miscellaneous drug-induced
movement disorders

Daniel Tarsy

Introduction

This chapter will review movement disorders caused by a variety of miscella-
neous drugs not considered in other chapters. The majority of drugs causing
movement disorders are either neuroleptic agents that interfere with dopamine
neurotransmission or central nervous system stimulants, which potentiate
dopaminergic mechanisms. By contrast, movement disorders are infrequent
adverse effects of other medications and there is often no obvious mechanism
to explain their occurrence. Among this group, antidepressants and anticon-
vulsants are more common causes and have also been addressed in separate
chapters (Chapters 15 and 16). In some instances, drugs produce myoclonus
or chorea together with altered mental status and other neurologic manifesta-
tions in the context of a toxic encephalopathy. For the most part, with regard to
other drugs only single causes of a movement disorder have been reported and
the etiologic relationship between the drug and movement disorder may be
open to question. Individual vulnerabilities to medication-induced movement
disorders are possible but, except for preexisting extrapyramidal disorders
or genetically determined disorders of brain dopamine metabolism [1], these
have not been identified for most of the miscellaneous drug-induced move-
ment disorders.

Calcium channel blockers

Cinnarizine and flunarizine are selective calcium channel blockers that appear
to be second only to antipsychotic drugs in the frequency with which they pro-
duce movement disorders. They have been widely used in Europe and Latin
America for the treatment of a variety of conditions including migraine pro-
phylaxis, vertigo, cerebrovascular and peripheral vascular disease, epilepsy,
and essential tremor [2]. In addition to being calcium entry blockers, both
are piperazine derivatives with mild dopamine receptor-blocking properties
[3, 4]. They also have antihistaminic and serotonin-blocking effects.

The spectrum of movement disorders produced by these agents is remark-
ably similar to those produced by the antipsychotic drugs and includes acute

430



Miscellaneous drug-induced movement disorders 431

dystonic reactions, akathisia, tremor, and parkinsonism. Acute dystonic re-
actions and akathisia occur within several hours or days of exposure while
parkinsonism may appear up to several months later. Micheli et al. [5] re-
ported on 101 patients who developed movement disorders during treatment
with these agents. There were 93 patients with parkinsonism characterized by
bradykinesia, rigidity, and tremor, 19 of whom had been misdiagnosed with
Parkinson’s disease. There were 15 patients with tardive dyskinesia, 5 with
orofacial tremor, and one each with acute dystonia and acute akathisia. Al-
though all 93 patients with parkinsonism recovered within 7 to 270 days after
drug withdrawal, more recent reports indicate that 11% to 33% have persis-
tent parkinsonism [6, 7] suggesting that these agents may unmask subclinical
Parkinson’s disease. Ten of the 15 patients with tardive dyskinesia improved
within 8 months while 5 had persistent dyskinesia and the single cases of acute
dystonia or akathisia recovered immediately. Similar to antipsychotic-induced
parkinsonism, most patients were above 50 years of age, women were more
commonly affected than men, and antiparkinson drugs were ineffective. Very
similar results have been reported in a more recent survey of 74 patients with
cinnarizine-induced parkinsonism and dyskinesia [7] and cinnarizine has also
been shown to exacerbate motor signs in patients with preexisting Parkinson’s
disease [8].

The mechanism accounting for the movement disorders produced by these
particular calcium channel blockers is uncertain but the strong similarity
of their motor effect profile to that of the antipsychotic drugs suggests that
dopamine receptor blockade is important. However, since their dopamine
receptor-blocking effects are relatively modest, their calcium entry-blocking
effects and interference with catecholamine release may also be relevant [2].
The higher incidence of movement disorders in family members of indi-
viduals affected with primary disease has raised the possibility of a genetic
predisposition [9].

In contrast with cinnarizine and flunarizine, calcium channel blockers used
in the United States have been associated with a much lower incidence of
movement disorders with only rare cases being reported. One patient with
tardive dyskinesia on lithium developed generalized chorea on verapamil,
which resolved several days after stopping the verapamil [10]. Another pa-
tient developed repeated axial dystonia together with myoclonus after each
of several exposures to verapamil [11]. Diltiazem has been associated with
akathisia [12] and a single case of parkinsonism [13]. Amlodipine was associ-
ated with reversible parkinsonism in a single patient [14] while manidipine ex-
acerbated parkinsonism in two patients with existing Parkinson’s disease [15].
Nimodipine may inhibit dopamine synthesis and release due to its calcium-
blocking action [16] but the relevance of this effect for the exceedingly rare
clinical extrapyramidal reactions that occur is uncertain.

Myoclonus is a more common movement disorder associated with the latter
group of calcium channel blockers. Several have been implicated in rapid onset
myoclonus, which resolves in days to weeks after stopping the drug [17–20].
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In one case, nifedipine was associated with a fine tremor [21] and has also been
reported to increase physiologic and essential tremor [22].

Anticholinergic and antihistaminic drugs

Anticholinergic drugs such as trihexyphenidyl, benztropine, and other less
frequently used agents are an uncommon but well-established cause of re-
versible choreiform movement disorders. The movement disorders usually
occur in patients with preexisting parkinsonism or dystonia. They occasion-
ally also occur in neurologically normal elderly individuals. Less common but
similar effects are reported following treatment with tricyclic antidepressants
with anticholinergic properties (see Chapter 15).

Anticholinergic drugs may cause orofacial dyskinesia or more general-
ized chorea in patients with Parkinson’s disease, may increase the sever-
ity of levodopa-induced dyskinesia, and may exacerbate tardive dyskinesia
[2]. Fahn and David [23] reported four patients above 66 years of age with
orofacial and lingual dyskinesia due to anticholinergic drugs including tri-
hexyphenidyl, ethopropazine, and procyclidine. Two had Parkinson’s disease,
one had torticollis with head tremor, and one had bipolar disorder and was on
lithium. Dyskinesia occurred after each of two challenges with the anticholin-
ergic agents and subsided after drug discontinuation in all cases. Mano et al.
[24] reported 10 elderly patients with parkinsonism who developed orofacial
and extremity dyskinesias on trihexyphenidyl, benztropine, or procyclidine.
The involuntary movements disappeared with discontinuation of the drugs.
Birket-Smith [25] reported six patients who developed abnormal involuntary
movements following treatment with trihexyphenidyl, orphenadrine, procy-
clidine, ethopropazine, or biperiden. Four had Parkinson’s disease while two
had isolated tremor. All were female and older than 63 years of age. None
was being treated with levodopa or neuroleptic drugs. Four patients had
isolated orolingual dyskinesia while two also had choreic limbs and truncal
dyskinesia. Dyskinesia cleared completely within several weeks of discontin-
uing anticholinergic treatment. In the four patients with Parkinson’s disease,
retreatment with a different anticholinergic was followed by the reappear-
ance of dyskinesia within 1 to 2 weeks. Additional isolated case reports of
anticholinergic-induced dyskinesia in patients with parkinsonism have been
described [26, 27].

Chorea has also been reported in dystonia patients being treated with an-
ticholinergic drugs [28, 29]. Nomoto et al. described five adults with focal
dystonia who developed generalized chorea while receiving high-dose tri-
hexyphenidyl for up to 9 years [28]. Chorea diminished or disappeared in all
cases when the dose was reduced. Horn et al. reported chorea in four of 13 pa-
tients with dystonia (cervical in 11 cases), which cleared when anticholinergics
were stopped [29].

The mechanism whereby anticholinergic drugs cause dyskinesia likely re-
lates to well-established antagonistic actions of dopamine and acetylcholine in
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the basal ganglia. Anticholinergic drugs potentiate striatal dopaminergic effects
and cholinergic agents have the opposite effect [30–32]. Clinically, dopamin-
ergic drugs cause choreiform dyskinesia in Parkinson’s disease, cholinergic
agents suppress levodopa-induced dyskinesia and chorea in Huntington’s
disease [33, 34] and anticholinergics appear to aggravate levodopa-induced
dyskinesia in Parkinson’s disease [35] and tardive dyskinesia [36].

Antihistaminic drugs also possess central anticholinergic properties [2,
37, 38] and, presumably for this reason, have occasionally been associated
with dyskinetic and choreiform involuntary movements. Cyclizine, pheni-
ramine, chlorpheniramine, brompheniramine, phenindramine, and mebhy-
droline have all been implicated in single case reports [37–41]. Movement
disorders have included orofacial dyskinesia, blepharospasm, cranial-cervical
dystonia, and involuntary hand movements. However, the precise relationship
of antihistamines to these reactions is obscured by the fact that several have
occurred in patients also exposed to neuroleptic drugs with possible underly-
ing tardive dyskinesia [39, 42]. Although an acute dystonic reaction has been
reported after diphenhydramine [43] this is an exceedingly rare event and,
in fact, antihistamines are remarkably effective in terminating acute dystonic
reactions to neuroleptic drugs. Cyproheptadine combines antihistaminic, an-
ticholinergic, and antiserotoninergic properties and has rarely been associated
with akathisia and chorea [44, 45].

Very rare cases of chorea [46, 47], acute dystonia [48, 49], and tremor [50]
have also been reported after the use of H2 receptor blockers such as cimetidine
and ranitidine, which lack central anticholinergic effects and, in fact, have anti-
cholinesterase activity. It has been suggested that these rare reactions are more
likely related to central H2 receptor blockade than the effects on catecholamine
or cholinergic mechanisms [47].

Antianxiety agents

Orofacial dyskinesias have occasionally been reported in patients treated with
a variety of benzodiazepines [2]. However, in most cases, patients were already
on antipsychotic drugs or antidepressants and the benzodiazepines appear to
have either exacerbated a preexisting tardive dyskinesia or contributed to the
unmasking of a covert dyskinesia [51–54]. Acute dystonic reactions, similar
to those seen with antipsychotic drugs, have also been very rarely reported
[54, 55]. Unusually high doses of benzodiazepines (140–400 mg/day of di-
azepam) have apparently caused drug-induced parkinsonism in patients with
schizophrenia previously withdrawn from antipsychotic drugs [56]. The mech-
anisms whereby benzodiazepines would precipitate or exacerbate dyskinesias
or parkinsonism are obscure but their interactions with GABA receptors may
be relevant. It should be noted that benzodiazepines much more commonly
ameliorate acute [57] or chronic dyskinesia [58] than precipitate or aggravate
them.
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Buspirone is an anxiolytic that is a partial agonist at 5-hydroxytryptamine
1A receptors, which also has properties as a mixed agonist-antagonist at
dopamine receptors [59]. Similar to the benzodiazepines, exacerbation of pre-
existing dyskinesia or dystonia has rarely been associated with this drug. In
rare cases buspirone also appears to have produced akathisia [60], orofacial
dyskinesia [61], dystonia [62], and myoclonus [63]. Although the relatively
weak dopamine antagonist properties of buspirone may account for these ef-
fects, it has also been used to treat levodopa-induced dyskinesia in patients
with Parkinson’s disease without consistently exacerbating parkinsonism [64].

Oral contraceptives

Chorea has been a recognized complication of therapy with estrogen and
progesterone-containing oral contraceptive agents for many years. In one of
the first significant reviews of this subject, Nausieda et al. [65] reported five
cases and reviewed the literature concerning 17 other previously described
cases prior to 1979. Subsequent reviews of contraceptive drug-induced chorea
have delineated the clinical features of this stereotyped syndrome in more de-
tail [2, 66]. Most cases have occurred in relatively young, nulliparous women.
Abnormal movements begin subacutely about 9 to 12 weeks after starting hor-
mone therapy. In nearly all cases, chorea is the only neurological symptom;
however, it has been associated with the abrupt onset of hemiparesis or per-
sonality changes in a few cases [65, 67]. The distribution of chorea is unilateral
in two thirds of cases and generalized but often asymmetric in the remain-
der. Chorea persists as long as contraceptive treatment continues but resolves
spontaneously within 8 weeks of stopping it. Reexposure to contraceptives is
associated with recurrence of chorea in the majority of patients [2] and chorea
has reappeared premenstrually in cyclic fashion in a small number of patients
with preexisting brain injury [65].

A striking feature of contraceptive-induced chorea is the frequency with
which it occurs in women who had a previous history of chorea from other
causes. According to one review, rheumatic fever has previously occurred in
46% and Sydenham’s chorea in 30% of cases [2]. Other patients have had
antecedent chorea due to chorea gravidarum, systemic lupus erythemato-
sis, Henoch-Schonlein purpura, cyanotic heart disease, and other forms of
static encephalopathy [65]. Interestingly, the body distribution of contracep-
tive chorea is often similar to the distribution of antecedent chorea. It is there-
fore commonly thought that preexisting basal ganglia damage predisposes to
the appearance of contraceptive-induced chorea.

Several proposals have been made concerning the pathophysiology of
contraceptive-induced chorea. Estrogen has been cited as playing an impor-
tant role in enhancing dopamine receptor sensitivity since, in early studies,
oophorectomized animals treated with estrogen or progesterone showed in-
creased sensitivity to dopamine agonists [65]. However, subsequent studies
have shown that under different experimental circumstances estrogen can
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either enhance or suppress dopamine-mediated motor behaviors [68] leaving
the effects of estrogen on dopaminergic systems uncertain. The variable effects
of estrogen on dopamine function may relate to regional brain effects, timing,
and dosage of hormonal administration, metabolism, and other properties of
the particular experimental system being employed [2]. Occasional cases of
acute hemichorea with or without hemiparesis strongly suggest an ischemic
mechanism perhaps mediated by known effects of oral contraceptives on co-
agulation [69]. However, this probably does not explain the more commonly
occurring subacute presentations. A possible immunologic basis has also been
proposed [70], possibly supported by more recent findings of antistriatal anti-
bodies in patients with Sydenham’s chorea [71] and the association of chorea
with systemic lupus erythematosis but there is no direct evidence to support
this notion.

Narcotic analgesics

Myoclonus is the most frequent movement disorder associated with narcotic
drugs. In particular, meperidine may cause painful, stimulus-sensitive, and
action myoclonus. Patients with chronic renal failure and cancer are particu-
larly susceptible to this effect due to the accumulation of normeperidine and
this should not be treated with this particular narcotic [72–74]. Myoclonus has
also been reported following treatment with high-dose morphine and other
narcotic analgesics but cases are rare and may be related to interaction with
concomitant neuroleptics or other drugs [75–78].

Although opiates have effects on striatal dopamine mechanisms and there
is an enkephalin-mediated projection between striatum and globus pallidus,
narcotics have only rarely been associated with hypokinetic or hyperkinetic
movement disorders. Two cases of reversible parkinsonism have been reported
following treatment with meperidine [78, 79]. It is unknown whether these
are related to the permanent parkinsonism that occurs after exposure to the
meperidine derivative,1-methyl-4-phenyl-1,2,5,6-tetrahydropyridine (MPTP),
which causes selective damage to the substantia nigra. Fentanyl treatment or
withdrawal has been associated with a variety of movement disorders in very
small numbers of patients including myoclonus, facial dyskinesia, muscular
rigidity, tremor, and torticollis but often occurring together with seizures sug-
gesting a more complex form of neurologic toxicity [80]. Transient chorea has
been reported in a patient following methadone [81]. Orofacial dyskinesia,
chorea, and akathisia have also been reported in a patient following oxycodone
withdrawal [82].

Other drugs

There are numerous case reports of movement disorders caused by a variety
of other drugs, the mechanism of which is obscure in most cases. Many of
these have been tabulated and reviewed elsewhere [2, 83–85]. These include
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cardiac and antihypertensive drugs, antimicrobials, chemotherapeutic agents,
immunosuppressive agents, and a number of miscellaneous drugs. Exagger-
ated physiologic tremor is a commonplace side effect of most sympathomimetic
medications such as beta agonists, bronchodilators, and corticosteroids and
will not be discussed.

Cardiac drugs and antihypertensives. Amiodarone is a potent cardiac antiarrhyth-
mic used for the treatment of serious ventricular arrhythmias, which is associ-
ated with a high incidence of neurologic side effects. In one series, neurologic
side effects occurred in 29 of 54 treated patients [86]. Tremor was the earliest
and most common adverse effect and occurred in 21 patients. This was a 6–
10 Hz postural tremor producing flexion-extension movements in the fingers,
wrist, and elbows, which were indistinguishable from essential tremor. Ataxia
occurred in 20 patients and included falls, gait ataxia, and limb ataxia. A small
number of patients also developed peripheral neuropathy. These effects were
dose dependant and appeared after several weeks to months of drug exposure.
Parkinsonian rest tremors involving the legs, hands, and jaw and less frequent
additional signs of parkinsonism have also been described in a small num-
ber of patients [87]. Reversibility of parkinsonian signs appears to correlate
inversely with the duration of amiodarone treatment [87]. The mechanism of
amiodarone’s extrapyramidal toxicity is unknown but its effects on mitochon-
drial respiratory chain complexes I and II may be relevant [88]. Myoclonus and
dyskinesia have also been described in patients on amiodarone [87]. Pindolol
is an antihypertensive beta blocker with partial beta agonist effects, which
has produced postural tremor [89, 90]. Isolated reports linking oromandibu-
lar dystonia to flecainide [91], parkinsonism to diazoxide or captopril [92, 93],
chorea to digoxin toxicity [94], and parkinsonism or chorea to methyldopa [2,
95] have either been associated with more diffuse neurologic toxicity or are of
uncertain significance because of their extreme rarity.

Antimicrobial drugs. The most common movement disorder associated with an-
tibiotics is myoclonus. The penicillins are the most common and well-known
offender and often also produce seizures, typically in the context of renal
failure with breakdown of the blood-brain barrier. Isolated reports of my-
oclonus, tremor, or parkinsonism following cephalosporins, trimethoprim-
sulfamethoxazole, and amphotericin B have typically occurred in a setting
of severe infectious or neoplastic disease and are of uncertain significance [2].
Chloroquine occasionally produces acute dystonic reactions or dyskinesias
similar to those produced by neuroleptic drugs.

Chemotherapeutic, immunosuppressive, and antiinflammatory agents. Cytosine and
adenosine arabinoside have been associated with cerebellar ataxia and tremor,
both of which appear to be dose related. There is also one case report of re-
versible parkinsonism in a patient treated with high-dose cytosine arabinoside
[96]. Persistent cranial-cervical dystonia has been reported in four patients
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days to months following treatment with 5-fluorouracil and doxorubicin [97].
Cyclosporine frequently produces neurological toxicity. Postural tremor is the
most common side effect, occurring in more than 20% of patients [2, 98]. Rare
reports of parkinsonism following cyclosporine are difficult to interpret as
they may have occurred in a background of acquired hepatolenticular de-
generation [99] or in association with concomitant neuroleptic administra-
tion [100]. There are very rare reports of acute dystonic reactions after certain
nonsteroidal antiinflammatory drugs such as mefenamic acid [101, 102] and
azapropazone [103].
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drug-induced 22, 23
in psychiatric patients 39, 40
rating scales for 22, 23

Bradyphrenia 40

Brain disorders
occult 3
overt 3

Brain stem infarction 191
Bromocriptine 313, 314

for NMS treatment 200
Bruxism, SSRI-induced 382
Bupropion 375

myoclonus treatment 391
Tourrete syndrome 392

Buspirone 433

Calcium channel blockers
cinnarizine 430
dopamine receptor blocking properties

430, 431
flunarizine 430
induced movement disorders 430

akathisia 431
dyskinesia 431
dystonia 431
parkinsonism 431
tardive dyskinesia 431

as non-neuroleptics 120
for tardive dyskinesia suppression

233
Carbamazepine (CBZ) 408

induced disorders
asterixis 414
choreoathetosis 416
dystonia 418
parkinsonism 420
restless legs syndrome 420
tics 415
tremor 412, 413

for NMS treatment 202
toxicity 409

Cardiac drugs role in drug-induced
movement disorders 436

Catalepsy 45
Catatonia

cognitive symptoms 43
DSM-IV criteria for 43
etiology of 43, 44
motor symptoms 43, 44
symptom-complexes 43
see also Lethal catatonia

Catecholamine 431, 433
depleting agents 121
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Catechol-O-methyltransferase
inhibitors 336

CBZ see Carbamazepine
Central anticholinergic syndrome 190
Central dopaminergic systems 193
Central serotonergic system 197
Cerebellar atrophy 408, 409
Cerebrospinal fluid (CSF) 194
Ceruletide 237
Chemotherapeutics induced movement

disorders 436
Children, stereotypic behavior in 34
Chlopramozine 55

for acute DIA 144
comparison with clozapine 59
induced disorders

acute dystonic reactions 436
dyskinesias 436

Cholinergics, for tardive dyskinesia
suppression 231

see also Anticholinergics
Chorea

defined 6
differential diagnosis 8
pindolol-induced 436
symptoms 6

Choreiform disorders
amphetamine action 357
choreoathetoid movement disorder

357
methylphenidate action 357
pemoline-induced chorea 358
Sydenham’s chorea 357

Choreoathetosis 314
AED-induced 415
CBZ-induced 416
FBM-induced 417
GBP-induced 416
LEV-induced 417
LMT-induced 417
PHT-induced 415–417
VPA-induced 416

Choreoathetotic dyskinesia 316
Chronic akathisia 143, 272

and neuroleptic drug use 271
Chronic antiparkinsonian therapy

109
Chronic dystonic movements 266
Chronic levodopa therapy 315

Chronic neuroleptic therapy 17, 218,
222

Cinnarizine 430, 431
Citalopram, for tardive dyskinesia

treatment 393
Clomipramine 379

for Tourrete syndrome 392
Clonidine

for acute DIA Treatment 161
for ADHD treatment 361
for tics disorder treatment 361

Clozapine 42, 43
affinity for D2 receptor 59
agranulocytosis risk 59, 60
anticholinergic activity 61
chlorpromazine, comparison with 59
for drug-induced disorders

acute dystonia 78
parkinsonism 115

induced movement disorders
neuroleptic malignant syndrome

288
Parkinson’s disease 288
tardive dyskinesia 287, 288

neuoleptic-like effects without EPS 58
pharmacology 59
serotonin 5HT2 binding 60
as tardive akathisia causing agent 273
for tardive dyskinesia 223, 226

CNS stimulant effects 352
Cocaine induced disorders 351

dystonia 362
GTS 361
opsoclonus-myoclonus 363
tic disorders 361
tremor 366

Cocaine-related dystonic reactions 364
Cogwheel rigidity 104, 175, 385
Combined rating scales 25

Extrapyramidal Symptom Rating
Scale 25, 26

General Akathisia Tardive phenomena
& Extrapyramidal rating Schedule
(GATES) 25, 26

Involuntary Movement Scale (IMS)
25, 26

St. Hans Rating Scale for
Extrapyramidal Syndrome
(SHRS) 25, 26
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Compulsions
common compulsions 36
common obsessions 36
defined 36
obsessions 36

Computerized tomography scans 178
Contraceptives

induced chorea 434
oral 434

Cortical myoclonus 14
Craniocervical dystonias 261
Creatine kinase 177
CSF see Cerebrospinal fluid
Cyclosporine 437
Cyproheptadine 433

DA see Dopamine
Dantrolene for NMS treatment 201
Dehydration 197
Depression

emotional symptoms 41
melancholic 41
non-melancholic 41
psychomotor retardation in 40
treatment see antidepressant therapies

Desipramine
for tardive dyskinesia treatment 393
for Tourrete syndrome 392

DIA see Drug-induced akathisia
Differential diagnosis

acute DIA 142
ballism 9
chorea 8
dystonia 11
NMS 186
parkinsonism 5, 6, 107
tardive akathisia,

neuroleptic-induced 276
tardive dystonia,

neuroleptic-induced 267
tremor 7

Diltiazem-induced akathisia 431
DIP see Drug-induced parkinsonism
Diphasic dyskinesia 316, 321

treatment 337, 338
Diphenhydramine 124
Dopamine

activity 56
agonism 63

antipsychotics action 56
D1 60, 313, 325, 327
D2 324, 325
D3 325
depleting drugs 229, 276
supersensitivity 222

Dopamine agonists
apomorphine 313
D1 331
D2 313, 324–325, 331
D3 325, 331
dyskinesia inducing role 313, 324–325
induced dyskinesia

appearance of 319
D1 agonists 331
D2 agonists 331
D3 agonists 331
dopaminergic agents withdrawal

321
involuntary movements 314
pharmacological mechanisms 330
pharmacology 331
physiological changes 328
temporal patterns of 317
treatment (diphasic

dyskinesia) 338
see also Dopamine antagonists

Dopamine agonists for tardive dyskinesia
suppression

direct
apomorphine 229
bromocriptine 229
pergolide 229

indirect
amantadine 229
levodopa 229

Dopamine antagonists
causing tardive dystonia 262
for neuroleptic-induced tardive

akathisia treatment 272, 276
for tardive dystonia treatment

268–270
induced dyskinesia 33
neurotransmitters and 333
treatment and Tourette’s

syndrome 278
see also Dopamine agonists

Dopamine receptors
antipsychotics action 56
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binding 60
blocking properties 262, 430
blocking therapy 279
D1 35, 39
D2 39, 42, 43, 327
D4 42, 43

Dopaminergic agents induced dyskinesia
drug administration patterns 331
treatment 338

Dopaminergic agents withdrawal 321
Dopaminergic denervation 330
Dopaminergic drugs 201

dose effect on dyskinesia 319
induced dystonia 315

Dopaminergic effects of methylphenidate
358

Dopaminergic systems, central 193
Dopaminergic transmission 183
Dopaminomimetic drugs induced

dyskinesia 313
Dopaminomimetic stimulant drugs

amphetamine 351, 352
cocaine 351
induced movement disorders 351

ADHD 352, 360
Choreiform disorders 357
dyskinesia 354
dystonia 362
GTS 361
hyperactivity 358
opsoclonus-myoclonus 363
Parkinson’s disease 356
stereotyped behavior 353
tics disorders 359
tremor 366

3,4-methylenedioxymetamphetamine
352

methylphenidate 352
pemoline 352

Dopa-responsive dystonia 10
Dorsiflexion, asynchronous 15
Drug administration pattern, temporal

331
Drug allergy 187
Drug-induced acute dystonia

antipsychotic drugs for 72
emotional stress concerns 74
epidemiology 76
pathophysiology 86

risk factors
age 76
antipsychotic medication dosage

77
cocaine 76
concurrent AIDS infection 78
dystonic reaction, previous 77
potency medication 78
sex 76

SSRI medications 90
symptoms

blepharospasm 73
laryngospasm 73
oculogyric crisis 73
opisthotonus 74
retrocollis 72
swollen tongue 73
torticollis 72
trismus 72

timing concerns 74
treatment

acute episode 91
future pharmacological scope 93
prophylaxis 92

see also Drug-induced dystonia
Drug-induced akathisia (DIA) 140

phenomenological description 21
rating scales 21, 22, 146
symptoms 21
treatment 151
see also Acute drug-induced akathisia

Drug-induced bradykinesia
Rating scales for 22, 23
rating scales for 23
rsting scales for 23
symptoms 23

Drug-induced dyskinesia
in parkinsonian patients 314
rating scales for 24
symptoms 24

Drug-induced dystonia 72
see also Drug-induced acute dystonia

Drug-induced extrapyramidal
symptomatology 25

Drug-induced movement disorders
akathisia 21
antianxiety agents role 433
anticholinergic drugs role 432
antihistaminic drugs role 432
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Drug-induced movement disorders
(cont.)

antihypertensives role 436
anti-inflammatory agents role 436
antimicrobial drugs 436
bradykinesia 22, 23
calcium channel blockers role 430
cardiac drugs role 436
chemotherapeutic agents role 436
dyskinesia 24
immunosuppressive agents role 436
narcotic analgesics role 435
oral contraceptives role 434
parkinsonism 23
rigidity 22, 23
tremor 22, 23

Drug-induced parkinsonism (DIP)
akinesia 104
akinetic-rigid syndrome 104
with anticholinergics 111
bradykinesia 105
calcium channel blockers 120
catecholamine-depleting agents 121
clinical aspects 104
clinical course 108
cogwheel rigidity 104
depression concerns 108
differential diagnosis 107
DIP syndrome 104
in elderly 109
epidemiology 112
extrapyramidal symptoms 112
facial hypomimia 106
future research trends 130
mechanisms of action 122
with neuroleptics 111
non-neuroleptics usage 119
obsessive compulsive disorder 108
pathophysiology 114
pharmacology 114
postural instability 105
prophylaxis 130
rabbit syndrome 107
SSRI-induced 121
symptoms

bradykinesia 22, 23
rigidity 22, 23
tremor 22, 23

tardive dyskinesia and 110, 129

treatment
amantadine action 126
atypical antipsychotics 124
electroconvulsive therapy (ECT)

128
levodopa 127
neuroleptic therapy 129
symptomatic 125

tremor 105
valproic acid 119
withdrawal emergent parkinsonism

111
see also Parkinson’s disease

Drug-induced rigidity
Rating scales for 22, 23
rating scales for 23
symptoms 23

Drug-induced tremor
rating scales for 22, 23
symptoms 23

Drug withdrawal states 142
drugs

antipsychotics 21
neuroleptics 3

DWA see Dyskinesia while awake
Dyskinesia

AED-induced 417
amiodarone-induced 436
amphetamine-induced 354
appearance of 319
calcium-blockers induced 431
drug-induced 24
induced by

dopamine agonists 313
levodopa 313

musculature affected by 318
oral 261
orobuccolinguomasticatory 17
Parkinson’s disease patients 313
pattern determination 335
preventing induction of 339
rating scales 24
severity

changes during chronic therapy
320

changes during day 320
dopaminergic drug dose, effects of

319
effects of activity 318
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emotion, stress, and concentration
effects 318

spatial patterns
parkinsonism-affected dyskinesia

318
somatic musculature affected

dyskinesia 318
spontaneous 214, 302, 303
tardive 17, 24, 214
temporal patterns

diphasic dyskinesia 316
off dyskinesia 317
peak dose dyskinesia 316
runaway dyskinesia 317

Dyskinesia in levodopa-treated patients
dyskinesia prevalence 321
epidemiology 321
risk factors

age and sex 322
antiparkinson medication 324
cumulative dose 325
parkinsonism 323
parkinsonism severity 324

Dyskinesia while awake 15
Dystonia

AED-induced 418
antidepressant therapy for

ECT 393
lithium 393
TCAs 393

antipsychotic drugs treatment 72
associated with dopamine antagonist

treatment 259
calcium blocking action 431
calcium-blockers induced 431
CBZ-induced 418
classification

focal 10
generalized 10
hemidystonia 10
multifocal 10
segmental 10

cocaine-induced 362
craniocervical 261
defined 9
differential diagnosis 11
dystonia-plus 10, 11
GBP-induced 419
inducing drugs

antidepressants 85-86
anti-emetics 84

neuroleptic treatment 260
oculogyric 73
opisthotonus 74
ormyoclonus 6
paradoxical 9
PHT-induced 418
prophylaxis 92
SSRI-induced 85
symptoms 9
TGB-induced 419
VPA-induced 418

Dystonic movements 258, 266
Dystonic tremor 6

Electroconvulsive therapy (ECT) 128,
189

asterixis 384
for depression treatment 373, 376
dystonia treatment 393
Huntington’s disease 394
induced depression 384
for NMS treatment 202
parkinsonism treatment 389, 390
tardive dyskinesia suppression 238
Tourrete syndrome 392, 393

Electromyogram (EMG) 148
Electrophysiological studies of myoclonic

jerks 14
Epidemiology

acute DIA
atypical antipsychotics 145
neuroleptics 144

drug-induced acute dystonia 76
drug-induced parkinsonism 112, 114
levodopa-treated patients 321
neuroleptic-induced tardive

akathisia 272
neuroleptic-induced tardive

dystonia 260
neuroleptic malignant syndrome

192
serotonin reuptake inhibitors 145
tardive dyskinesia 213

Epilepsy
myoclonic 418
treatment via antieplileptics 408

Epileptic myoclonus 15, 16
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ESRS see Extrapyramidal Symptom
Rating Scale

Essential moyclonus 15, 16
Estrogens 323
Etiologic categories

dytonia
dystonia-plus 10
hereditodegenerative diseases 10
idiopathic 10
primary 10
secondary dystonia 10
secondary 10
symptomatic 10

myoclonus
epileptic 15, 16
essential 15, 16
physiologic 15, 16
symptomatic 15, 16

tics see Tics classification
see also Myoclonus, classification

Extrapyramidal aspects in NMS 201
Extrapyramidal side effects 114, 182,

215, 217
Extrapyramidal Symptom Rating

Scale 25, 26, 146
Extrapyramidal Symptom Scale (EPS)

148
Extrapyramidal symptomatology rating

scales 25
Extrapyramidal symptoms 55, 112, 124,

145, 285
Extrapyramidal syndrome 20, 112, 127

drug-induced 25
and NMS 184
rating scales for 25, 26
symtomology 25
VPA-induced 419

Extrapyramidal System Rating Scale
(ESRS) 125

Extrapyramidal toxicity,
amiodarone-induced 436

FBM-induced choreoathetosis 417
First generation agents (FGA), for tardive

dyskinesia 305
First generation antipsychotics 21

see also Second generation
antipsychotics

Flunarizine 430, 431

Fluoxetine
induced disorders

akathisia 145
restlessness 150

treatment for
acute DIA 145
depression 389
Huntington’s disease 394
parkinsonism 389
Tourrete syndrome 392

Fluphenazine
NMS and 181
tardive dyskinesia and 217

Focal dystonia 10

GABA
agonists for tardive dyskinesia

suppression 231
depletion 223

GABAergic
mechanisms 420
neurons 334
pathway 326

Gabapentin see GBP
GAD (glutamic acid decarboxylase)

223
Gamma amino butyric acid see GABA
GATES 25–27
GBP (gabapentin) induced disorders

408
asterixis 414
choreoathetosis 416
dystonia 419
tics 415
tremor 413

General Akathisia Tardive phenomena &
Extrapyramidal rating Schedule
25-27

Generalized dystonia 10
Genetic defects and tardive dystonia

264
Gilles de la Tourette syndrome see GTS
Glutamic acid decarboxylase 223
Gpi (Globus pallidus interna) 326, 328
GTS

cocaine-induced 361
dopaminergic activity 359
methylphenidate action 359, 360
treatment with pemoline 361
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Habits 30
Haloperidol 56, 226

for acute DIA 144, 150
induced dystonia 362
and NMS 181
for tardive dyskinesia 215, 217

HAS see Hillside Akathisia Scale
Heat stroke 188
Hemiballism 9
Hemichorea 9
Hemidystonia 10
Hemifacial spasm 18
Hereditodegenerative diseases 10, 11
High potency atypical agent for tardive

dyskinesia 218
High potency neuroleptics 226
Hillside Akathisia Scale 22, 147
HIV and NMS 183
Homovanillic acid (HVA) 194
5HT2 antagonists study 162
5HT1A agonist 333, 334
Huntington’s disease 183
Huntington’s disease, antidepressant

therapy for
ECT 394
fluoxetine 394
lithium 394
MAO inhibitors 394
mirtazapine 394
sertraline 394

Hyperactivity disorder
methylphenidate-induced 358
pemoline medication for 361

Hyperdopaminergic state 351
Hyperekplexia 18
Hyperexplexia see Hyperekplexia
Hyperkinesia, neuroleptic-induced 150
Hyperkinetic disorders

defined 4
in psychiatric patients 30
symtoms

akathisia 4
ballismus 4
chorea 4
dystonia 4
myoclonus 4
tics 4
tremor 4

Hypernatremia 185

Hyperpyrexia 189
Hyperthermia 175, 185, 189
Hypoferremia 178
Hypokinesia see Hypokinetic disorders
Hypokinetic disorders

defined 4
in psychiatric patients 38
neuropharmacological basis for 38,

39
symptoms 4
versus hyperkinetic disorders 4

Hypomagnesemia 178
Hypometabolism 184
Hypomimia

in psychiatric patients 39, 40
state in Parkinson’s disease 40

Hyponatremia 178, 185

Idiopathic dystonia 10, 260
Idiopathic Parkinson’s disease (IDP)

318
atypical antipsychotic drug

treatment 103
dopamine deficiency state 103
see also Drug-induced parkinsonism

Idiopathic tics 13
Imipramine 373
Immunosuppressive agents induced

movement disorders 436
Impaired volitional activation 86
IMS see Involuntary Movement Scale for

extrapyramidal syndrome
Infection 187

postinfectious encephalomyelitis 187
tetanus 187

Intention tremor 6
Intrinsic sympathomimetic activity (ISA)

154–155, 158, 159
Involuntary Movement Scale

dyskinesias rating 25, 27
dystonia rating 25, 27
neurophysiologic research 25, 27
parkinsonism rating 25, 27
psychopharmacologic research 25, 27

IPD see Idiopathic Parkinson’s disease
Iron

for NIA 149
role in acute DIA 149
serum iron levels 149
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Iron (cont.)
supplementation in akathisia

treatment 149
ISA see Intrinsic sympathomimetic

activity

Kinesigenic form of movement
disorders 18

Kinetic tremor 6

Lamotrigine see LMT
Lesion localization 4
Lethal catatonia (LC)

features 188
neuroleptic therapy 189
NMS and 44, 188
pathophysiology 189
treatment 44, 189

LEV (levetiracetam) 413
LEV-induced choreoathetosis 417
Levodopa 20-23

dyskinesia inducing role 313, 314
therapy for

DIP 127
NMS 201
parkinsonism 313, 314

vs. stereotactic surgery 20
Levodopa-induced dyskinesia

antiparkinson effects dissociation 332
appearance of 319
biochemical changes 328
causes

akathisia 316
ballism 315
choreoathetosis 314
dystonia 314
myoclonus 315
stereotyped movements 315
tremor 315

dopaminergic agents withdrawal 321
drug administration patterns 331
neural circuitry 329
in patients with Parkinson’s disease

314
pharmacological mechanisms 330
physiological changes 328
severity changes

during chronic therapy 320
during day 320

spatial patterns
parkinsonism-affected dyskinesia

318
somatic musculature affected

dyskinesia 318
temporal patterns

diphasic dyskinesia 316
off dyskinesia 317
peak dose dyskinesia 316
runaway dyskinesia 317

treatment
diphasic dyskinesia 337, 338
dyskinesia pattern determining

335, 336
off dystonia 338

Levodopa-treated patients
dyskinesia prevalence in 321
risk factors

age and sex 322
antiparkinson medication 324
cumulative dose 325
levodopa responsiveness 324
parkinsonism 323
parkinsonism severity 324

Limbic selectivity 63
Lipophilicity 154, 160
Lithium

for dystonia treatment 393
for Huntington’s disease 394
NMS and 182
as non-neuroleptic 119
for Parkinsonism treatment

391
for tardive dyskinesia

prevention 218
suppression 237
treatment 394

for Tourrete syndrome 393
Lithium carbonate

for depression treatment 376
induced depression

chorea 385
myoclonus 386
neuroleptic malignant syndrome

386
oculogyric crises 386
parkinsonism 385
tardive dyskinesia 386
tremor 384
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LMT (Lamotrigine) induced disorders
413

asterixis 414
choreoathetosis 417
tics 415
Tourettism 415

Localization
anatomic 4
lesion 4

Low potency neuroleptics 226

Malignant hyperthermia 187, 195
Manidipine induced parkinsonism 431
Mannerisms of psychiatric patients 32
MAO inhibitors see Monoamine oxidase

inhibitors
MARU see Monoamine reuptake

inhibitors
MDMA (3,4-

methylenedioxymetamphetamine)
352

Mefenamic acid 437
Melancholic depression 41
Melatonin 41
Membrane stabilizing effects 154
Metabolic encephalopathy 315
3,4-methylenedioxymetamphetamine see

MDMA
Methylphenidate

for ADHD treatment 352, 359,
360

antiparkinsonism effects 356
CNS stimulant 352
dopaminergic effects 358
for hyperkinetic disorder 358
induced chorea 357
in patients with

choreiform disorders 357
Parkinson’s disease 356
tics disorders 359

for tics disorder treatment 360
1-methyl-4-phenyl-1,2,5,6-

tetrahydropyridine see
MPTP

Metoclopramide 183
Metoprolol (lipophilic, beta-selective)

160
MH see Malignant hyperthermia
Mirtazapine for 375

Huntington’s disease 394
parkinsonism treatment 389
tremor treatment 391

Molindone 226
Monoamine oxidase (MAO) 352
Monoamine oxidase inhibitors (MAOI)

190
for Huntington’s disease 394
induced depression

akathisia 383
buccolingual-masticatory syndrome

384
dystonia 383
myoclonus 383
parkinsonism 383
tremor 383

for myoclonus treatment 391
nonselective 374
preferential 374

Monoamine reuptake (MARU) inhibitors
373, 374

atypical antidepressants 382
induced depression 377
for myoclonus treatment 391
for parkinsonism treatment 388, 390
potencies towards major drugs 375
serotonin-selective reuptake inhibitors

(SSRI) 380
tricyclic antidepressants (TCA) 377

Movement disorders
akathisia 15
amphetamine-induced 352
ataxia 408
via atypical antipsychotics usage 285
brain disorders 3
causes 3
diagnosis 3
differential diagnoses 4
drug-induced 20, 430
drugs for 3
dyskinesia while awake 15
epilepsy 408
hemifacial spasm 18
hyperekplexia 18
induced by

antidepressant therapy 376
dopaminomimetic stimulant

drugs 351
lower limbs disorder 15
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Movement disorders (cont.)
neuroleptic drugs, use of 3
neurological symtoms 4
NMS 174
nocturnal myoclonus 15
obsessive-compulsive disorder 36, 37
paroxysmal choreoathetosis 18
psychiatric manifestations 3
in psychiatric patients 30
rapid or slower myoclonic movements

15
rating scales 20
restless legs syndrome 15
in schizophrenia 41, 42
symptoms

ballism 8
chorea 6
dystonia 9
myoclonus 12
parkinsonism 5
tics 10
tremor 6

tardive dyskinesia 17
treatment 3
types

hyperkinetic 4
hypokinetic 4

movements, semi-voluntary 10
MPTP (-methyl-4-phenyl-1,2,5,6-

tetrahydropyridine)
induced movement disorders 435
induced parkinsonism 317, 319,

324-331
primed primates 334
treated monkey model 314, 339

MSE see Membrane stabilizing effects
Multifocal dystonia 10
Muscle contractions 195
Muscle relaxants 200
Muscle rigidity 175
Musculature affected by dyskinesia 318
Mutations and tardive dystonia 264
Mutism

akinetic 46
defined 46
treatment 46

Myoclonic epilepsy 418
Myoclonic tremor 6
Myoclonus 315

AED-induced 413
amiodarone-induced 436
antidepressant therapy for

bupropion 391
iproniazid 391
MAO inhibitors 391
MARU inhibitors 391

classification
action-induced 14
branchial 14
cortical 14
cortical 14
focal reflex 14
generalized 14
multifocal 14
propriospinal 14
reflex-induced 14
reticular 14
segmental 14
spinal 14
spontaneous 14
subcortical 14

defined 12
diagnosis 16
dystonia 10, 15
nocturnal 15
pathology 14
symptoms 12
tardive 277

Nabilone 335
Nadolol (nonlipophilic, nonselective)

159
Narcotic analgesics induced movement

disorders
myoclonus 435
parkinsonism 435

Narcotic analgesics 435
Nefazodone 375
Negative symptoms 42
Negativism 45, 46
Neurodegeneration 4
Neurodegenerative diseases

ALS-parkinsonism-dementia complex
of Guam 5

Alzheimer’s disease 5
corticobasal degeneration 5
dementia with Lewy bodies 5
dopa-responsive dystonia 5
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Hallervorden-Spatz disease 5
Huntington’s disease 5
multiple system atrophy 5
neuroacanthocytosis 5
progressive supranuclear palsy 5
secondary parkinsonism 5
spinocerebellar ataxias 5
Wilson’s disease 5

Neurodegenerative syndromes 10
Neuroimaging 6
Neuroleptic discontinuation for tardive

dyskinesia 219, 220
Neuroleptic-induced akathisia (NIA)

beta-blocking agents
nonselective 158, 159
propranolol 154
selective 160

treatment
amantadine 152, 153
anticholingerics 152
benzodiazepines 153
pharmacological treatment 151

see also Acute neuroleptic-induced
akathisia

Neuroleptic-induced disorders
akathisia see Neuroleptic-induced

akathisia
hyperkinesia 150
parkinsonism 23, 24
restlessness 151
tardive dyskinesia 257, 258
see also Neuroleptics

Neuroleptic-induced tardive akathisia,
treatment of

beta-blocker proppranolol 276
DA antagonists 276
DA-depleting drugs 276
tetrabenazine 276

Neuroleptic malignant-like syndrome
(NMLS) 184

Neuroleptic malignant syndrome (NMS)
44

clinical signs 175
clozapine-induced 288
complications 179
diagnosis 178
differential diagnosis 186
dopaminergic transmission 192
epidemiology 192

features
CK elevations 195
hyperthermia 195
muscle contractions and rigidity

195
future considerations 203
in HIV infected pateints 183
laboratory features of 177
lithium action 182
and malignant hyperthermia (MH)

195
neuroleptic potency concerns 181
neuroleptics and 183, 197-199
olanzapine-induced 291, 292
in patients with neurological diseases

183
in patients with Parkinson’s disease

184
parkinsonian features 176
pathogenesis 192
pathology 192
pathophysiology 189
in psychiatric patients 182, 203
quetiapine-induced 293
resulting situations 180
risk factors

5HT1A polymorphism 199
5HT2A polymorphism 199
dehydration 197
hyperthermia 199
neuroleptic dosages 197

risperidone-induced 290
symptoms

autonomic dysfunction 175
chorea 176
cogwheel rigidity 175
dyskinesias 176
dystonia 176
hypertension 176
hyperthermia 175
hypoactivity 177
hypotension 176
muscle rigidity 175
musculoskeletal complications

176
mutism 176
orobuccolingual dyskinesia

176
stereotypic mannerisms 177
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Neuroleptic malignant syndrome (NMS)
(cont)

treatment
amantadine therapy 201
anticholinergics 202
antiparkinsonian agents 200
antipsychotic agents 203
benzodiazepines 201, 202
bromocriptine 200
carbamazepine 202
dantrolene sodium 200
dopaminergic drugs 201
electroconvulsive therapy (ECT)

202
extrapyramidal aspects 201
levodopa 201
parkinsonian medications 203
for patients on neuroleptics 200
pharmacotherapy 203
therapeutic response 202
thioridazine 203
with hyperthermia 202

ziprasidone-induced 294
Neuroleptics 3-6, 55

for acute DIA 144
benzamides 122
butyrophenones 122
causing acute dystonia 260
chronic akathisia and 271
chronic dystonia and 258
for drug-induced parkinsonism 112,

114
dystonia treatment 260
for Lethal catatonia 189
NMS and 181-182, 197-199
for tardive dyskinesia

fluphenazine 217
haloperidol 217

Neurological diseases 3
Neurological symptoms 4
Neuropharmacological basis for

hypokinetic disorders 38, 39
Neurophysiologic abnormalities in

obsessive-compulsive
disorder 38

Neuropsychiatric conditions 30
Neuropsychiatric disorders 20
Neurosurgical interventions in tardive

dyskinesia suppression 238

Neurotoxicity 223, 224
Neurotransmitter systems 338, 339
Neurotransmitters and dyskinesia 333
Nigrostriatal dopamine system 39
Nimodipine 431
Nitric oxide synthase (NOS) 89
NMDA (N-methyl-aspartate) 64
NMDA receptor 333, 337
NMLS see Neuroleptic malignant-like

syndrome
NMS see Neuroleptic malignant

syndrome
Nocturnal myoclonus 15
Non-melancholic depression 41
Non-neuroleptic DIP 119
Nonselective beta-blockers 158
Norepinephrine 375
Nortriptyline 380
NOS see Nitric oxide synthase

Obsessions 36
Obsessive-compulsive disorder (OCD)

36
autoimmune hypothesis 38
etiologies for 38
neurophysiologic abnormalities 38
selective serotonin reuptake inhibitor

(SSRI) treatment 37
symptoms 37
tics and 37
Tourette’s syndrome 37

Oculogyric crisis 73
Oculogyric dystonia 73
Off dystonia 317, 320, 338

see also On dyskinesia
Olanzapine

comparison with other atypicals
292

for drug-induced acute dystonia 81
for drug-induced parkinsonism 115,

117
induced movement disorders

neuroleptic malignant
syndrome 291, 292

Parkinson’s disease 292
tardive dyskinesia 291

for tardive dyskinesia
prevention 217
treatment 215
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On dyskinesia 320, 336
see also Off dystonia

Opisthotonus dystonia 74
Opsoclonus-myoclonus, cocaine-induced

363
Oral antiepileptic drugs 409
Oral-buccalingual tardive dyskinesia

260
Oral contraceptives induced movement

disorders
acute hemichorea 435
chorea 434
Sydenham’s chorea 434
tremor 435

Oral dyskinesia 261
Oral-lingual dyskinesia 260
Oral tardive dyskinesia 262
Orobuccolingual dyskinesias,

AED-induced 417
Orobuccolinguomasticatory dyskinesia

17
Orofacial dyskinesia 435
Oxcarbazepine (OXC) 410

PAAM see Postanoxic action myoclonus
Palatal myoclonus 14
PANDAS see Pediatric autoimmune

neuropsychiatric disorders
associated with streptococcal
infections

Paradoxical dystonia 9
Paratonia 45
Parkinson’s disease 4, 5

amphetamine action 356
with bradykinesia 40
clozapine-induced 288
hypomimic state 40
idiopathic 103
methylphenidate action 356
NMS and 184
olanzapine-induced 292
patients with Dyskinesia 313
quetiapine-induced 293
risperidone-induced 290
treatment

levodopa 20, 22, 23
stereotactic surgery 20, 22, 23

ziprasidone-induced 294
see also Parkinsonism

Parkinsonian bradykinesia 40, 41
Parkinsonian EPS 152
Parkinsonian medications for NMS 203
Parkinsonian patients with drug-induced

dyskinesia
dopamine agonists-induced 314
levodopa-induced 314

Parkinsonian symptomatology 316, 323
Parkinsonism 4, 5

AED-induced 419
affected dyskinesia 318
amiodarone-induced 436
antidepressant therapy for

atypical antidepressants 389
ECT 389, 390
fluoxetine treatment 389
lithium 391
MARU inhibitors 388, 390
mirtazapine 389
SSRI 388
TCA 388

calcium-blockers induced 431
CBZ-induced 420
diagnosis 6
differential diagnosis 5
drug-induced 23, 103
features

bradykinesia 6
postural instability 6
resting tremor 6
rigidity 6

pathophysiology 326
PHT-induced 420
Pindolol-induced 436
secondary 5
severity as dyskinesia inducing risk

factor 323, 324
VPA-induced 419, 420
withdrawal emergent 111
ZNS-induced 420
see also Parkinson’s disease

Paroxetine
induced akathisia 145
for Tourrete syndrome 392

Paroxysmal choreoathetosis 18
Pathogenesis of NMS

central dopaminergic systems 193
central serotonergic system 197
central sympathetic systems 197
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Pathogenesis of NMS (cont.)
muscle 195
peripheral sympathetic systems 197

Pathology of NMS 192
Pathophysiology 4, 20

acute DIA 162
basal ganglia model

dysfunction 326
function 326

drug-induced acute dystonia
antipsychotic medications 87
basal ganglia role 86
neurochemical anatomy of striatum

87
drug-induced parkinsonism 114
NMS 189
parkinsonism 114, 326
tardive dyskinesia

dopamine supersensitivity 222
GABA depletion 223
neurotoxicity 223, 224
striatal dysfunction 224

see also Pharmacology
Pathways, polysynaptic propriospinal

14
PB see Phenobarbitone
PCP see Phencyclidine
Peak dose (on) dyskinesia treatment

336
Peak dose dyskinesia 316, 319, 321
Pediatric autoimmune neuropsychiatric

disorders associated with
streptococcal infections
(PANDAS) 38

Pemoline
ADHD treatment 361
attention deficit hyperactivity disorder

(ADHD) treatment 352
CNS stimulant effects 352
GTS treatment 361
for hyperactivity 361
induced chorea 358
tics disorder treatment 361

Penicillins 436
Pergolide for tardive dyskinesia

supression 230
PET see Positron emission tomography
PFC see Prefrontal cortex
Pharmacologic treatment

NIA 151
tardive dystonia 216, 269

Pharmacology
clozapine 59
drug-induced parkinsonism

antipsychotic drugs 114
antipsychotic effects 114
extrapyramidal side effects 114
neuroleptic drugs 114

levodopa-induced dyskinesia
dopamine receptor subtypes 331
dopaminergic denervation 330
dose response 330
repeated dosing 330

see also Pathophysiology
Pharmacotherapy 203
Phencyclidine 64
Phenobarbitone 408
Phenothiazine

induced decompensation 141
NMS and 183

PHHA see Prince Henry Hospital
Akathisia (PHHA) Rating Scale

PHT (phenytoin)
induced disorders

asterixis 413
choreoathetosis 415, 416, 417
induced dystonia 418
parkinsonism 420
restless legs syndrome 420
tremor 412

intoxication 408
Physiologic myoclonus 15, 16
Physiological changes and dyskinesia

328
Pindolol

induced disorders
chorea 436
parkinsonism 436

lipophilic, nonselective, with ISA 158
Pisa syndrome 259
Plastic resistance see Catalepsy
Polymorphonuclear leukocytosis 177
Polymyositis 191
Polysynaptic propriospinal

pathways 14
Positive symptoms 42
Positron emission tomography 329
Postanoxic action myoclonus 391
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Postencephalitic parkinsonism 356
Postural instability in parkinsonism 105
Postural tremor 6
Potency medication

for drug-induced acute dystonia 78
high-potency medication

fluphenazine 78
haloperidol 78
vs. low-potency medication 78

low-potency medication
chlorpromazine 78
thioridazine 78

Prefrontal cortex 42
Primary dystonias 10, 11
Primary tics 13
Prince Henry Hospital Akathisia

(PHHA) Rating Scale 22
PRM (primidone) 408, 414
Prophylactic drugs 93
Prophylactic medication 92
Prophylaxis 129
Propranolol for

acute DIA 142
acute NIA 155
neuroleptic-induced tardive akathisia

treatment 276
NIA 157
tardive dyskinesia supression 230

Propriospinal myoclonus 14
Pseudoakathisia 143, 270, 272, 274
Psychiatric disorders 142
Psychiatric patients, movement disorders

in
akinesia 39, 40
bradykinesia 39, 40
catalepsy 45
catatonia 43
compulsions 36
depression symptoms 40
habits 30
hyperkinetic disorders 30
hypokinetic disorders 38
hypomimia 39, 40
mannerisms 32
mutism 46
negativism 45, 46
obsessive-complusive disorder 36, 37
psychomotor retardation 40
rigidity 44

schizophrenia 41, 42
stereotypies 32

Psychiatric symptoms 30
Psychological pillow 44, 45
Psychomotor retardation in depression

40, 41
Psychopathology 142
Psychopharmacology 20
Psychostimulant 351

Quetiapine 57
for drug-induced acute dystonia 83
for drug-induced parkinsonism 115,

118
induced movement disorders 292

neuroleptic malignant syndrome
293

Parkinson’s disease 293
tardive dyskinesia 292

Rabbit syndrome 107
Rating Scale for Extrapyramidal Signs

109
Rating Scale for Extrapyramidal

Symptoms 125
Rating scales for

acute DIA
Barnes Akathisia Scale 148
Extrapyramidal Symptom Rating

Scale 146
Extrapyramidal Symptom

Scale 148
Hillside akathisia scale 147
Simpson/Angus Extrapyramidal

Symptom Scale 147
DIP

Extrapyramidal System Rating Scale
(ESRS) 125

Rating Scale for Extrapyramidal
Symptoms (REPS) 125

Simpson Angus Scale 125
drug-induced akathisia

Barnes Akathisia Scale (BAS) 22
Hillside Akathisia Scale (HAS) 22
Prince Henry Hospital Akathisia

(PHHA) Rating Scale 22
drug-induced dyskinesia

Abnormal Involuntary Movement
Scale 24
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Rating scales for (cont.)
Simpson/Rockland Tardive

Dyskinesia Rating Scale 24, 25
Smith Tardive Dyskinesia Scale 25

drug-induced parkinsonian
bradykinesia 23

drug-induced parkinsonian 22
Simpson-Angus Scale 23
Unified Parkinson’s Disease Rating

Scale (UPDRS) 23
extrapyramidal symptomatology

Extrapyramidal Symptom Rating
Scale (ESRS) 25, 26

General Akathisia Tardive
phenomena & Extrapyramidal
rating Schedule (GATES) 25, 26

Involuntary Movement Scale (IMS)
25, 26

St. Hans Rating Scale for
Expyramidal Syndrome (SHRS)
25, 26

Receptor blockade effects 58
Remacemide 333
REPS see Rating Scale for Extrapyramidal

Signs
Reserpine 55
Resting tremor 6

see also Action tremor
Restless leg syndrome 140, 143, 149, 382

AED-induced 420
CBZ-induced 420
defined 15
PHT-induced 420
symptoms

aching 15
burning or coldness 15
heaviness 15
itching 15
tension 15

Restlessness
fluoxetine-induced 150
neuroleptic-induced 151

Reversible parkinsonism 435
Rigidity 4

drug-induced 22, 23
rating scales for 22, 23

Risperidone 57, 79
comparison with other atypicals 290
for drug-induced acute dystonia 79

for drug-induced parkinsonism 115,
116

for tardive dyskinesia 217
supression 228
treatment 216

induced movement disorders
neuroleptic malignant

syndrome 290
Parkinson’s disease 290
tardive dyskinesia 289, 290

RLS see Restless leg syndrome
Runaway dystonia 317

SCA 2 see Spinocerebellar ataxias type 2
SCA 3 see Spinocerebellar ataxias type 3
Schizoaffective disorder 305
Schizophrenia 41

antipsychotics action 56
catatonia 43
negative symptoms 42
with obsessive compulsive symptoms

37
positive symptoms 42
prefrontal cortical abnormalities 42
tardive dyskinesia and 303

Schizophrenic disorders 44, 45
Schizophrenic patients mannerisms 32
Second generation antipsychotics 24, 56

see also First generation antipsychotics
Second generation medications 304
Secondary dystonia 10, 11
Secondary parkinsonism

drugs 5
infectious 5
neoplastic 5
neurodegenerative diseases 5
toxic 5
vascular 5

Secondary tics 13
Segmental dystonia 10
Segmental myoclonus

rhythmic 15
spontaneous 15

Selective beta-blockers 160
Selective serotonin reuptake inhibitors

see SSRI
Semi-voluntary movements 10
Serotonergic drugs for tardive dyskinesia

suppression 236
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Serotonergic receptors 64
Serotonergic system 37, 42
Serotonin and noradrenaline reuptake

inhibitors see SNRI
Serotonin blocking effects 430
Serotonin 5HT2/dopamine D2 binding

ratio 60
Serotonin metabolism 193
Serotonin reuptake inhibitors see SRI
Serotonin selective reuptake inhibitors

see SSRI
Serotonin syndrome

atypical antidepressants induced 383
causes 191
SSRI-induced 381
symptoms 190
treatment 191

Sertindole for tardive dyskinesia
prevention 217

Sertraline for
Huntington’s disease 394
Tourrete syndrome 392

Serum iron levels 149
Severe encephalopathic syndrome 182
SGA see Second generation antipsychotics
SHRS see St. Hans Rating Scale for

Expyramidal Syndrome
Simpson/Angus Extrapyramidal

Symptom Scale for acute
DIA 147

Simpson-Angus Scale 23, 125
SNc see substantia nigra pars compacta
SNr see substantia nigra pars reticulata
SNRI (Serotonin and noradrenaline

reuptake inhibitors) 86
Somatic musculature affected

dyskinesia 318
Spinal myoclonus 14
Spinocerebellar ataxias type 2 323
Spinocerebellar ataxias type 3 323
Spiny neurons action 88
Spontaneous dyskinesia 214, 302, 303
SRI (Serotonin reuptake inhibitors) 144,

145, 236
see also SSRI

SSRI (Selective serotonin reuptake
inhibitors) 37, 85, 121

see also SNRI; SRI
citalopram 374

escitalopram 374
fluoxetine 374
fluvoxamine 374
induced depression 380
medications for drug-induced dystonia

90
for parkinsonism treatment 388
paroxetine 374
sertraline 374
for Tourrete syndrome 392

SSRI-induced disorders
akathisia 146
DIP 121
dystonia 85
induced depression

acute dystonic reactions 380
akathisia 380, 381
bruxism 382
drug-induced parkinsonism 381
myoclonus 381
neuroleptic malignant syndrome

381
reversible dyskinesias 381
serotonin syndrome 381
tardive dyskinesia 381
tics 381
tremor 380

Startle disease see Hyperekplexia
Stereotactic basal ganglia surgery 20
Stereotactic surgery 20, 22, 23
Stereotyped behavior,

amphetamine-induced 353
Stereotyped movements 315
Stereotypic behavior

in animals 35
charateristics 34
in children 34
common stereotypies 32
conditions associated with 33
in schizophrenic patients 34
symptoms 32, 34

autistic disorders 33
mental retardation 33

Stereotypies forms
orofacial-lingual-masticatory 34
tardive dyskinesia 34

Stereotypy see Stereotypic behavior
Stimulant drugs see Dopaminomimetic

stimulant drugs
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STN see Subthalamic nucleus
Striatal dysfunction 224
Striatal interneurons

cholinergic 88
GABAergic 89
NOS-positive 89

Striatum neurochemical anatomy 87
Subcortical myoclonus 14
Substantia nigra pars compacta 326
Substantia nigra pars reticulata 326
Subthalamic nucleus 326, 327, 328, 337
Supersensitivity, dopamine 222
Suppressive therapy for tardive

dyskinesia 221
Sydenham’s chorea 357, 435
Sympathetic systems

central 197
peripheral 197

Symptomatic DIP treatment 125
Symptomatic dystonia 10
Symptomatic myoclonus 15, 16
Symptomatology 20, 22, 23
Symptoms, neurological 4

Tardive akathisia, neuroleptic-induced
chronic akathisia 271
clinical features

clinical course 275
motor features 274
subjective state of akathisia 274

DA antagonists therapy 272
diagnosis 271
differential diagnosis 275
epidemiology 272
nature of 270
treatment 276

Tardive dyskinesia (TD) 17, 20, 24, 143
AED-induced 417
antidepressant therapy for

amoxapine 393
citalopram 393
desipramine 393
lithium 394
trazodone 393

assumptions 302
atypical agents usage 215
atypical neuroleptics for 227
calcium-blockers induced 431
chronic dystonia 258

in chronic schizophrenic patients 214
clozapine-induced 287, 288
disappearing concerns about 302
drug-induced parkinsonism and 110,

129
epidemiology 213
first generation agents, use of 305
history 213
neuroleptic drug use 258
neuroleptic-induced 257–258, 270
neuroleptic therapy 213, 216
olanzapine-induced 291
oral 262
oral-buccalingual 260, 261
pathophysiology 222
patients management 218

atypical antipsychotics 221
clinical course 219
neuroleptic discontinuation 219,

220
pathophysiology 222
suppressive therapy 221

prevention
atypical neuroleptics use 217
chlorpromazine 216
chronic neuroleptic treatment 218
extrapyramidal side effects 217
lithium for 218
neuroleptic treatment 216
pharmacological therapy 216
risperidone 217
in schizophrenic patient 217
therapeutic response 217

psychiatric diagnosis 214
quetiapine-induced 292
rating scales 24
risk factors

agranulocytosis 215
clozapine’s therapeutic profile 215
extrapyramidal side effects 215
neuroleptics exposure 214

risperidone-induced 289, 290
schizophrenic patients 303
second generation medications 304
suppression

anticholinergics 230, 231
antioxidants 233
with atypical antipsychotics 226
benzodiazepines effects 231, 232
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botulinum toxin 237
calcium channel blockers 233
cholinergics 231
dopamine agonists 229
dopamine-depleting agents 229
with ECT 238
future research strategies 238
GABA agonists 231
lithium 237
with neuroleptic doses 226
neurosurgical interventions 238
noradrenergic antagonists 230
serotonin reuptake inhibitors 236
serotoninergic modulation 236
therapeutic agents 237
with typical antipsychotics 225
vitamin E effects 233, 234

typical agents usage 215
variants

tardive akathisia 257, 270
tardive dystonia 257, 258

ziprasidone-induced 293
Tardive dystonia

causing agents
atypical neuroleptics 262
dopamine antagonists 262
genetic mutations 264
typical neuroleptics 262

neuroleptic-induced
clinical features 264-265
diagnostic criteria 260
diagnostic evaluation 267
differential diagnosis 267
epidemiology 260
nature of dystonic movements 258
treatment 268

treatment
anticholinergics 269
anti-dopaminergic therapy 269
botulinum toxin 269
DA antagonists 268, 269, 270
pharmacologic treatments 269

Tardive myoclonus 277
Tardive stereotypies see Tardive

dyskinesia
Tardive tics 277
Tardive tremor 278
TCA see Tricyclic antidepressants
TD see Tardive dyskinesia

Temporal drug administration pattern
331

Tetrabenazine
and NMS 183
for neuroleptic-induced tardive

akathisia treatment 276
TGB see Tiagabine
Thioridazine 361, 203
Tiagabine (TGB) 412, 419
Tics disorders

AED-induced 415
amphetamine action 359
antidepressant therapy for 392
CBZ-induced 415
classification

primary or idiopathic 13
secondary 13

cocaine-induced 361
defined 10
GBP-induced 415
LMT-induced 415
methylphenidate action 359
obsessive-compulsive disorder and

37
pathophysiology of 10
related disorders 13
symptoms 10, 12
tardive 277
treatment

clonidine 361
methylphenidate 360
pemoline 361

Tourette syndrome 37
antidepressant therapy for

bupropion 392
clomipramine 392
desipramine 392
ECT 392, 393
fluoxetine 392
lithium 393
paroxetine 392
sertraline 392
SSRI 392
TCAs 392

dopamine antagonist treatment 278
Gilles de la Tourette syndrome (GTS)

359
treatment

Tourettism, LMT-induced 415
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Tranquilization 55
Tranquilizers 56
Trazodone 375, 382

for tardive dyskinesia treatment 393
for tremor treatment 391

Tremor 315
AED-induced 411
antidepressant therapy for

Mirtazapine 391
trazodone 391

CBZ-induced 412, 413
classification

action tremor 6
resting tremor 6

cocaine-induced 366
defined 6
differential diagnosis 7
DIP 105
drug-induced 22, 23
GBP-induced 413
PHT-induced 412
rating scales for 22, 23
symptoms 6
tardive 278
VPA-induced 411

Tricyclic antidepressants (TCA) 85
for dystonia treatment 393
induced depression

acute dystonic reactions 378
akathisia 380
chorea 379
myoclonus 379
neuroleptic malignant syndrome

380
orofacial dyskinesias 379
parkinsonism 378
tardive dyskinesia 378
tremor 377, 378

for Parkinsonism treatment 388
secondary amine

amoxapine 374
desipramine 374
nortriptyline 374
protriptyline 374

tertiary amine
amitriptyline 374
clomipramine 374
doxepin 374
imipramine 374

trimipramine 374
for Tourrete syndrome 392

Trimeprazine 183
TS see Tourette’s syndrome
Typical antipsychotics 55, 215, 225

see also Atypical antipsychotics
Typical neuroleptics 262

see also Atypical neuroleptics

Unified Parkinson’s Disease Rating Scale
(UPDRS) 23

Valproate 408
Valproic acid (VPA)

induced disorders
induced parkinsonism 119
therapy 119
tremor 411

asterixis 414
choreoathetosis 416
dystonia 418
extrapyramidal syndrome 419
parkinsonism 419, 420

Venlafaxine 382
Ventral tegmental area 150
Ventral thalamotomy 238
Ventrolateral thalamotomy 329
Vitamin E effects on TD suppression

233, 234
VTA see Ventral tegmental area

Waxy flexibility 44
Wilson’s disease 192, 268
Withdrawal emergent chorea 279
Withdrawal emergent parkinsonism

111
Withdrawal emergent syndromes 279

Ziprasidone
for drug-induced acute dystonia 84
for drug-induced parkinsonism 118
induced movement disorders 293

neuroleptic malignant syndrome
294

Parkinson’s disease 294
tardive dyskinesia 293

zonisamide (ZNS)
induced asterixis 414
induced parkinsonism 420
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