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Series Editor’s Introduction

Movement Disorder Emergencies: Diagnosis and Treatment provides a fresh
and unique approach to what is already a high-profile subspecialty area in clinical
neurology. The disorders covered in this volume are standard fare in the field but
emphasize the urgencies and emergencies that can occur. One of the very attractive
features of the field of movement disorders is that diagnosis is often based on unique
visible and sometimes audible phenomenological symptoms and signs. Therefore,
in this era of highly sophisticated laboratory and radiological diagnostic tools, the
diagnosis of many movement disorders is still largely made in the clinic where
pattern recognition is key. Crucial to astute clinical diagnosis is broad clinical
experience. In short, you have to have seen one to recognize one! Patients with
movement disorders nearly always present as outpatients but, as aptly recognized
by Drs. Frucht and Fahn, this may include acute manifestations leading to
emergency presentations, often in an emergency room setting, where they are very
likely to be unrecognized and therefore poorly managed.

The authors define an “emergency” movement disorder as one in which failure
to promptly diagnose and treat may result in significant morbidity or mortality.
However, they also stress the importance of certain “can’t miss” diagnoses such as
Wilson’s disease, dopa-responsive dystonia, and Whipple’s disease in which
delayed diagnosis in less emergent situations can lead to slowly evolving and often
irreversible neurological damage with tragic consequences. Particularly useful are
patient vignettes at the beginning of each chapter, which serve to focus the reader’s
attention and highlight the urgency of the problem being discussed. The chapters
are very practical in emphasizing keys to diagnosis and treatment but do not skimp
on the underlying science, thereby providing in one reference source most of what
is necessary to know about these disorders.

Especially useful are chapters devoted to specific disorders that often fail to get
sufficient attention of their own in movement disorder texts. For example, consistent
with the well-known emergency medicine axiom to first assure an adequate
airway, there are chapters devoted to vocal cord abductor paresis in multiple
system atrophy and emergencies of the upper aerodigestive tract. Malignant
catatonia gets its own chapter and the parkinsonism-hyperpyrexia syndrome is
presented separately from neuroleptic malignant syndrome. The remaining
chapters comprehensively cover the broad range of movement disorders in a
manner the readership will find very satisfying.

Daniel Tarsy, MD

Parkinson’s Disease and Movement Disorders Center
Beth Israel Deaconess Medical Center
Harvard Medical School, Boston, MA



Preface

The neurologist’s standard questions when approaching a patient are: “Where is
the lesion? What is the lesion? What can I do about it?” When perusing Movement
Disorder Emergencies: Diagnosis and Treatment, we expect the interested reader
to pose a similar set of questions: “Why another book about movement disorders?
What is a movement disorder emergency?”; and most importantly, “Is this book
worth the money?”

Commonly thought of as a pure outpatient specialty, movement disorders may
present urgently within the hospital or to the emergency room. The response to a
course on the topic that we delivered from 2001 to 2004 at the American Academy of
Neurology annual meeting convinced us that the time was right for a small volume
devoted to the subject. We hope that the interested reader will agree that the disorders
and clinical problems presented in the text are important, well within the purview of
neurology residents, general neurologists, movement disorder fellows and movement
disorder neurologists. We would be delighted if neurointensivists or those interested in
emergency medicine also were interested.

In answer to the final (and most important) question facing those who must
decide whether or not to read Movement Disorder Emergencies: Diagnosis and
Treatment, consider this. We are grateful to our many contributors, drawn from an
international roster, for the time and effort they expended in producing these carefully
written, comprehensive chapters. We think you will agree that they represent some of
the leading experts in the discipline. If you don’t care for the format or presentation,
blame the editors, not the contributors. The accompanying CD illustrates virtually all of
the movement disorder emergencies described in the text, a necessary and in our view
indispensable resource for learning about these conditions.

We wish to thank our colleagues and families for their help and support. This
book is dedicated to the patients depicted within, who often endure these disorders
with grace and stoicism.

Steven J. Frucht, MD

Stanley Fahn, MD

vii
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From: Current Clinical Neurology: Movement Disorder Emergencies: Diagnosis and Treatment
Edited by: S. J. Frucht and S. Fahn © Humana Press Inc., Totowa, NJ

1
A Brief Introduction to Movement Disorders

Steven J. Frucht and Stanley Fahn

INTRODUCTION

Movement disorders is a subspecialty field of neurology concerned with pa-
tients who either move too much or not enough. This text and its accompanying CD
are not designed to serve as a basic textbook of movement disorders. Several excel-
lent texts are already available to satisfy this need. Rather, this book focuses on an
interesting and, we think, underrepresented area within movement disorders: move-
ment disorder emergencies.

We define a movement disorder emergency as any neurological disorder, evolv-
ing acutely or subacutely, in which the clinical presentation is dominated by a pri-
mary movement disorder, and in which failure to accurately diagnose and manage
the patient may result in significant morbidity or even mortality. Movement disor-
der emergencies include such diverse entities as acute forms of parkinsonism, cho-
rea, and tics; disease-specific emergencies such as abductor paresis in multiple
system atrophy; and conditions like Wilson’s disease and dopa-responsive dystonia
where failure to properly diagnose and treat the patient leads to unacceptable morbidity.

This short chapter will begin with a clinical review of our approach to a patient
with a movement disorder. We also review the major categories of movement dis-
orders as a prelude to the chapters that follow. Videotaped examples of the primary
movement disorders are presented in the accompanying CD. In addition, each chap-
ter begins with one or more patient vignettes, and wherever possible videotaped
examples of the various movement disorder emergencies have been included in the CD.

THE APPROACH TO THE PATIENT
WITH A MOVEMENT DISORDER

Like all areas of neurology, the approach to the patient with a movement disor-
der begins with the patient’s history. Certain elements of the history are particu-
larly important in patients with movement disorders. Patients presenting with an
acute movement disorder emergency may be unable to provide a history; however,
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most patients referred for evaluation to an outpatient center can provide key ele-
ments of their stories. Patients and their spouses or companions should be asked to
describe the time course in which symptoms developed (hours vs days vs months),
whether the condition is getting worse, whether involuntary movements are sup-
pressible, what factors trigger or ameliorate their symptoms, and whether move-
ments are present only while awake or also while asleep. A complete review of past
and present medications, including those purchased without a prescription, is criti-
cal. Exposure to environmental chemicals, occupational toxins, or illicit drugs, and
family history of neurological disabilities are other important queries.

Examination of a patient with a movement disorder depends on careful observa-
tion. We often simply watch patients for several minutes in order to define the
phenomenology of the movements. Unlike classical neurology’s emphasis on lo-
calization, it is far more important to define the phenomenology of the movements
than to determine their origin. Patients can be classified into two main groups—
those who move too little (hypokinetic or parkinsonian) and those who move too
much (hyperkinetic). Hyperkinetic disorders are further classified by the speed of
the movements, their frequency and amplitude, whether they are regular or irregu-
lar, and their stimulus-sensitivity. Dystonia, chorea, tics, myoclonus, and tremor
are the major forms of hyperkinetic movement disorders. Sometimes more than one
movement disorder is present, such as in a patient with generalized parkinsonism
and dystonia of the hand, or in a patient with myoclonus and dystonia.

All patients referred for evaluation of a movement disorder should also receive a
general neurological examination, including a Mini-Mental Status Exam. Labora-
tory and imaging studies are of secondary importance in the movement disorder
evaluation, and are best used to confirm or refute possible diagnoses suggested by
history and examination. If needed, magnetic resonance imaging (MRI) is the pre-
ferred imaging modality in most patients.

HYPOKINETIC DISORDERS

Akinesia, hypokinesia, and bradykinesia are terms used to describe patients with
an absence or paucity of movement. The latter term is most commonly used, and
refers to patients with parkinsonism. Parkinsonism is a neurological syndrome char-
acterized by a combination of one of six cardinal features: rest tremor, bradykine-
sia, rigidity, flexed posture, freezing, and loss of postural reflexes. At least two of
the six cardinal features must be present before the diagnosis of parkinsonism can
be made, with one of them being rest tremor or bradykinesia.

Patients with parkinsonism can be classified by etiology into four groups. Pri-
mary parkinsonism (i.e., Parkinson’s disease) is a neurodegenerative disorder char-
acterized by loss of dopaminergic neurons within the substantia nigra and
accumulation of Lewy bodies within remaining neurons. Secondary parkinsonism
includes drug-induced forms (i.e., neuroleptic-induced), toxin-induced parkin-
sonism (MPTP), postencephalitic parkinsonism, and vascular parkinsonism.
Parkinson-plus syndromes encompass a group of disorders that mimic Parkinson’s
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disease, with the burden of additional neurological deficits. This group includes
multiple system atrophy (an umbrella term including three conditions that share
similar pathology: olivopontocerebellar atrophy, Shy–Drager syndrome, and
striatonigral degeneration), progressive supranuclear palsy, and corticobasal gan-
glionic degeneration. Heredodegenerative parkinsonism includes a wide variety of
disorders that are progressive, typically with other neurological deficits accompa-
nying parkinsonism. Examples include Wilson’s disease, X-linked dystonia par-
kinsonism (also known as Lubag), frontotemporal dementia, juvenile Huntington’s
disease, and neuroacanthocytosis, among others.

A variety of medications are available to treat parkinsonism. Levodopa is typi-
cally administered with carbidopa in the form of Sinemet (carbidopa/levodopa), in
strengths 25/100, 25/250, and in controlled-release preparations (25/100, 50/200).
A variety of dopamine agonists are available as well, including the ergot agonists
bromocriptine and pergolide, and the nonergots pramipexole and ropinirole. Aman-
tadine, selegiline, entacapone, and anticholinergics are often used as well. In gen-
eral, patients with Parkinson’s disease enjoy the best response to these drugs, and
patients with Parkinson-plus disorders and heredodegenerative forms of parkin-
sonism benefit either incompletely or not at all. Since its introduction moe than 30
years ago, no drug has supplanted levodopa as the most effective and best tolerated
antiparkinson agent.

Acute parkinsonism and the parkinsonism–hyperpyrexia syndrome will be dis-
cussed in Chapters 2 and 3. Parkinsonism is the dominant clinical phenotype of the
neuroleptic malignant syndrome and malignant catatonia (Chapters 4 and 5). Res-
piratory compromise resulting from abductor paresis is a treatable and life-threat-
ening problem in patients with multiple system atrophy, and is considered in
Chapter 6.

HYPERKINETIC DISORDERS

Once the examiner has determined that a patient has a hyperkinetic movement
disorder, the next question is: which one is it? The major categories of hyperkinetic
disorders include five conditions: dystonia, chorea, tics, myoclonus, and tremor.
Rarer hyperkinetic movement disorders include entities such as paroxysmal
dyskinesias, stereotypies, episodic ataxia, restless leg syndrome, periodic limb
movements of sleep, myokymia, myorhythmia, hemifacial spasm, and
hyperekplexia. Of these, only hyperekplexia (exaggerated startle syndrome) quali-
fies as a movement disorder emergency.

Dystonia
Dystonia is defined as a syndrome of sustained muscle contractions, frequently

causing twisting and repetitive movements or abnormal postures. The relatively
long duration of movements, simultaneous contraction of agonist and antagonist
groups, and sustained contractions in discrete muscle groups in an affected body
part help distinguish dystonia from other hyperkinetic disorders. A geste



4 Frucht and Fahn

antagoniste or sensory trick is a unique feature of dystonia; gently touching the
chin in a patient with cervical dystonia, or changing the grip of the pen in a patient
with writer’s cramp results in immediate improvement in dystonic contractions.
Dystonia may be focal, affecting one body part: eyes (blepharospasm), neck (torti-
collis), vocal cord (spasmodic dysphonia), hand, foot or trunk; segmental (affect-
ing two continuous body parts); hemidystonic (affecting an ipsilateral hand and
foot); or generalized.

Similar to parkinsonism, dystonia is classified into four etiologic groups. Pa-
tients with primary dystonia have pure dystonia in isolation, often the result of a
genetic mutation. The most common form of primary dystonia is DYT-1 dystonia,
first described by Oppenheim in 1911. The classic presentation begins in child-
hood, affecting a hand or a foot, sometimes spreading to involve other body areas.
Dystonia-plus syndromes refer to conditions in which dystonia is accompanied by
another movement disorder. The two major forms are dopa-responsive dystonia
and myoclonus-dystonia. Secondary dystonias include dystonic disorders caused
by external factors, such as encephalitis, trauma, stroke, tumor, toxins, and drug
exposure (e.g., neuroleptic-induced acute and tardive dystonia). The clinical pic-
ture of heredodegenerative dystonia is dominated by other neurologic deficits; this
group includes such disparate conditions as X-linked dystonia-parkinsonism
(Lubag), Huntington’s disease, Wilson’s disease, glutaric acidemia, neuronal intra-
nuclear hyaline inclusion disease, and Leigh’s disease.

Anticholinergics, baclofen, and clonazepam are most commonly used in patients
with generalized dystonia, but side effects often limit their use in adults. Focal
dystonia affecting the eyes, jaw, neck, vocal cords, or limbs is best treated with
local injection of botulinum toxin, which directly chemodenervates the body part
involved. Injections are effective, safe, and virtually free of significant side effects
except for the possibility of excess weakness in the muscles injected. They may be
uncomfortable and thus difficult to use in children, and they must be repeated every
3 to 6 months. Recent experience suggests that deep brain stimulation of the globus
pallidus is an effective treatment for patients with severe, generalized dystonia who
fail medical treatment, particularly patients with DYT-1 dystonia.

Dystonia affecting the vocal cords may contribute to airway embarrassment;
this is discussed in Chapter 7. Dystonic storm refers to uncontrolled, violent dys-
tonic spasms that often require treatment in an intensive care unit (Chapter 8). Sev-
eral conditions may mimic dystonia, such as tetanus and atlanto-axial rotatory
subluxation; their management is reviewed in Chapter 9.

Chorea
Chorea refers to involuntary movements that are rapid, brief, unsustained, con-

tinuous, often flowing in quality, and typically moving from one part of the body to
another. Chorea may occur in hereditary disorders such as Huntington’s disease,
neuroacanthocytosis, ataxia-telangiectasia, and benign hereditary chorea. It is more
commonly encountered in the setting of metabolic derangements (hyperglycemia),
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as a para-infectious disorder (poststreptococcal chorea), or after exposure to drugs
such as neuroleptics (tardive dyskinesia), anticonvulsants, or noradrenergic stimulants.

Most neuroleptics will help to control chorea regardless of etiology; however,
their side effects include depression, parkinsonism, and QT prolongation. These
drugs carry a small but real risk of engendering tardive disorders, even with brief
use. Valproic acid is another agent that has been used to control chorea, typically in
poststreptococcal cases. Tetrabenazine is a dopamine depletor and blocker that does
not induce tardive disorders, suggesting a unique position within this group. Severe
chorea is an important movement disorder emergency, discussed in Chapters 10
(tardive disorders) and 11 (hemiballism-hemichorea). The management of
Sydenham’s chorea and other poststreptococcal movement disorders is discussed
in Chapter 12.

Tics
Tics are relatively brief movements (motor tics) or sounds (vocal tics) performed

in response to an internal urge, and which are often repetitive and gestural (stereo-
typic). Unlike dystonia, myoclonus, chorea, and tremor, tics can often be completely
suppressed. Performance of the tic generally reduces the uncomfortable urge.
Simple tics involve one muscle group (blinking, shoulder shrug), whereas complex
tics are sequenced activities that may replicate normal movements, save for their
need to be repeated or their inappropriate content or context.

Although tics may occur after infection or medication exposure, most patients
evaluated for tics have a primary tic disorder which, in its fully expressed state, is
best known as Tourette’s syndrome. Obsessive-compulsive symptomatology and
attention deficit hyperactivity disorder are common comorbidities in this popula-
tion. Clonazepam, clonidine, guanfacine, serotonin-specific reuptake inhibitors,
neuroleptics, and tetrabenazine have been used to treat tics. When tics are severe
and persistent, interfering with school performance or social life, they represent a
tic emergency (Chapter 14). Vocal tics are especially disturbing to young children
or working professionals, and they represent another movement disorder emergency
(Chapter 15).

Myoclonus
Myoclonus refers to shock-like, involuntary movements arising from the central

or peripheral nervous system. True myoclonus is easily distinguished from other
hyperkinetic disorders by its speed, lack of suppressibility, and frequent stimulus
sensitivity (to light touch, reflex, or pin prick). Myoclonus may be focal (affecting
one body part), multifocal (typically affecting hands and feet simultaneously), or
generalized (whole-body jerks). It may be positive, reflecting active contraction of
a muscle group, or negative, reflecting loss of postural tone in a limb or in the
trunk. Myoclonus may originate within the cortex, from subcortical structures,
within the brainstem (palatal myoclonus, reticular reflex myoclonus, and startle),
from the spinal cord (spinal segmental myoclonus, and propriospinal myoclonus),
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or from peripheral nerve root irritation. Determining the origin of myoclonus is
critical in the selection of appropriate treatment.

Physiological myoclonus refers to normal myoclonic jerks that everyone has
experienced, such as hypnogenic jerks on falling asleep, and hiccups (diaphrag-
matic myoclonus). Essential myoclonus, also known as myoclonus-dystonia, is a
rare genetic disorder in which individuals develop myoclonus in isolation in their
second decade. Exquisite response to alcohol, normal life span, and frequent anxi-
ety and obsessive-compulsive disorder are characteristics of this condition. Epilep-
tic forms of myoclonus include juvenile myoclonic epilepsy, infantile spasms, and
other serious epilepsy conditions. The final and largest category includes symp-
tomatic myoclonus, either with or without prominent seizures. Progressive myo-
clonic epilepsy forms the first group, including disorders such as myoclonic
epilepsy with ragged red fibers, ceroid lipofuscinosis, lafora body disease,
sialidosis, and GM1 gangliosidosis. Symptomatic myoclonus without prominent
seizures occurs as the result of drug exposure, after trauma or anoxia (posthypoxic
myoclonus), and in a variety of progressive neurodegenerative conditions.

Although no drugs are approved for the treatment of myoclonus, several anti-
epileptic agents have been borrowed to treat myoclonic disorders; these agents in-
clude valproic acid, clonazepam, levetiracetam and zonisamide. Often, several
drugs are required in combination to obtain adequate control. Myoclonus is com-
monly seen in patients with serotonin syndrome (Chapter 16), principally affecting
the legs. Exaggerated startle, a brainstem form of myoclonus, defines
hyperekplexia, an inherited startle syndrome that is discussed in Chapter 17.

Tremor
Tremor is a rhythmic, oscillatory movement disorder most commonly affecting

the head, voice, hands, or feet. Tremor may be present at rest, with posture, or with
action (kinetic tremor). Rest tremor is common in Parkinson’s disease, typically
affecting the hand at 3 to 4 Hz frequency. The postural tremor of essential tremor,
the most common form of kinetic tremor, is faster, typically affects the head, voice,
and hands, and often improves with alcohol. Propranolol and primidone help ame-
liorate the symptoms of essential tremor, but rarely completely relieve tremor. As
the most common involuntary movement disorder, tremor is rarely a prominent
feature in patients with movement disorder emergencies.

“DON’T MISS” DIAGNOSES

Included in this text are three disorders that might not, at first glance, appear to
be true emergencies. Wilson’s disease (Chapter 18), dopa-responsive dystonia
(Chapter 19), and Whipple’s disease (Chapter 20) typically present to the outpa-
tient clinic arena, and the time frame in which neurologic symptoms develop is
typically months or even years. However, we have chosen to classify these three
disorders as emergencies for the following reasons: they are treatable, with the
potential of return to baseline status; they are rare, with protean clinical presenta-
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tions that make diagnosis difficult; and the consequences of a missed or delayed
diagnosis can be severe. Because of these reasons, we thought that these “don’t
miss” diagnoses deserved to be included in a book on movement disorder emergencies.
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Acute Parkinsonism

Hubert H. Fernandez and Joseph H. Friedman

PATIENT VIGNETTES
Patient 1: A 75-year-old woman with a history of bipolar affective illness dating

back to her 20s was admitted to the hospital after falling and breaking her hip while
walking her dog. She had been living alone. She underwent a total hip replacement
without incident and was at her mental and physical baseline in the recovery room
and then on the postsurgical floor. Two days after surgery she suddenly became mute,
stiff, and unresponsive. In addition to her usual regimen of 600 mg lithium, 20 mg
fluoxetine, and 4 mg trifluoperazine daily, she had received five doses of meperidine
(50 mg/bolus intravenously) for pain control. She kept her eyes open and responded
to visual threat and deep pain but not voice. She had markedly increased tone and was
akinetic. When her arms were elevated, she slowly lowered them. Deep tendon re-
flexes were normal. Physical examination, vital signs, laboratory tests, including
lithium levels and head computed tomography (CT) were unremarkable. She re-
mained in this state for 3 days before a movement disorder consultation was requested.

Patient 2: A 15-year-old girl developed a febrile illness with diffuse erythema-
tous, maculopapular rash, conjunctivitis, and headache for 4 days. On the fifth day, as
her fever and rash resolved, she became increasingly drowsy and difficult to arouse.
When awake, she followed commands very slowly. Her visual fields and eye move-
ments were normal. No ptosis was noted, and her face was expressionless and her
mouth held partly open. A mild, intermittent resting tremor was noted in the left
hand. No other adventitious movements were noted. She was diffusely rigid with
asymmetry. Deep tendon reflexes were normal and plantar responses were equivocal.
The remainder of her neurological examination was unremarkable. Medical and fam-
ily history was noncontributory. Immunizations were complete apart from measles.
Her white cell count was 14.0 × 109/L with 45% neutrophils and 48% lymphocytes.
Cerebrospinal fluid (CSF) analysis showed 20 white blood cells/mm (all lympho-
cytes), no red blood cells, and normal protein and glucose. Serum measles antibody
titers (by complement fixation) 10 days after the rash were 1:160; 3 weeks later, the
titer was 1:80. Electroencephalogram (EEG) and CT of the head were unremarkable.
She was started on 25/100 mg of carbidopa/levodopa at one-half tablets three times
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per day with significant improvement. Over the next 3 months, her tremor, bradyki-
nesia, and rigidity slowly resolved.

INTRODUCTION

Secondary parkinsonism as a result of an identifiable, nondegenerative disorder
is common, primarily occurring following exposure to medications that block
dopamine D2 receptors (1). Primary parkinsonism (2) is caused by a variety of
slowly progressive disorders, and the date of symptom onset is usually hard to pin-
point. Most secondary forms of parkinsonism, including the drug-induced forms,
evolve over weeks, but may develop over hours to days. It is often difficult to rec-
ognize akinetic rigid syndromes at their early stages, especially in patients who
may be systemically ill.

The broad categories for etiologies of acute parkinsonism are found in Table 1.
Parkinsonism may be a relatively minor aspect of a life-threatening disorder, or
may be the presenting and most obvious feature. In the latter case, establishing the
onset may be problematic, as patients and families often note the symptoms only
when the patient is brought to medical attention after a fall or a spell of inconti-
nence. With diligent questioning, one can usually determine that the process began
much earlier than originally reported.

Acute parkinsonism in psychiatric disorders occurs in two settings—catatonia
and conversion. Although parkinsonism may be seen with severe depression (3),
particularly in the elderly as well as in persons with severe obsessive-compulsive
disorder (4), the onset is not usually acute.

NONINFECTIOUS ACUTE PARKINSONISM

Structural Lesions
Obstructive hydrocephalus is a well-known cause of parkinsonism (5). Normal

pressure hydrocephalus often mimics parkinsonism, but the onset is insidious.
Acute parkinsonism from hydrocephalus may occur in both adults and children,
either as a result of shunt obstruction or at presentation. One 16-year-old patient
had parkinsonism noted on awakening from repair of a shunt malfunction; the shunt
was blocked although hydrocephalus was not present. Another case developed im-
mediately after shunt revision. Some cases of obstructive parkinsonism are respon-
sive to levodopa. Obstructive hydrocephalus following meningitis or subarachnoid
hemorrhage may also cause parkinsonism.

Vascular parkinsonism, previously called atherosclerotic parkinsonism, usually
results from tiny lacunes in the basal ganglia (6). This is generally insidious in
onset and slowly progressive, although sudden worsening may occur with new
strokes. Acute parkinsonism following a single stroke is rare (7–14). Kim described
six patients who developed hemi-parkinsonism, three with rest tremor and
cogwheeling rigidity (10). Tremor and other signs of parkinsonism developed after
weakness improved. Imaging studies revealed large infarcts involving the supple-
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Table 1
Etiologies for Acute Parkinsonism

Infectious
Postinfectious
Autoimmune

systemic lupus erythematosus
Medication

“typical” side effects of dopamine receptor blocker
idiosyncratic effects

neuroleptic malignant syndrome
serotonin syndrome
chemotherapeutic drugs

Toxic
carbon monoxide
cadmium
MPTP
ethanol withdrawal
ethylene oxide
methanol
disulfiram
bone marrow transplantation

Structural
stroke
subdural hematoma
central and extra-pontine myelinolysis
tumor
hydrocephalus

Psychiatric
catatonia
conversion
obsessive-compulsive disorder
malingering

mentary motor area or cingulate gyrus. Other frontal strokes have also caused acute
parkinsonism (11,12). As one might expect, strokes in the substantia nigra may
cause parkinsonism (7–9), but these are exceedingly rare. Interestingly, strokes in
the lenticular nuclei do not cause parkinsonism (13). Acute hemorrhage is a less
common cause of acute parkinsonism (14).

Toxic/Metabolic
A number of poisons may induce parkinsonism. Some, like manganese, develop

subacutely (15) or over long periods of time (16). Parkinsonism may follow carbon
monoxide poisoning after an acute, life-threatening poisoning during recovery from
coma (17,18). Carbon monoxide poisoning is a persistent problem in some coun-
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tries, notably Korea, where faulty oil-burning heaters are used. The globus pallidus
is typically involved, but recent data suggests that white matter deterioration must
also be present for parkinsonism to develop. Cadmium (19) and ethylene oxide
(20), disulfiram (used to prevent alcoholics from imbibing) (21), and cyanide poi-
soning are other uncommon causes (22,23).

1-Methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP) has a special place in the
history of movement disorders (24). After its identification by Langston and col-
leagues as the source of a mini-epidemic of severe, acute parkinsonism in intrave-
nous drug abusers in the San Francisco Bay area, MPTP was exploited as a tool for
research into Parkinson’s disease (PD). The drug is taken up by glial cells and
converted to MPP+, which is secreted and taken up by dopaminergic cells in the
pars compacta of the substantia nigra. This was the first systemically administered
drug that selectively targets these cells, and because it has a similar effects in other
primates, it has been widely used to create animal models of PD. These models are
superb for testing symptomatic treatments for motor dysfunction but do not simu-
late the disease itself. The onset of parkinsonism occurs after the first few doses.

Acute parkinsonism is a rare complication of insect stings (25,26). Acute par-
kinsonism developed within 3 days of a wasp sting (25) associated with pallidal
necrosis, followed by acute deterioration 6 months later with degeneration of the
nigrostriatal pathway. Bee stings have not been implicated.

Parkinsonism resulting from alcohol withdrawal has been reported rarely (27–
29). A follow-up of some of these patients 1 or more years later proved that this
withdrawal phenomenon was not a premature unmasking of subclinical PD. Par-
kinsonism occurred early in withdrawal, and sometimes resolved within 1 week
(27). The mechanism is postulated to be a metabolic effect of ethanol on striatal
dopamine or dopamine receptors.

Twelve days after overly rapid correction of hyponatremia, a 66-year-old woman
became confused and developed parkinsonism. Magnetic resonance imaging (MRI)
revealed central pontine myelinolysis. She was responsive to very low doses of
levodopa, and her parkinsonism gradually resolved (30). Another similar case was
also accompanied by pyramidal features (31). Parkinsonism is not typical for cen-
tral pontine myelinosis (32). Hypoxic insult to the basal ganglia may cause parkin-
sonism or dystonia (33–35). This is uncommon and typically occurs after a major
brain insult. The syndrome has occurred in children (34) as well as adults, and
damage to the lenticular nuclei is clearly visible on MRI. Onset is usually delayed,
but symptoms may develop rapidly.

Neuroleptic malignant syndrome (NMS) is variably defined but generally re-
quires fever, alteration of mental status, and rigidity (see Chapter 11 for a complete
discussion of NMS) (36,37). Many patients have extreme elevations of creatine
phosphokinase (CPK) as a result of rhabdomyolysis, but this is not required for
diagnosis. Elevations in the CPK to the 1000 to 2000 range are sometimes seen in
otherwise normal, treated psychotic patients, even in the absence of signs or symp-
toms of muscle or tone abnormalities. The major differential diagnosis is with in-
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fection. Infections frequently cause exacerbations of neurological syndromes, in-
cluding parkinsonism, in people on neuroleptics. NMS may occur at any point once
a patient is treated with neuroleptics, but it usually occurs relatively shortly after
drug initiation or dose increase. Although there is a general sentiment that the newer
atypical neuroleptics are less likely to cause NMS, there is as yet little data to sup-
port this. The onset of NMS may be fulminant, progressing to coma over hours, but
it usually develops over days. Patients develop fever, stiffness, and mental impair-
ment with delirium and obtundation. The impaired mental state may initially be
overlooked. Rigidity may be so severe that the limbs cannot be moved. The muscle
contractions may mimic a tonic seizure. Management of NMS requires excluding
infection, stopping the suspected offending drug, close monitoring of autonomic
and respiratory parameters, and treatment with dopaminergic replacement (either
levodopa or dopamine agonists).

Dopamine D2 receptor-blocking drugs routinely cause parkinsonism (1). This
may also occur with lithium or valproic acid. The syndrome usually develops over
the course of weeks, but may occasionally develop over days. In patients who have
a primary parkinsonian syndrome, a low-potency neuroleptic or even an atypical
antipsychotic can induce acute parkinsonism. This is not uncommon when a patient
with PD is treated with an antiemetic such as prochlorperazine or metoclopramide.

A handful of children who underwent bone marrow transplantation (BMT) and
chemotherapy developed an acute parkinsonian syndrome, sometimes evolving
over hours, 2 to 3 months after transplant (38,39). In addition to parkinsonism,
cognitive and mental changes also occurred. No particular medication could be
implicated, and one patient had had an autologous transplant eliminating the possi-
bility of a graft-vs-host reaction. MRI revealed demyelination, and brain biopsies
revealed regions of variably active inflammatory demyelinating lesions. Severe and
persistent neurologic sequelae were seen. Several reports in the literature describe
an acute parkinsonian syndrome occurring with a variety of anticancer drugs (40).
Some of these were extremely responsive to levodopa, and the parkinsonism was
not permanent.

A handful of teenagers with systemic lupus involving the nervous system devel-
oped acute onset parkinsonism in the setting of active central nervous system (CNS)
involvement (41,42). Chorea is the more common movement disorder, associated
both with systemic lupus and with the lupus anticoagulant antibody.

Psychiatric
Catatonia is an important diagnosic possibility to consider in acute parkinsonism

(43,44). Catatonia should be strongly considered in any patient with acute-onset
akinesia and no obvious cause, such as toxin exposure, hypoxic ischemia, CNS
infection, or hydrocephalus. Concurrent use of neuroleptic drugs that may cause
parkinsonism may complicate the diagnosis. Although for many decades catatonia
was considered a variant of schizophrenia, Diagnostic and Statistical Manual
(DSM) criteria have been revised to recognize it as a manifestation of manic-de-
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pressive disorder as well. It is actually more common in the affective disorders. The
patient may have had previous spells that may not have been recognized, and there-
fore resolved, over long periods of time. The patient may have been functioning
quite well until recently when behavioral problems began to recur. Catatonia may
punctuate a manic spell or follow a bout of catatonic excitement, suggesting a burnt-
out excitatory process like encephalitis. A catatonic, unlike someone with parkin-
sonism, will not attempt to move. The patient will not appear to be uncomfortable
or get hungry. All studies will be normal. If there is no organic disorder, then an
EEG, if the eyes are closed, will be normal.

Most physicians incorrectly think of catalepsy as the defining characteristic of
the syndrome. Not all patients have waxy flexibility or maintain postures that are
externally imposed. The hallmark features of catatonia are negativism, a refusal to
cooperate generally manifest as mutism or minimal interaction, and lack of move-
ment. Patients may be stiff or, in contrast, exhibit “mit-gehen,” in which they move
with the imposed movement, “helping” the movement. Thus, one sees a patient
who is not moving but may not be in the typical flexed posture of parkinsonism.
There is no tremor, and despite an alert status, little interaction with the environ-
ment. Patients will not follow commands and may not respond to pain. Because the
patient may keep his or her eyes closed, coma and encephalopathy must be ex-
cluded. If the patient’s eyes are open, then coma is not a consideration. However, if
the eyes are closed and the patient is stiff and unresponsive to deep pain, then the
possibility of coma needs to be considered. If a patient is catatonic, there may be no
response to deep pain but cranial nerve reflexes will remain intact. It is unlikely
that a catatonic will respond to suggestion, but it is certainly worth trying; “If he is
truly comatose/unable to move/stiff/etc., then he will keep his hand above his face
when I drop it.” If the patient is simply severely parkinsonian from neuroleptics,
then he or she should be able to comply with some requests, such as moving the
eyes, raising a finger, and so on.

Psychogenic parkinsonism is not common but should always be considered in
acute-onset cases, especially in young patients. In studies of new referrals to move-
ment disorders specialists, about 2–5% have presumed psychogenic diagnoses (45).
Acute-onset parkinsonism without a demonstrable cause is not likely organic. The
behavioral causes are catatonia, conversion, and malingering. Conversion disorder
is a type of somatoform disorder, in which patients express mental stress as physi-
cal disability (46). One characteristic that helps distinguish it from organic disor-
ders (47,48) is the acute onset. In idiopathic PD, tremor tends to vary throughout
the day, often prominent in time of stress and absent during periods of relaxation.
These variations usually occur over minutes, whereas in conversion the symptoms
tend to resolve for hours or even days at a time. Factors that typically worsen tremor
in PD—cold, heavy lifting, and excitement—don’t necessarily affect conversion
tremor. On exam, tremor resolves with distraction and varies in frequency, whereas
tremor of PD is usually no faster than 4 Hz. The slowness of conversion has a more
deliberate character, especially during handwriting. Balance impairment is usually
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not present. The presence of a “belle indifference” attitude is often but not always
present in conversion. Some patients with bona fide PD will mask their concern,
either because they don’t understand the implications of the diagnosis or as a denial
mechanism. Often patients with conversion have experience with the disorder or a
background in medicine, including employment as a nurse, medical secretary, or
lab technician. The single most common stressor in women with conversion is a
history of childhood sexual or physical abuse.

INFECTIOUS PARKINSONISM

Classification and Clinical Features
Since von Economo first described acute parkinsonism, similar illnesses have

been reported with a myriad of infectious agents. In this section, we have divided
the infectious causes of parkinsonism into seven categories (see Table 2).

von Economo’s disease (ED) was probably seen prior to his initial description of
13 cases with onset between February and April 1917 in Vienna (49). Urechia (50)
probably described the first recorded credible case series of ED with onsets in April
and May 1915 in Bucharest. Somewhat later (1915 or 1916), cases were described
in the French army (51,52). On the other side of the globe, a massive encephalitic
outbreak affecting 65,000 Chinese in the province of Yunnanfou caused devasta-
tion from 1917 to 1927 (53). By 1919, cases had been reported throughout the
world. The peak incidence in the United States was in 1923, with about 2000 re-
ported deaths. No major outbreaks of epidemic encephalitis occurred after 1926,
and by 1935 the disease had virtually disappeared.

von Economo was the first to recognize and classify three distinct forms of the
acute illness, which he called “encephalitis lethargica.” He described the somno-
lent-ophthalmoplegic form as a “prodromal phenomena consisting of general dis-
comfort, shivering, headache and slight pharyngitis. The temperature is generally
only a little raised. Within the next few days, somnolence begins to predominate.
The patients, when left to themselves, fall asleep in the act of sitting and standing,
and even while walking, or during meals with food in the mouth. If aroused, they
wake up quickly and completely, are oriented and fully conscious, but soon drop
back to sleep. Sleepiness in this form may last for weeks or even months but fre-

Table 2
Classification of Infectious Causes of Parkinsonism

A. von Economo’s disease (ED)/encephalitis lethargica
B. Postencephalitic parkinsonism (PEP) of von Economo
C. Sporadic, postpandemic ED-like and PEP-like cases
D. Parkinsonism associated with known viral encephalitis
E. Parkinsonism associated with nonviral encephalitis
F. Parkinsonism associated with nonencephalitic infectious
G. Postvaccinal parkinsonism
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quently deepens to a state of most intense stupor. Generally, during the first days of
illness cranial nerve palsies appear. Ptosis is one of the first and most frequent
symptoms. Rarely observed are supranuclear paralyses, paresis of convergence,
nystagmus, optic neuritis, papilledema, pupillary disturbances and even Argyll
Robertson’s sign” (54).

In the hyperkinetic form, “chorea and hemichorea as well as myoclonic twitches
were observed which might degenerate into wild jactations. On the other hand, it
may find its mental expression in a general, curious restlessness of an anxious or
hypomanic type. In most of these cases, there is a very distinct sleep disturbance
and generally the condition is one of troublesome sleeplessness” (54).

von Economo termed the least frequent form amyostatic-akinetic. He described
it as “a rigidity, without a real palsy and without symptoms arising from the pyra-
midal tract. This form of encephalitis lethargica is particularly common in the
chronic cases, dominating the clinical picture of parkinsonism. I reserve the name
‘parkinsonism,’ though symptomatically identical with the amyostatic-akinetic
form, rather for the chronic cases. To look at these patients one would suppose
them to be in a state of profound secondary dementia. Emotions are scarsely notice-
able in the face, but they are mentally intact” (54).

ED was a serious, often lethal disease. “The prognosis of clinically well-docu-
mented cases of encephalitis lethargica is 40% mortality, 14% complete recovery,
26% recovery with defect, but able to work, and 20% chronic invalidity” (54).

It is estimated that more than 60% of ED patients who survived developed pos-
tencephalitic parkinsonism (PEP). The sequelae occurred more often in adults than
in children. The latency period was less than 5 years in 50% of cases and less than
10 years in 85% (55). The average age of onset of PEP was approx 27 years. Rest-
ing tremor was the presenting symptom in two-thirds of cases while akinetic-rigid
features occurred alone in about one-third (56). Symptoms were occasionally uni-
lateral and often asymmetrical (57). Other neurological abnormalities besides par-
kinsonism were present in most patients. One of the most notable features was the
presence of oculogyric crises: “they consist of tonic visual convulsions, occurring
in fits and generally lasting only a few minutes, during which the patients as a rule
look upwards and sideways” (54). Other features included dystonia (such as ble-
pharospasm, torticollis, cranial and torsional dystonia), myoclonus (focal or gener-
alized), facial and respiratory tics, choreoathetosis, obsessive-compulsive behavior,
pyramidal signs (57,58), supranuclear gaze palsy, and eyelid apraxia (59).

One study assessing the accuracy of diagnosis of PEP in pathologically proven
cases showed a high reliability and sensitivity in diagnosis. The best predictors for
the diagnosis included onset below middle age, symptoms lasting more than 10
years, oculogyric crisis, and history of ED (60).

The course of PEP is unclear. Duvoisin and Yahr (55) followed 49 patients with
probable PEP and observed a stable course or very slow deterioration. On the other
hand, Duncan (61), who studied 136 PEP inpatients in London, was impressed with
the progressive nature of parkinsonian disabilities. Calne and Lees (62) and
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Viereggel (63) both reported deterioration in motor function, generally late in life.
The relatively uniform nature of the deterioration exceeded changes in motor func-
tion seen in normal elderly subjects and occurred without comparable age-related
changes in intellect. In one report, the mean survival from the onset of symptoms
was 23.2 years, with the mean age of death at 74.3 years (56).

Although there appears to be general agreement that ED and PEP share a viral
etiology, no causative agent was ever identified. Its occurrence around 1918 and
1919 have led some to link ED/PEP to the influenza pandemic that occurred at that
time (64). However, von Economo himself rejected this hypothesis on several
grounds: (1) ED appeared prior to the influenza pandemic; (2) ED/PEP was not
contagious, whereas influenza was highly so; (3) their clinical presentations were
different; and (4) the pathology was different, with typical midbrain lesions in ED/
PEP contrasting with diffuse brain congestion in cases of postinfluenzal encephal-
opathy (54). Since the influenza pandemic affected at least 500 million persons
(65) more than one-fourth of the world’s population at that time, it is very possible
that many individuals with ED may also have had influenza (66).

Recent studies using immunocytochemistry and immunofluorescence to detect
in situ antigens failed to consistently isolate influenza or any other virus in the
remaining brain or CSF samples of neuropathologically confirmed ED and PEP
(66–70). Similarly, the search for autoantibodies did not support an autoimmune
mechanism in PEP (71). Finally, studies on genetic susceptibility of ED/PEP have
been inconclusive. Although Elizan (72) saw a highly significant increase in the
frequency of HLA-B14 antigen in PEP cases, Lees (73) could not confirm this in
their samples.

ED cases considered to be associated with the 1917–1927 pandemic occurred
until the early 1930s, after which the disease disappeared. Thus assuming up to a
20-year latency, no PEP cases would be expected to appear after the middle 1950s.
Several sporadic ED-like and PEP-like cases, unrelated to the pandemic, have been
reported with onset after 1959 (74–80). Aside from one report of positive influenza
A antibody titer (1:>160) (79) and another report of CSF cultures yielding coxsackie
B4 enterovirus (80), attempts to identify the viral agent in ED-like cases have failed.
Nonetheless, clinical presentation, laboratory studies, imaging, and pathological
findings are reminiscent of, if not identical to, ED/PEP. To distinguish these cases
from parkinsonism associated with viral encephalitides, Howard and Lees (78) pro-
posed major criteria for the diagnosis of ED. The illness should comprise an acute
or subacute encephalitic illness with at least three out of seven features: (1) signs of
basal ganglia involvement; (2) oculogyric crises; (3) ophthalmoplegia; (4) obses-
sive-compulsive behavior; (5) akinetic mutism; (6) central respiratory irregulari-
ties; and (7) somnolence and/or sleep inversion.

Parkinsonism may occasionally accompany viral encephalitides. Table 3 lists
the viruses known to cause encephalitis with or without associated parkinsonism.
In most instances, parkinsonism associated with viral infection occurs during the
acute encephalitic phase or shortly thereafter. If the patient survives, the parkin-
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Table 3
Causes of Viral Encephalitis

Virus Parkinsonism Author (reference)

California encephalitis Not reported
(LaCrosse virus)

Coxackie virus Acute Walters (117)
Acute, transient Posner et al. (118)

Cytomegalovirus Not reported
Eastern equine encephalitis (EEE) Not reported
Herpes virus Not reported
Human immunodeficiency virus Secondary to opportunistic Nath et al. (81);

infection Carrazana et al. (82);
Navia et al. (83);
Noel et al. (84);
Maggi et al. (85);
De la Fuente et al. (96);
Singer et al. (97);
Werring and Chaudhuri (98)

Part/feature of HIV De Mattos et al. (86);
encephalopathy Mirsattari et al. (87)

Eptein–Barr virus Acute, transient Hsieh et al. (119)
Influenza virus Acute, transient Isgreen et al. (120)
Japanese B encephalitis Followed acute phase Shiraki et al. (121)

without interval
Chronic phase with interval Ishii et al. (122)
Acute, persistent Shoji et al. (123)
Acute, transient Pradhan et al. (124)

Lymphocytic choriomeningitis Acute, transient Scheid et al. (125)
Chronic, persistent Adair et al. (126)

Mumps Not reported
Murray valley encephalitis Reported Bennett et al. (127)
Papovavirus Not reported
Poliovirus Acute, transient Bickerstaff and Clarke (128);

Thieffrey (129)
Acute Barrett et al. (130); Duvoisin

and Yahr (55)
Parkinsonism in late life Vincent and Myers (131)

with history of polio as
a child/young adult

Rubella Not reported
Rubeola, measles Postmeasles, transient Mellon et al. (132);

Meyer (133)
Russian spring–summer Acute, transient Henner and Hantal (134,135)
Encephalitis, european tick-borne Tremor only Radsel-Medvescek et al. (136)

encephalitis

(continued)
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sonism is usually transient, although it can take several months to resolve. Unlike
EP or PEP, oculogyric crises, ophthalmoplegia, cranial neuropathies, or psychiat-
ric/behavioral disturbances are rare.

In human immunodeficiency virus (HIV)-infected patients, parkinsonism may
develop from exposure to dopamine blockers (such as prolonged use of
metoclopramide); secondary to opportunistic infections (toxoplasmosis, progres-
sive multifocal leukoencephalopathy, tuberculosis) affecting the basal ganglia (81–
85); or as part of HIV encephalopathy in the absence of opportunistic infections
(86,87). The parkinsonian syndrome is often unresponsive to levodopa (88).

Rarely, parkinsonism is associated with nonviral infectious agents: spirochetes
(neurosyphilis and lyme disease), mycoplasma pneumoniae, and opportunistic in-
fections accompanying HIV. Most reported cases of parkinsonism from spirochetal
(89,90) and mycoplasma (91–95) infections present with acute onset and improve
markedly with appropriate treatment, despite the severity of the initial clinical pre-
sentation. Of five reported cases with mycoplasma, the presenting extrapyramidal
features were parkinsonism and/or dystonia, accompanied by seizures in three cases.
All patients were children or young adults, and in all cases, MRI revealed selective
involvement of the corpus striatum except for one case with concomitant involve-
ment of the substantia nigra and pallidum (92). One case (91) had severe dyskinesias
and dystonia with levodopa therapy, but experienced gradual resolution of symptoms.

In patients with acquired immunodeficiency syndrome (AIDS), parkinsonism,
hemichorea-athetosis, and ballismus have been described with opportunistic infec-
tion. Parkinsonism, in particular, has been reported with cerebral toxoplasmosis
(82,84), progressive multifocal leukoencephalopathy (96,97), and cerebral tuber-
culosis (98). All but one case presented with bilateral lesions in the basal ganglia.
One patient with mycobacterium tuberculosis involving the left lentiform nucleus
only developed parkinsonism when the right lentiform nucleus was superinfected
with toxoplasma (85). There is only one reported case of parkinsonism following
herpes ophthalmicus (99).

A 5-year-old boy developed isolated fever 15 days after a measles vaccine shot
and then developed persistent parkinsonism. MRI showed hyperintense signals af-
fecting the substantia nigra bilaterally. He responded to levodopa but dyskinesias

Table 3 (Continued)

Virus Parkinsonism Author (reference)

St. Louis encephalitis Tremors Cerna et al. (137);
Wasay et al. (138)

Dystonia with tremor Finley (139);
as sequelae Finley and Rigs (140)

Varicella-zoster virus Not reported
Venezuelan equine encephalitis Not reported
Western equine encephalitis Reported Fulton and Burton (141)

Chronic persistent Mulder et al. (142)
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appeared even at low doses (100). The only other similar case was that of a 38-
year-old man who experienced fever, sweats, palpitations, diplopia, and leg tremor
within hours of receiving the last of three tetanus vaccinations. Within 1 week, he
developed severe parkinsonism with resting tremor, generalized rigidity and
bradykinesia, which responded well to levodopa and a dopamine agonist. Unlike
the previous case, parkinsonism was transient (101).

Neuropathology and Imaging
The pathological features of ED differ from that of other viral encephalitides

(usually characterized by diffuse brain congestion and edema). In ED, pathology
typically consists of nonhemorrhagic involvement of the gray matter, preferentially
in the midbrain. Although the brainstem and basal ganglia bear the brunt of the
burden, the cerebral cortex and spinal cord can be affected as well. The pathologi-
cal hallmark of the disease is cytoplasmic inclusions of neurofibrillary tangles
(NFT) within the substantia nigra (SN), associated with severe neuronal loss
(60,102,103). Lewy bodies are not present. In the chronic state (PEP), inflamma-
tion is often replaced with degeneration of neurons and gliosis throughout the CNS,
particularly the midbrain (104). NFTs occur in the absence of senile plaques
(56,105). Unlike Alzheimer’s disease, they do not stain for synuclein or amyloid
(106), but similar to progressive supranuclear palsy, they are ubiquinated and -
positive on immunohistochemistry (107,108).

MRI findings from cases of parkinsonism associated with viral encephalitis as
well as ED/PEP-like cases usually reveal bilateral, symmetrical basal ganglia in-
volvement, predominantly with signal hyperintensities in the SN but these may
also involve the striatum and lenticular nucleus (80,109). When symptoms resolve,
these MRI lesions can be transient as well. On flourodopa positron emission to-
mography, PEP differs from idiopathic PD. Uptake in the putamen of PEP patients
is homogenously reduced, without the anterior–posterior gradient typically seen in
PD (79,110). This may be a result of the more diffuse involvement of the SN pars
compacta in PEP compared with the ventrolateral predominance in PD.

Evaluation
A young patient with acute or subacute onset of parkinsonism associated with a

febrile illness should have a full blood count and blood chemistries including liver,
renal, and thyroid function tests, tests for antinuclear antibodies and erythrocyte
sedimentation rate, chest radiography, electrocardiogram, and blood and urine cul-
tures. CSF should be sent for cell count, glucose, and protein, and extra tubes for
CSF gram and acid-fast bacilli stain, Venereal Disease Research Laboratory slide
test (VDRL), lyme titers, and serologies (for herpes simplex virus, herpes zoster,
mumps, measles, adenovirus, enterovirus, cytomegalovirus, Epstein–Barr virus,
toxoplasmosis, etc.). Serum ceruloplasmin, 24-hour urine copper and heavy met-
als, toxicology, HIV test, tuberculin purified protein derivatives test, and serum
VDRL may be necessary. An EEG may define seizure activity and helps grade the
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level of encephalopathy. Brain imaging with contrast can define ring-enhancing or
granulomatous lesions. Rarely, duodenal biopsy (to rule out Whipple’s disease),
blood smear (for malaria), and CSF 14-3-3 protein (for prion disease) may be of
value.

TREATMENT

Comments on Patient 1
This patient had been taking trifluoperazine and lithium, both of which may

cause parkinsonism, but she had been taking both for many years, had not had an
increase recently, and her lithium level was not elevated. Because her symptoms
occurred 2 days after surgery, it was unlikely a direct result of the surgery. Meperi-
dine may trigger severe reactions with monoamine oxidase inhibitors, but this has
not been reported with the drugs she was taking. The absence of any fever argued
strongly against serotonin syndrome or NMS. The fact that she was awake, blinked
to threat, moved in response to pain, and had a nonfocal exam and a normal brain
CT pointed to a probable psychiatric cause. Given the history of bipolar disease
requiring an antipsychotic, catatonia was considered, and in fact she met criteria for
this syndrome. After a baseline EEG was obtained, which was normal, an infusion
of lorazepam was given. Two minutes later she awoke and was manic. This con-
firmed the diagnosis of catatonia and pointed to the need for more aggressive psy-
chiatric treatment. When the effects of the lorazepam wore off within a few hours,
she became catatonic again.

Diagnosis of the etiology of acute parkinsonism is of paramount importance.
NMS is treatable, usually with levodopa or dopamine agonists. In cases of pro-
found rigidity and fever the patient may be paralyzed or treated with dantrolene
sodium. Unlike malignant hyperthermia, the muscles in NMS are normal, hence
responsive to depolarizing drugs. Catatonia often responds to intravenous
lorazepam (44), however patients may require prolonged treatment to prevent re-
currence. Patients who do not respond to lorazepam should be considered for elec-
troconvulsive therapy which has been reported as successful in treating this disorder
as well as NMS.

Toxic, metabolic, infectious, postinfectious and structural akinetic rigid syn-
dromes are usually not responsive to symptomatic therapies. Levodopa requires
conversion to dopamine by intact nigral cells, suggesting that dopamine agonists
may be more effective when the nigra is fully depleted. Unfortunately, because the
general experience with dopaminergic agents in akinetic rigid syndromes is that
levodopa works faster and has fewer side effects, we therefore advocate trials of
levodopa for all parkinsonian syndromes except NMS, in which case a dopamine
agonist is our drug of choice. When levodopa is not helpful, we advocate a trial of
200–400 mg of amantadine per day in patients with normal renal function. Al-
though amantadine has anti-influenza properties, there is no reason to believe it is
useful for other viral syndromes. Dopamine agonists should be initiated at low doses
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and slowly titrated. Because patients with acute parkinsonism may improve on their
own, it may be difficult to gage the response to a slowly increasing dose of dopam-
ine agonists. Once a patient has improved, our general approach is to slowly taper
the medicines, as many patients improve spontaneously.

Comments on Patient 2

This 15-year-old girl developed acute parkinsonism immediately following pre-
sumed viral encephalitis. Measles antibody titers suggested a resolving measles
infection. Her parkinsonism gradually resolved over 3 months and was not associ-
ated with oculogyric crisis, ophthalmoplegia, myoclonus, or other movement dis-
orders. The presentation is therefore not consistent with ED or PEP. In addition to
supportive measures during the acute encephalopathic phase, delivery of the appro-
priate antibiotic/antiviral agent may suffice to resolve parkinsonism associated with
known viral or bacterial encephalitis. When symptoms persist, levodopa alone or in
combination with other adjunctive anti-PD agents may be used. Anticholinergic
drugs (111), amantadine (112), bromocriptine, and deprenyl (113) have all been
reported to augment levodopa response.

ED and PEP patients are extremely sensitive to anti-PD drugs, with dyskinesias
and motor and psychic fluctuations occurring even at very low doses. Calne et al.
(114) reported a 6-week double-blind, placebo-controlled trial of levodopa in 40
PEP patients, with frequent adverse events among those who received levodopa.
Patients experienced chorea, tics, respiratory crises, excess sweating, and psychiat-
ric disturbances. Only a minority gained useful and enduring benefit of levodopa
throughout the study. Sacks (114) reported an enormous range of levodopa-induced
behavioral and motor abnormalities where patients alternated between a severe
“off” state and an emotionally labile “on” state. Unlike in PD, where patients often
chose to be “on” with dyskinesias, PEP patients preferred to be “off” to avoid emo-
tional lability. Similarly, Duvoisin (116) reported 63% of patients with increased
involuntary movements and 33% with psychic manifestations among 26 PEP pa-
tients treated with levodopa. Slower titration enabled some patients to enjoy a sus-
tained response. There is one report of PEP in which oculogyric crises resolved and
tremor and rigidity improved with unilateral thalamotomy (58). Because parkin-
sonism in PEP is probably progressive or, at the very least, persistent, and patients
experience extreme motor fluctuations on low-dose levodopa, stimulation of the
subthalamic nucleus might also be an option.

CONCLUSION

Acute parkinsonism is a frightening and serious movement disorder emergency,
with a variety of causes. Identification of the cause and institution of appropriate
treatment can not only improve patients’ outcome, but may even be life-saving.
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Parkinsonism-Hyperpyrexia Syndrome

in Parkinson’s Disease

Stewart A. Factor and Anthony Santiago

PATIENT VIGNETTE
A 44-year-old right-handed man with a 14-year history of Parkinson’s disease

(PD) presented to the emergency department with an acute onset of fever, confusion,
rapidly progressive difficulty with ambulation, and dysphagia. He presented initially
in 1987 with left upper limb tremor and slowness. Work-up for secondary parkin-
sonism was unrevealing, and treatment was initiated first with anticholinergic agents
and then levodopa. By 1991, he had developed bilateral symptoms and signs. Motor
fluctuations and complications emerged within 5 years of onset, with considerable
anxiety and behavioral problems as well. He required high doses of dopaminergic
agents for the last 8 years.

He had been fully able to communicate, perform activities of daily living, and
ambulate 48 hours prior to presentation. He had recently been incarcerated, and dur-
ing his confinement his medications were abruptly stopped for unclear reasons. His
usual dosing schedule included 25/100 of carbidopa/levodopa (C/L), one tablet every
2 hours starting at 6 AM to 8 PM, with two tablets at 10 PM, midnight, and 2 AM. In
addition, he was also prescribed 1 mg pergolide, three times per day, and quetiapine
25 mg five and one-half tablets each day in divided doses. In July 2000, he underwent
deep brain stimulation (DBS) surgery, with bilateral leads placed in the subthalamic
nuclei. They were operational as of the last office visit. DBS surgery lead to improved
off times and less dyskinesias, but allowed only minimal changes in levodopa dose.

In the emergency department, the patient appeared acutely ill. He was febrile,
with a temperature of 38.3°C, heart rate of 100, blood pressure of 140/90, and respi-
ratory rate of 24. He was awake but confused and unable to follow commands or
intelligibly communicate. His mucus membranes were dry. He appeared diffusely
stiff, with severe rigidity of the neck and limbs. A coarse tremor was present in both
upper extremities, but no other involuntary movements were seen. No signs of trauma
were found. Pupils were symmetrical and reactive to light, and fundoscopic exam
was normal. Reflexes were present and symmetric, with no pathologic reflexes.
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Laboratory studies revealed a white blood cell count of 16,000 cells/mm3, blood
urea nitrogen of 39 mg/dL, and normal red blood cell indices. No iron indices were
measured. Creatine kinase was over 4000. Cranial computed tomography scan re-
vealed bilateral DBS leads without acute pathology. A lumbar puncture with cere-
brospinal fluid analysis was normal. The diagnosis of parkinsonism-hyperpyrexia
syndrome was reached: a nasogastric tube was placed and levodopa and pergolide
were reinstituted, with intravenous fluids. Despite treatment, his condition worsened,
with medically refractory hypertension, respiratory distress, seizures, and ultimately
renal failure. He died 3 days after presentation. Postmortem exam revealed bilateral
pulmonary emboli with infarction. Examination of the brain revealed marked depig-
mentation of the substantia nigra and the locus ceruleus, with Lewy bodies confirm-
ing the diagnosis of PD.

INTRODUCTION
Neuroleptic malignant syndrome (NMS) is a potentially fatal drug-induced

movement disorder that was first described by Delay and associates in 1960 (1,2).
These authors reported NMS as the “most serious but also rarest and least known of
complications of neuroleptic chemotherapy” (2). Since the 1980s, NMS has been a
more focused concern in the treatment of psychiatric patients because of its poten-
tially high mortality rate of 5 to 20% (3,4). The characteristic clinical features in-
clude hyperthermia, muscle rigidity, dysautonomia, and mental status changes.
Hyperthermia is present in nearly all cases of NMS, and muscle rigidity is reported
in more than 90% of patients (3–7). Alterations in mental status can range from
fluctuating alertness to agitation and delirium and eventually to frank stupor or
coma (6,8). Muteness is also seen, although less commonly than catatonia. Un-
stable blood pressure, cardiac arrhythmia, dyspnea, pulmonary edema, and bladder
incontinence are common signs of dysautonomia, with diastolic hypertension pos-
sibly being a specific feature (3). Several laboratory abnormalities support the di-
agnosis including elevated creatine kinase (CK), elevated white blood cell (WBC)
count, and diminished serum iron (3).

It was initially believed that NMS only occurred in psychiatric patients, particu-
larly those with schizophrenia and affective disorders, who were treated with
neuroleptics. Although particular risk factors in this patient population have been
delineated, it has become clear that any patient exposed to these agents is at risk for
NMS (3). This constellation of symptoms has since been recognized in patients
exposed to other agents such as dopamine depleters (tetrabenazine) (9), a related
syndrome (serotonin syndrome) associated with exposure to serotonin-specific
reuptake inhibitors (10), and cocaine (11).

In 1981, a similar disorder was described in a patient with Parkinson’s disease
(PD) triggered by sudden withdrawal of dopaminergic medications, specifically
levodopa, amantadine, and biperiden. Several dozen other cases have since been
reported. The syndrome seen in PD has been reported under a variety of different
names, including NMS, neuroleptic malignant-like syndrome (NMLS) (12,13),
levodopa-withdrawal hyperthermia, parkinsonism-hyperpyrexia syndrome (PHS)
(14), lethal hyperthermia (15), dopaminergic malignant syndrome (16), and acute
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dopamine depletion syndrome (17). PHS is the most specific and clinically descrip-
tive term. As we show here, levodopa withdrawal is not the only cause of this en-
tity, and the term “dopaminergic” pertains to any NMS-like syndrome. It is
important to draw a distinction between true NMS and PHS. From this point for-
ward, when discussing this syndrome in parkinsonian patients, we use the term
PHS. This chapter reviews the clinical entity PHS and discusses its management.

CLINICAL FEATURES

Although PHS is rare, several situations are notable triggers. The scenario most
commonly reported is the “levodopa holiday” (13,18–20). These cases were all
reported in the 1980s when drug holidays were still utilized for therapeutic pur-
poses. They were recommended in patients with intractable “off” periods and psy-
chosis, although their utility was controversial (21,22). Drug holidays often
involved rapid reduction and complete cessation of dopaminergic medication. Pa-
tients would remain off for up to 14 days, despite well-known risks associated with
immobility, such as aspiration pneumonia and pulmonary embolism. Drug holi-
days are no longer used; however, there are other situations when dopaminergic
medications are discontinued posing an equal risk. In several reports, the medica-
tions were stopped by the patients themselves because of side effects, misunder-
standing of medication instructions, or a desire to try alternative medications
(12,16,17). In one case, the medications were stopped because physicians thought
the patient had psychogenic parkinsonism (17). PHS has also been seen in PD pa-
tients with partial withdrawal of dopaminergic therapy, or when medication regi-
mens were changed. Iwuagwa et al. (23) described a case with onset linked to
discontinuing tolcapone. When the patient became confused, the treating physician
thought this was exacerbated by levodopa; after that was also stopped, PHS esca-
lated. Cunningham et al. (24) described a patient who developed hyperthermia,
rigidity, and dysautonomia when immediate-release levodopa was switched to con-
trolled-release, and bromocriptine was tapered off from 40 mg per day to zero in a
few days. Peak serum levodopa levels are notably lower with controlled-release
formulations than with immediate-release. Keyster et al. (17) reported a similar
case where PHS occurred when a patient was switched from levodopa to
bromocriptine.

Another situation where PHS has been reported is in PD patients treated for a
coexisting psychiatric disorder with neuroleptics. One such patient with schizo-
phrenia and PD treated with neuroleptics for his primary psychotic disorder be-
came gravely ill after cessation of anti-parkinsonian medications (25). In another
case, a patient admitted to the hospital for drug-induced psychosis had his levodopa
stopped and haloperidol started at the same time. Severe “off” periods associated
with motor fluctuations can also trigger such events. Pfeiffer and Sucha (15) re-
ported a single patient developing repeated PHS features with “off” episodes.
Events occurred for years, lasting 1 or 2 hours and improved when he turned “on.”
He ultimately died during a severe episode associated with a fever of 41.7°C.
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Two other situations have been reported in single cases that occurred without
change in medication regimen. One involved perimenstrual “off” times with symp-
toms of PHS (26). In this case, it is believed that elevated estrogen and progester-
one levels may have decreased central nervous system (CNS) dopaminergic
stimulation in a manner similar to cutting medication doses. The other case in-
volved metabolic alteration, particularly hypernatremia (27)—the mechanism by
which this caused PHS is unclear.

The patient vignette presented here suggests a new potential risk for PHS in PD
patients. Deep brain stimulation (DBS) of the subthalamic nucleus is a relatively
new treatment for advanced PD. When performed properly, DBS leads to a sub-
stantial decrease in “off” time and severity. This improvement can in turn lead to a
decrease in levodopa requirements by about 30% (28). Some authors advocate dis-
continuing levodopa altogether (29), but others have voiced concern regarding this
objective (30). Our patient had subthalamic DBS implanted and abruptly stopped
medications, although not as part of the programming plan. He developed PHS and
pulmonary embolism, which was ultimately fatal.

The frequency of PHS in PD has not been studied formally, but the disorder
appears to be rare. We identified 79 cases reported in the literature. The details of
the cases were varied. One paper was a therapeutic trial that included 40 cases (31),
two papers reported 11 cases each (16,32), two reports described 3 cases each
(13,17), and the rest were single-case reports. Serrano-Duenas (16), with one of the
larger cohorts, reported that 11 cases accounted for 3.6% of his PD patient popula-
tion and 0.04% of total patient consultations for PD. In the study by Sato et al. (31),
40 cases were seen over a 3-year period. These findings may suggest that PHS may
be more prevalent than previously recognized.

Patients developing PHS were more likely to be male (44 of 79 reported), with
duration of PD ranging from 2 to 16 years and baseline levodopa dose at time of
onset ranged from 200 to 2100 mg per day. Not all patients have advanced PD with
motor fluctuations. In the report by Ueda et al. (32), only 4 of 11 cases was experi-
encing this problem at the onset of PHS.

The clinical features of PHS are nearly identical to NMS, and the clinical pre-
sentation seems fairly stereotyped. The time of onset of symptoms after change in
dopaminergic therapy ranged from 18 hours to 7 days. The initial feature in most
patients is severe rigidity along with tremor, with progression to an immobile state
(16,17,32). Within 72 to 96 hours, most patients are febrile with altered mental
status ranging from agitation and confusion to stupor and coma. Autonomic signs
such as tachycardia, tachypnea, labile blood pressure, urinary incontinence, pallor,
and diaphoresis often accompany this. In some cases fever, mental status changes,
and autonomic dysfunction may occur from the outset along with worsening of
parkinsonism (32). Temperatures as high as 41.7°C have been reported (13,15).
Laboratory findings usually reveal leukocytosis (as high as 26,000) and elevated
CK (ranging from 260 to 50,000 in reported cases). There have been no reports
where iron levels were examined. Respiratory distress is not uncommon, and me-
chanical ventilation may be necessary (18,25). Mutism, as part of the mental status
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derangement, was reported by several authors (12,24,27). Other neurological fea-
tures include seizures (19) and myoclonus (14).

Although this description seems very similar to NMS, there appear to be some
differences. Serrano-Duenos (16) performed the only available comparison, look-
ing at 11 PHS patients and 21 NMS patients. They found that the latency to onset of
symptoms after the inciting event was twice as long (93 h vs 49 hours) for PHS as
for NMS. In addition, in PHS the elevation of CK and WBC was significantly less
robust. The duration of hospitalization was also shorter (8.4 vs 12.2 days). As ex-
pected, PHS patients were older than those in the NMS group. These findings sug-
gest that NMS is a more aggressive disorder than PHS, and caries a poorer
prognosis.

As with NMS, PHS may carry serious sequelae. Some patients only partially
recover from the event, left with significantly worse PD (16,17). In one case, a
patient at Hoehn and Yahr stage II prior to the incident became wheelchair-bound
afterwards (16). Medical complications are also a concern. Deep venous thrombo-
sis is a serious complication, and may ultimately result in pulmonary emboli. Sev-
eral patients have developed aspiration pneumonia during a bout of PHS, and two
cases developed renal failure (13,17), complications well described in NMS. Fi-
nally, four of the reported cases (including ours) were fatal (13,15,18). Two died in
hyperthermic coma with no other explanation, one died with aspiration pneumonia
and renal failure, and one from pulmonary embolism.

ILLUSTRATIVE CASES FROM THE LITERATURE

The following four cases from the literature illustrate this disorder. In addition,
Table 1 summarizes the time frame involved in development of PHS after dopam-
inergic drug withdrawal, and recovery after therapy in six representative cases from
two recent papers (16,17).

Case 1 (17)
A 75-year-old man with a diagnosis of PD was treated with immediate-release

carbidopa/levodopa (C/L) 25/100, one tablet three times a day for 1 year. When
100 mg of amantadine was added for symptomatic benefit, the patient mistakenly
discontinued his C/L. Within 5 days he became tremulous, weak, pale, diaphoretic,
and dyspneic. Amantadine was increased without clinical benefit. It was discov-
ered that C/L had been discontinued and it was restarted, but only at twice daily
dosing. Over the ensuing week, the patient became progressively confused, result-
ing in the cessation of C/L. Within 48 hours, he worsened considerably and because
of continued confusion, 9 mg of haloperidol was given. Soon after, the patient be-
came mute, agitated, and severely rigid with a diffuse coarse tremor. Laboratory
review revealed leukocytosis, hypernatremia, and an elevated CK (452 U/L). Within
5 hours of this evaluation, the patient’s temperature rose to 38.5°C. Bromocriptine
(2.5 mg every 6 hours) was started, and within 72 hours, the patient’s condition
markedly improved. C/L was subsequently restarted, and the patient fully recovered.
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Case 2 (17)
A 64-year-old man was treated for 7 years for PD, most recently with C/L 25/

250 four times a day, benztropine 2 mg per day and trihexiphenidyl 4 mg per day.
Four days prior to presentation, his medications were abruptly changed to 2.5 mg of
bromocriptine twice a day and propranolol. Within 3 days, tremor, rigidity, and
impaired speech worsened, and his temperature rose to 39.4°C. His previously pre-
scribed medications were restarted, but without benefit. On admission, he was fe-
brile, mute, and diaphoretic, with marked rigidity and tremor. Serum CK at the time
was 545 U/L. Treatment with bromocriptine and dantroline sodium was begun, but
he remained febrile. Chest X-ray revealed a right lower lobe infiltrate consistent
with aspiration pneumonia, and antibiotics were initiated; fever resolved within 4
days. Despite clinical improvement, his tremor and rigidity remained worse than
before the event.

Case 3 (16)
A 74-year-old woman abruptly stopped taking her antiparkinsonian medication.

She had advanced disease (Hoehn and Yahr stage III), and had been taking 75/750
mg of C/L per day, 10 mg per day of selegiline and 80 mg per day of propranolol.
She decided to begin an alternative, natural treatment for PD and did not discuss
this first with her treating physician. Within a short time, she became markedly
rigid, and was unable to walk or feed herself. Within 96 hours, she was diaphoretic,
somnolent, febrile (37.9°C), rigid, and stuporous, and had a serum CK of 759 U/L
on presentation to a local hospital. A diagnosis of PHS as a result of abrupt medica-
tion withdrawal was made, a nasogastric tube was placed, and dopaminergic medi-
cation was restarted. Within 9 hours she became alert, and rigidity lessened within
15 hours. On discharge 9 days later, rigidity was worse than prior to the incident.

Case 4 (18)
A 51-year-old man with a 9-year history of PD was admitted to the hospital

because of severe levodopa-induced dyskinesias. His medications on admission
included C/L 25/250 three times a day and 50 mg of diphenhydramine four times a
day. C/L was reduced by one half for 3 days and then stopped altogether (drug
holiday), and diphenhydramine was cut to twice each day (BID). Two days later,
the dyskinesias stopped and were replaced by rigidity, bradykinesia, and tremor.
On the third day his temperature rose to 38.2°C, his heart rate to 120 beats per
minute, his respiratory rate to 28 inhalations per minute, and he was diaphoretic.
The temperature increased further to 40.4°C by day 10, and he remained confused
and disoriented. Anti-PD medications were restarted, and intravenous fluids and
low-dose heparin were begun. By day 10, CK was 260 U/L, and on day 14 WBC
was 13,200/mm3. Work-up for infection was negative, and antibiotics were initi-
ated empirically. Despite therapy, he remained febrile and stuporous. He was intu-
bated and placed on a ventilator, but died in hyperthermic coma on day 15 after
discontinuing medications.
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RISK FACTORS AND PATHOGENESIS

In practice, many PD patients have their doses of dopaminergic medications
decreased or stopped and yet only a very small fraction experience PHS. On the
other hand, some patients are susceptible enough to develop this syndrome without
changing medications (26,27). There have been attempts to evaluate potential risk
factors in PD patients (32–35). The most ambitious of these was a study by Ueda et
al. (32), which examined clinical and neurochemical features over a 3-year period
in 98 consecutive hospitalized PD patients. Demographics, disease severity, and
cerebrospinal fluid monoamine metabolites including homovanillac acid (HVA),
3-methoxy-4-hydroxyphenyglycol, and 5-hydroxyindole acetic acid were evalu-
ated. Eleven of the 98 had a history of PHS (either remote or leading to the study
admission). The PHS group had significantly worse parkinsonism and a greater
daily levodopa dose. No difference was seen between groups with respect to gen-
der, age, duration of disease, or maximum levodopa dose. HVA cerebrospinal fluid
(CSF) levels were significantly lower in the PHS group, the only feature indepen-
dently related to the occurrence of PHS. A second study by the same group (33)
examined HVA CSF levels in 9 patients during and after an episode of PHS, and
compared them to 12 PD patients with simple worsening of PD with discontinuing
medications. HVA levels were significantly lower in the PHS group. The authors
suggested that the lower baseline level left a “narrow safety margin,” leading to an
increased susceptibility to the occurrence of PHS. Other studies (34,35) suggest
that the presence of motor fluctuations, psychosis, and dehydration prior to the
event represent other possible risks.

It is generally accepted that alterations in dopaminergic transmission in the brain
are the pathogenic mechanism of NMS (3,36). Abnormalities in muscle membrane
function, changes in peripheral and central sympathetic outflow, and alterations in
central serotonin metabolism have also been implicated (3). The occurrence of PHS
(a clinically identical syndrome to NMS) with dopaminergic drug withdrawal in
PD indicates that a hypodopaminergic state alone is sufficient to trigger both disorders.

The clinical features of PHS can be explained by central dopamine depletion.
The motor features of PHS are exaggerated PD symptoms related to decreased
dopaminergic activity in the nigro-striatal system. The role of dopamine in thermal
regulation is also well known. These dopamine pathways within the hypothalamus
include the preoptic area, the anterior hypothalamus concerned with thermal detec-
tion, and the posterior hypothalamus involved with generation of effector signals.
The thermosensitive neurons respond to local changes in blood temperature as well
as to afferent information from peripheral thermosensors. Dopamine and dopamine
agonists modulate hypothalamic temperature regulation, whereas dopamine recep-
tor antagonists block this ability (3). Dopaminergic depletion can also explain men-
tal status changes through modulation of mesolimbic and mesocortical pathways (3).

TREATMENT

PHS is a neurological emergency. The key to treatment is early recognition of
the syndrome and rapid reintroduction of withdrawn antiparkinsonian medication
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(see Table 2). If there is no history of medication schedule alteration, then other
causes must be sought, including the use of neuroleptics. When discontinuation of
medication is the cause, the drug most commonly responsible is levodopa, and it
should be re-instituted first, via nasogastric tube if necessary. Because PHS has
occurred in two patients as a result of poor absorption of levodopa relating to diet,
this is an important consideration. Beyond that, the treatment is similar to that of
NMS, including rehydration with intravenous fluids and treatment of hyperthermia
with antipyretics and cooling blankets, as well as supportive measures such as me-
chanical ventilation, cardiovascular monitoring, intravenous access, nasogastric
suctioning/feeding, and prevention of thrombophlebitis. Metabolic evaluation and
work-up to exclude infection are necessary. Because these patients are at risk for
infections such as aspiration pneumonia, it is reasonable to initiate antibiotic therapy
while the work-up is underway. Additional medical therapy with bromocriptine or
other dopamine agonists and dantroline should be utilized. Bromocriptine is orally
administered, with an initial dose of 2.5 mg three times daily, titrated for effect in
increments of 2.5 mg three times daily every 24 hours. Dantrolene, a muscle relax-
ant initially used to treat malignant hyperthermia, is a parental compound typically
dosed as 10 mg/kg per day in three to four divided doses. With proper therapy,
symptoms will reverse in 10 hours to 7 days. Most of the patients described ulti-
mately required a fairly lengthy hospital stay (5–22 days).

One recent study examined the use of methylprednisolone pulse therapy as an
added regimen for PHS in PD (31). In a randomized trial, all patients received
levodopa, bromocriptine, and dantrolene sodium, and patients were randomized to
receive placebo or 1000 mg of methylprednisolone for 3 days. Results suggested
that steroid pulse therapy might shorten the course of the illness, perhaps by as
much as 10 days, although notable overlap between groups was seen. This is the
only double-blind, placebo-controlled trial in PHS or NMS, and further investiga-
tion is warranted.

Table 2
Steps in the Management of Parkinsonism-Hyperplexia Syndrome
in Parkinson's Disease

Recognition of the disorder
Verification of patients’ medication regimen/compliance
Reintroduction of antiparkinsonian medications
Supportive measures: antipyretics/cooling blankets

re-hydration
intensive care unit monitoring/management (see text)

Clinical evaluation for possible comorbid conditions
Bromocriptine 2.5 mg orally three times daily, titrated by 2.5 mg three times daily as

necessary
Dantrolene sodium 10 mg/kg/day intravenously in divided doses (three or four times

daily) as necessary
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CONCLUSION

PHS is a neurological emergency that has the potential to end in fatality. In all
likelihood, it is underrecognized and more common than the literature might sug-
gest. The use of several terms to describe the diagnosis in the literature has contrib-
uted to the confusion. A unifying term could improve awareness, especially if the
term relates specifically to those patients with underlying parkinsonism. That is
why we believe that PHS, recommended by Gordon and Frucht (14), fulfills that role.

There are several ways to prevent PHS. First, drug holidays are no longer con-
sidered an appropriate treatment approach in PD. If reduction in dopaminergic
therapy is needed, gradual reduction is mandated and patients should be made aware
of the possible occurrence of PHS. This applies to patients with multiple system
atrophy, progressive supranuclear palsy, and corticobasal degeneration (37). It is
important to avoid the use of standard neuroleptics in these patients because they
are already at risk for NMS or PHS. Even atypical antipsychotics have the potential
to lead to NMS or PHS in PD. The agents best tolerated by PD patients are
quetiapine and clozapine (38), but they should also be prescribed with caution.
Although patients with more severe disease and those taking larger daily levodopa
doses are at greater risk (32–35), even patients with early PD and taking low doses
of levodopa can develop PHS. Once the syndrome does occur, recognition is para-
mount and rapid reintroduction of dopaminergic medications imperative.
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PATIENT VIGNETTES
Patient 1: A-16-year-old woman, who lives on a farm and spends time outdoors

had been well with no psychiatric history until 1 week prior to admission. At that
time, she developed difficulty sleeping and bizarre behavior including assault, sob-
bing, undressing in public, and thoughts of suicide that prompted admission to the
hospital. On examination, she is labile, agitated, and delusional and experiences tac-
tile, visual, and auditory hallucinations. She is found to have impaired recall,
dyscalculia, and right-sided sensory deficits. She is started on 2 mg of haloperidol
orally twice a day, and she also receives 5 mg intramuscularly for worsening agita-
tion. Within a few hours, she develops a temperature of 39.8°C, tachycardia, dia-
phoresis, and board-like rigidity with cogwheeling, tremors, and mutism. A
generalized seizure is observed. Despite administration of diphenylhydantoin, ste-
roids, diazepam, benztropine, and three electroconvulsive treatments, she remains
rigid and unresponsive with temperatures up to 40.5°C.

Laboratory examination reveals elevated serum creatine phosphokinase (CPK)
(44,000 IU) and peripheral leukocytosis. Serial electroencephalograms (EEGs) show
diffuse generalized slowing, but a computed tomography (CT) scan of the head is
normal. Lumbar puncture on three occasions reveals 30–70 white blood cells/mm3

(98% lymphocytes) with normal pressure, glucose, and protein. Cultures, stains, se-
rology, and polymerase chain reaction are negative. Haloperidol is discontinued, and
dantrolene and amantadine are administered. Over 2 weeks, she becomes alert, ver-
bal, and ambulatory, but shows memory deficits and dysarthria, which resolve after 6
months.

Patient 2: A 65-year-old man with a history of alcohol dependence was admitted
with a complaint of abdominal pain and nausea. Observation of a mass on a magnetic
resonance imaging scan of the abdomen was followed by surgery for a perforated
diverticulum. Postoperatively, he appears restless, agitated, and delirious. He receives
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2 mg of haloperidol and 2 mg of lorazepam intravenously every 2 hours. Within 24
hours, he becomes unresponsive, tachycardic, hypotensive, tremulous, rigid, and fe-
brile with temperatures reaching 41.5°C. Laboratory examination reveals hypoxia,
metabolic acidosis, elevated serum CPK (21,500 IU), and leukocytosis. An EEG
shows diffuse generalized slowing and a CT scan of the head demonstrates mild cor-
tical atrophy. Haloperidol is discontinued, but he develops sudden respiratory arrest
requiring intubation. Lorazepam is continued and dantrolene and bromocriptine are
administered. Subsequently, he is treated for acute renal failure and disseminated
intravascular coagulation. He gradually improves over 4 weeks, but continues to ex-
hibit persistent dysarthria and mild ataxia several months later.

INTRODUCTION

Neuroleptic malignant syndrome (NMS) was first identified by Delay et al. dur-
ing early trials of haloperidol (1). Although subsequently studied in France and
Japan, NMS remained obscure until 1980, after which increasing recognition re-
sulted in hundreds of published case reports, primarily in the psychiatric literature
(2–4). These clinical observations enabled a more precise definition of NMS, clari-
fied risk factors and treatment strategies, renewed interest in related hyperthermic
disorders, and shed light on the pathophysiology of the syndrome (3,4). Increased
awareness and the recent introduction of atypical antipsychotic medications with
reduced liability for producing movement disorders have probably reduced the in-
cidence of NMS in psychiatric settings (5,6). Nevertheless, the evaluation and treat-
ment of NMS remain obscure to most practicing physicians, especially outside of
psychiatry. This is alarming, given that NMS remains potentially lethal if unrecog-
nized, and underscores the need for increased awareness of the diagnosis and man-
agement of this serious drug reaction.

EPIDEMIOLOGY

Although NMS occurs infrequently, the widespread use of neuroleptics in medi-
cine and psychiatry suggests that the absolute number of cases is significant. The
incidence of NMS varies depending on the population at risk, prescribing practices,
and methods of case ascertainment. Combining data from published studies of NMS
in psychiatric patients treated with neuroleptics, we have estimated the incidence of
NMS to be about 0.2% (3). However, it is possible to reduce the incidence of NMS
by using conservative doses of neuroleptics, minimizing risk factors, and recogniz-
ing incipient cases.

Several small, controlled studies have been conducted to identify reliable risk
factors (7,8). NMS has been reported in both sexes and in all age groups. Although
elevated environmental heat and humidity have been proposed as contributing fac-
tors in a few cases, NMS occurs independent of ambient conditions. NMS is not
specific to any neuropsychiatric diagnosis. It has developed in patients treated with
neuroleptics for diverse psychiatric illnesses, as well as in patients who receive
neuroleptics for agitation, sedation, or gastrointestinal disorders in medical settings.
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Several authors have proposed an increased risk of NMS in patients with preexist-
ing catatonia and disorders affecting the basal ganglia (3,9,10). Additional evidence
suggests that exhaustion, agitation, and dehydration may predispose patients to de-
velop NMS (3,7,8).

Pharmacologically, about 17% of NMS patients experienced a similar episode
during prior exposure to neuroleptics, suggesting a trait susceptibility to the disor-
der. Virtually all classes of drugs that induce dopamine D-2 receptor blockade have
been associated with NMS. This includes all typical neuroleptics used as
antipsychotics. Although the newer, atypical antipsychotics have also been associ-
ated with NMS in published case reports, their liability for inducing NMS is likely
lower (6).

NMS cases, including some that were fatal, have also been reported in associa-
tion with other neuroleptic drugs prescribed by medical and surgical practitioners
(11). These include prochlorperazine, metoclopramide, droperidol, and promethaz-
ine. We believe that such cases of NMS remain seriously underreported and
underrecognized (11).

NMS does not result from overdosage with neuroleptics; rather, it usually oc-
curs with therapeutic use (3). Within this range, however, several studies have sug-
gested that patients who develop NMS are more likely to have received relatively
higher doses, more rapid titration, and more parenteral injections of neuroleptics
compared to controls (7,8). Data are inconclusive as to whether use of adjunctive or
concomitant medications (e.g., antiparkinsonian drugs or lithium) increase or de-
crease the risk of NMS.

Although evidence from small cohort studies suggests that these clinical and
pharmacological variables correlate with the risk of NMS, the low incidence rate
and idiosyncratic occurrence of the disorder precludes their use as reliable risk fac-
tors for risk–benefit evaluation of neuroleptic therapy when indicated in a given
patient.

PATHOPHYSIOLOGY

Several lines of evidence support acute reduction in dopamine activity in the
brain as the basic mechanism underlying NMS (3,12). All neuroleptics implicated
in NMS share the property of dopamine receptor blockade. Clinical studies indicate
that the risk of NMS correlates with the dose, potency, rate, and route of adminis-
tration of dopamine antagonists (7,8). Dopamine agonists have been administered
empirically as effective therapy for NMS. Patients with Parkinson’s disease (PD)
or other related disorders have developed NMS-like syndromes after abrupt with-
drawal of dopamine agonists. Patients with lesions interrupting dopamine path-
ways have developed akinetic mutism and hyperthermia resembling NMS. Studies
of neurotransmitter metabolites in cerebrospinal fluid obtained from patients with
NMS reveal central dopamine hypoactivity as a possible trait marker for NMS
(13,14). A few preliminary and unreplicated studies have also suggested abnor-
malities in the dopamine D2 receptor gene of patients who recovered from NMS
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episodes (15,16). Studies of clinical correlates of frontal–subcortical circuits pro-
vide a framework within which individual NMS symptoms may be localized to
perturbations in specific dopamine pathways (12). Finally, changes in dopamine
pathways in response to stress may be implicated as an additional state-related co-
factor involved in the triggering of NMS (12).

Although the evidence for a central role of dopamine in the pathophysiology of
NMS is compelling, other mechanisms have been proposed as contributing factors.
These include a relative excess of glutaminergic transmission secondary to dopam-
ine blockade, effects of low serum iron on dopamine receptor function, and the
effects of reduced activity of -aminobutyric acid (GABA) (3,12,14). Gurrera (17)
postulated a pivotal role for dysregulation of the sympathetic nervous system in
producing the characteristic hypermetabolic manifestations of NMS.

Finally, even though NMS and malignant hyperthermia (MH) induced by anes-
thetics differ in their pharmacological triggers (with MH attributed to a primary
pharmacogenetic defect in skeletal muscle), their similar clinical presentations cul-
minating in a final common hypermetabolic syndrome suggests potential parallels.
Clinical reports of an increased risk of NMS following administration of
neuroleptics in patients with preexisting myopathies or unexplained creatine phos-
phokinase (CPK) elevations lends support to overlapping or convergent mecha-
nisms between NMS and MH (11). This clinical evidence, combined with the
known pharmacological effects of neuroleptics on CPK levels, membrane perme-
ability, calcium regulation, and contractility in skeletal muscle, is intriguing and
merits further investigation (11,18).

CLINICAL CHARACTERISTICS

In addition to the development of reliable risk factors, it is critical to identify the
early signs of NMS in order to abort the progression of the syndrome. Although
NMS has a variable onset and sometimes evolves rapidly, rigidity and altered men-
tal status usually occur early, followed by autonomic changes and hyperthermia
(19). In more than 80% of cases in which a single presenting sign was reported,
rigidity or mental status change was the initial manifestation (19). Other prodromal
signs may include obtundation, catatonia, tachycardia, tachypnea, labile blood pres-
sure, dysarthria, dysphagia, diaphoresis, sialorrhea, incontinence, rigidity, myoclo-
nus, tremors, low-grade fevers, or serum CPK elevations. Clinicians should
diagnose NMS early and document the rationale for stopping neuroleptic therapy.
Unfortunately, these early signs are not specific for NMS, do not necessarily
progress to NMS, and do not invariably precede the syndrome (3).

Clinical features of NMS are listed in Table 1. NMS may be thought of as a form
of drug-induced hyperthermia, usually associated with profuse sweating. Extreme
temperature elevations represent a medical emergency and may cause irreversible
brain damage if not reduced immediately. Generalized rigidity, often described as
“lead-pipe,” is a core feature of NMS, and is usually associated with myonecrosis.
Cogwheeling, spontaneous and action myoclonus of multifocal distribution, and
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Table 1
The Clinical Features of Neuroleptic Malignant Syndrome

• Administration of neuroleptics, particularly high-potency conventional agents
• Signs and symptoms

Hyperthermia (>38°C)
Muscle rigidity with or without cogwheeling
Tremor, myoclonus
Mental status changes (stupor, mutism, delirium)
Autonomic instability (tachycardia, labile blood pressure)
Tachypnea, dyspnea
Diaphoresis, sialorrhea, incontinence
Dysarthria, dysphagia

• Positive laboratory findings
Creatine phosphokinase elevation, leukocytosis, metabolic acidosis, hypoxia,
low serum iron, elevated serum catecholamines, slowing on electroencephalogram

• Complications
Cardiorespiratory arrest, acute renal failure, rhabdomyolysis, pulmonary emboli, aspi-
ration pneumonia, disseminated intravascular coagulation, limb contractures, ischemic
brain damage

• Exclusion of other central, systemic, and toxic causes of hyperthermia

postural tremors are often described along with other movement disorders. Mental
status changes include clouding of consciousness ranging from stupor to coma,
delirium, or the onset of catatonia. The classic NMS patient appears awake but
dazed, stuporous, and mute. Autonomic activation and instability are common,
manifesting as tachycardia, oscillations in blood pressure, and tachypnea.

Although several laboratory abnormalities have been reported in NMS, none are
specific or pathognomonic for the diagnosis (3). Instead, a comprehensive labora-
tory evaluation is essential in order to exclude other causes of hyperthermia and
detect medical complications. Serum CPK is usually moderately elevated and oc-
casionally reaches extraordinary levels reflecting massive rhabdomyolysis. Al-
though elevations in CPK are not specific to NMS, monitoring of the enzyme level
remains important as a measure of the severity of rhabdomyolysis and the attendant
risk of myoglobinuric renal failure. Other frequently described laboratory abnor-
malities include metabolic acidosis, hypoxia, decreased serum iron, elevated serum
catecholamines, electrolyte abnormalities, and coagulopathies (3).

Nonfocal generalized slowing on electroencephalogram consistent with encepha-
lopathy has been reported in over half of NMS cases. Brain imaging studies, cere-
brospinal fluid examination, and sepsis evaluation are negative in NMS, allowing
for infectious etiologies to be ruled out (3).

NMS usually results from the neurochemical changes induced by neuroleptics
during the initial stages of treatment or after dosages are increased. In a review by
Caroff and Mann (20), 16% of patients developed NMS within 24 hours of initiat-
ing neuroleptic treatment, 66% by 1 week, and 96% occurred within the first 30
days. Only 4% developed NMS beyond 30 days. Conversely, once neuroleptics



46 Caroff et al.

were discontinued, NMS was self-limited barring complications. Following dis-
continuation of oral neuroleptics, the mean recovery time has been estimated at 7 to
10 days (3,20). About 63% recover within 1 week, and nearly all within 30 days.

In some cases, the course of NMS may be prolonged. For example, patients
receiving long-acting depot neuroleptics may remain ill nearly twice as long (3,20).
Occasional patients may develop a residual catatonic-parkinsonian state that can
persist for weeks to months if left untreated after the acute hyperthermic symptoms
of NMS subside (21). Although dopamine agonists and benzodiazepines have been
advocated for treatment of this residual state, electroconvulsive therapy (ECT) ap-
pears to be more rapidly effective with reduced mortality in reported series (21).

Early diagnosis and intervention have contributed to a decline in the mortality
rate, but not all patients recover from NMS (3). Fatalities may occur as a result of
sudden cardiorespiratory arrest, aspiration pneumonia, pulmonary emboli, acute
renal failure, or disseminated intravascular coagulation. Findings at autopsy are
usually nonspecific and variable, depending on complications (3). Persistent clini-
cal sequelae of NMS are rare in patients who recover. However, cases of amnestic
syndromes, extrapyramidal and cerebellar disorders, peripheral neuropathy, my-
opathy, and contractures have been reported (3).

The differential diagnosis of NMS encompasses a broad range of disorders pre-
senting with fever, requiring a thorough medical and neurological evaluation. De-
spite careful investigation, the cause of the syndrome in some patients may remain
unclear or multifactorial (3). Other disorders that can resemble NMS include pri-
mary disorders of the brain and systemic disorders that secondarily affect brain
function. Among the former are infectious encephalitis, structural lesions, and rare
cases of nonconvulsive status epilepticus (3,9,22,23).

We have been consulted on several cases resembling the patient described in our
first clinical vignette in which a patient with underlying encephalitis is initially
misdiagnosed with a psychiatric condition and then develops NMS following ad-
ministration of neuroleptics (10,22). Some of the features in these cases are remi-
niscent of encephalitis lethargica. These observations led us to underscore the
importance of considering encephalitis in the differential diagnosis of patients who
present with new-onset psychosis, especially if they develop NMS after treatment
with neuroleptics (10,22). Such cases imply that encephalitic patients may be at
increased risk for NMS and other neuroleptic-induced movement disorders (10,22).

Advanced stages of psychotic disorders associated with excited or stuporous
catatonia (delirious mania or malignant catatonia) can progress to exhaustion, hy-
perthermia, and death (24,25). Although the occurrence of malignant or lethal cata-
tonia has decreased, it still occurs and can be indistinguishable from NMS. Indeed,
NMS has been conceptualized as a drug-induced iatrogenic form of malignant cata-
tonia (24,25). In either NMS or malignant catatonia, neuroleptics should be discon-
tinued because most NMS episodes are self-limited and should subside within 2
weeks after drug discontinuation. In malignant catatonia, neuroleptics appear to be
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ineffective and even detrimental (3,24,25). In contrast, ECT appears to be the treat-
ment of choice for malignant catatonia, and is often effective in NMS (24–26).

In relation to systemic disorders, patients with common and benign forms of
neuroleptic-induced parkinsonism or catatonia may develop fever from coincident
infections or dehydration and be mistakenly diagnosed as having NMS.
Neuroleptics have also been associated with rhabdomyolysis alone without other
features of NMS; the relationship between these two drug-induced phenomena is
unclear. Hyperthermia may be observed in patients with thyrotoxicosis and pheo-
chromocytoma, which can be distinguished from NMS by the absence of rigidity.
Systemic lupus erythematosus or other autoimmune diseases affecting the brain
may present with fever and neurological signs. Heatstroke may develop in patients
during hot weather and may be confused with NMS (3,27). Furthermore, neurolep-
tic treatment may predispose to heat stroke by blocking central thermoregulatory
heat loss pathways. Unlike NMS, however, muscle rigidity is unusual in heat stroke.

Many toxins and drugs have been associated with hyperthermia and must be
considered in the differential diagnosis. Volatile anesthetics and succinylcholine
are associated with MH during surgery, which can be confused with NMS if
neuroleptics are administered perioperatively (11). Although NMS has been re-
ported before and after surgery, it appears unlikely to develop intraoperatively, in
contrast with MH (11). Furthermore, centrally derived muscle rigidity associated
with NMS can be reversed by neuromuscular blockade, whereas rigidity associated
with MH reflects a defect within skeletal muscle, which does not respond to para-
lyzing agents.

Abrupt withdrawal of levodopa or dopamine agonists in patients with PD has
resulted in hyperthermic syndromes indistinguishable from NMS, reflecting the
shared mechanism of acute dopamine deficiency. Abrupt discontinuation of oral or
intrathecal administration of the GABAergic agent baclofen can produce a similar
syndrome. Illegal stimulants and hallucinogens have been associated with hyper-
thermia, seizures, rigidity, rhabdomyolysis, and death. Anticholinergic drugs used
to treat extrapyramidal disorders can result in atropinic toxicity manifested by fe-
ver without rigidity. Withdrawal states, such as delirium tremens, can also be diffi-
cult to distinguish from NMS, especially if neuroleptics have been administered to
control agitation or psychotic symptoms.

Finally, serotonin syndrome is often considered in the differential of NMS, and
has been increasingly reported in association with selective serotonergic agents
introduced for the treatment of depression or migraine headaches (28). Although
serotonin syndrome can present as an NMS-like hypermetabolic state in its most
severe form associated with monoamine oxidase inhibitors, it usually presents with
milder and more transient symptoms indicative of an agitated delirium.

Our second vignette illustrates the need to exclude several of these conditions
before settling on the diagnosis of NMS. This is a particularly challenging task in
critical care units where fever commonly occurs as a result of infections or drug
reactions. It is unusual for MH to occur postoperatively, and therefore MH was an
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unlikely diagnosis in this case. In contrast, NMS has been reported in the context of
neuroleptic treatment of postoperative agitation. Furthermore, this patient was al-
cohol-dependent, raising the possibility of a withdrawal reaction. Although CPK
elevations can be observed in alcohol abusers as well as in NMS patients, the char-
acteristic rigidity of NMS is not a typical feature of alcohol withdrawal. However,
we have previously suggested that patients with severe withdrawal from alcohol or
sedatives may be at increased risk of developing NMS (3,23).

Both clinical vignettes illustrate the fact that the occurrence of NMS represents
an interaction between patient susceptibility, stemming from primary or acquired
subcortical brain dysfunction, and neuroleptic-induced effects.

TREATMENT

The mainstay of treatment of NMS includes risk reduction, early diagnosis, ces-
sation of neuroleptic medications, and provision of intensive medical and nursing
care (26,29). There is less evidence and consensus concerning the comparative ef-
ficacy of specific pharmacologic agents and ECT in the treatment of NMS. This
derives from the fact that with early recognition and prompt cessation of
neuroleptics, NMS is a self-limited disorder in most cases, regardless of specific
therapy. Furthermore, there is a scarcity of controlled clinical treatment trials. Nev-
ertheless, there are rational theories and empirical clinical data to support consider-
ation of specific pharmacological agents and ECT in the treatment of NMS.

Based on available evidence, we recommend that specific treatment of NMS
should be individualized and based empirically on the character, duration, and se-
verity of clinical signs and symptoms (26,29); (Fig. 1). In many cases, supportive
care alone with close monitoring for progression of symptoms or complications
may be sufficient. Benzodiazepines are effective in reversing catatonia, easy to
administer, and may be tried initially in most cases. Trials of bromocriptine, aman-
tadine, or other dopamine agonists are a reasonable next step in patients with mod-
erate symptoms of NMS. When severe symptoms render treatment by the oral route
impractical, intravenous or subcutaneous administration of dopamine agonists (e.g.,
lisuride or apomorphine) becomes an excellent option (30). In addition, newer
dopamine agonists are being developed for transdermal delivery, which will facili-
tate parenteral administration of dopaminergic drugs under extreme circumstances.

Dantrolene appears to be beneficial only when significant rigidity and hyper-
thermia develop as manifestations of a full-blown hypermetabolic state. As an in-
hibitor of skeletal muscle hypermetabolism, dantrolene has been associated with
rapid reduction of extreme temperature elevations in many cases. The above medi-
cations have not been reliably effective in all case reports of NMS. Furthermore,
positive drug effects are usually observed during the first few days of treatment of
NMS, whereas delayed administration is unlikely to produce a late response (26,29).

If symptoms of NMS persist despite supportive care and pharmacotherapy, ECT
may be effective even late in the course. ECT may be preferred if idiopathic lethal
catatonia cannot be excluded, if NMS symptoms are refractory to other measures,
in patients with prominent catatonic features, and in patients who develop a re-
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Fig. 1. Proposed empirical guidelines for the treatment of neuroleptic malignant syn-
drome. Treatment should be individualized based on character, severity and duration of
symptoms. Agents may be co-administered. Potential side effects should also be reviewed
and considered.

sidual catatonic-parkinsonian state or remain psychotic after NMS has resolved
(21,26,29).

Among patients who recover from NMS, there is a 30% risk of recurrent epi-
sodes following subsequent neuroleptic rechallenge (3). However, the majority of
patients who require neuroleptic therapy can be safely treated, provided precau-
tions are taken. Reports of previous episodes should be checked for accuracy, indi-
cations for neuroleptics clearly documented, alternative medications considered,
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informed consent obtained from patients and families, risk factors reduced, at least
2 weeks allowed to elapse following recovery before rechallenge, low doses of
low-potency conventional neuroleptics or atypical neuroleptics titrated gradually
after a test dose, and patients carefully monitored for incipient signs of NMS.

CONCLUSION

Neuroleptics are highly effective and safe medications that have achieved wide-
spread use in medicine and psychiatry. However, they have been associated with
NMS in about 0.2% of psychiatric patients. Significant progress has been achieved
in recognizing, managing, and understanding this drug reaction since it was first
described more than 40 years ago. Development of atypical antipsychotics, conser-
vative prescribing guidelines, reduction of proposed risk factors, and education of
staff has resulted in a reduced incidence of this disorder. Early diagnosis, cessation
of neuroleptic medications, prompt medical intervention, and consideration of spe-
cific remedies can reduce morbidity and mortality when NMS occurs. It is there-
fore essential for all physicians and nurses to become familiar with the diagnosis
and treatment of this uncommon but potentially lethal movement disorder emergency.
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Malignant Catatonia

Stephan C. Mann, Stanley N. Caroff,
E. Cabrina Campbell, Henry R. Bleier,

and Robert A. Greenstein

PATIENT VIGNETTES
Patient 1: A 27-year-old woman with a personal and family history of bipolar

disorder has taken no psychiatric medications for the past 6 months. One week prior
to admission, she develops elevated mood, pressured speech, and flight of ideas. Over
the ensuing days, she grows markedly agitated and unable to sleep, talks constantly,
paces relentlessly, and refuses to eat or drink. On admission to the psychiatric unit,
she requires four-point restraints. She is confused and intensely hyperactive, with
periods of incoherent chatter alternating with hostile verbal outbursts. She frequently
thrashes from side to side, is delusional, and appears to be responding to both audi-
tory and visual hallucinations. She exhibits muscular rigidity, posturing, echolalia,
and echopraxia. Temperature is 39°C with tachycardia, tachypnea, profuse diaphore-
sis, and a blood pressure of 170/120 mmHg. Laboratory abnormalities include leuko-
cytosis, elevation in creatine phosphokinase (CPK) (2800 IU) and serum
transaminases, and a serum iron of 38 μg/dL (75–175 μg/dL). Lumbar puncture, elec-
troencephalogram and computed tomography scan of the head are normal.

During the next 24 hours, she lapses into stupor with increased rigidity and a
temperature of 40.2°C. The diagnosis of malignant catatonia associated with a manic
episode is made and electroconvulsive therapy (ECT) initiated. Body temperature
and other vital signs return to normal after the first bilateral ECT treatment. She re-
ceives one bilateral ECT treatment daily for the next 5 days and three more over the
next week. She responds with a marked decrease in agitation and progressive im-
provement in confusion, hallucinations, delusions, and catatonic features. She starts
divalproex sodium and olanzapine with good response and is discharged 2 weeks later.

Patient 2: A 46-year-old schizophrenic man has taken no psychiatric medications
for the past 2 years. He is admitted to the intensive care unit with a 1-week history of
progressive mutism, immobility, negativism, and staring. On exam, he exhibits
marked muscular rigidity. Temperature is 40.1°C with tachycardia, tachypnea, dia-
phoresis, and a blood pressure of 190/110 mmHg. Laboratory evaluation reveals el-
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evated CPK and leukocytosis. All other studies are noncontributory. Malignant cata-
tonia is diagnosed. Intravenous lorazepam (2 mg), administered four times daily for 2
days provides no benefit. He is referred for ECT and responds promptly.

INTRODUCTION

Catatonia is a syndrome of striking motor and behavioral abnormalities that may
occur in association with diverse neurologic, drug-induced, and psychiatric ill-
nesses. Catatonia may be conceptualized as a continuum, with milder forms at one
end (termed simple or benign) and more severe forms, with hyperthermia and auto-
nomic dysfunction (termed malignant), at the other (1). The earliest description of
malignant catatonia (MC) derives from an 1832 publication by Calmeil (2), who
reported on a rare but life-threatening psychotic disorder characterized by extreme
motoric excitement that progressed to stuporous exhaustion. The entire course,
passing through excitement into stupor, involved mounting hyperthermia, progres-
sive autonomic dysfunction, clouding of consciousness, and catatonic features. In
those cases ending in death, the paucity of findings on autopsy was puzzling.

MC was subsequently reported by Bell in 1849 (3) and was the subject of nu-
merous American and foreign publications during the pre-antipsychotic drug era.
Other names used to describe this same disorder included Bell’s mania, acute de-
lirious mania, delirium acutum, delire aigu, psychotic exhaustion syndrome, and
Scheid’s cyanotic syndrome, among others (4–9). In 1934, Stauder (10) coined the
term lethal catatonia, which became the most widely used designation for this con-
dition for the next 60 years. More recently, stressing that not all cases are fatal,
Philbrick and Rummans (1) have promulgated the term malignant catatonia.

Although the incidence of MC may have declined worldwide following the in-
troduction of modern psychopharmacological agents, it has remained widely re-
ported, particularly in Europe and Asia. In contrast, contemporary North American
publications on MC have now become more limited. In this chapter, we review the
historical and modern world literature on MC. On the basis of this review, we con-
clude that MC continues to occur and represents an uncommon but potentially fatal
neuropsychiatric disorder. Lack of recognition appears to account for the scarcity
of recent North American reports on MC.

Furthermore, our data indicate that MC, like simple catatonia, represents a syn-
drome rather than a specific disease. Although most often presenting as an out-
growth of the major psychoses, MC may also occur in association with diverse
neurological, infectious, and toxic-metabolic conditions. From this perspective,
neuroleptic malignant syndrome (NMS), a life-threatening complication of anti-
psychotic drug treatment (9,11), may be viewed as a drug-induced form of MC. In
addition, findings from our review indicate that MC and NMS share a common
pathophysiology involving reduced dopaminergic neurotransmission within the
basal ganglia–thalamocortical circuits. Recognition of the clinical features of MC
and an appreciation of its diverse etiologies are essential for the effective manage-
ment of patients who develop this catastrophic reaction.
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CLINICAL PRESENTATION: PRE-ANTIPSYCHOTIC DRUG ERA

There is considerable uniformity to early clinical accounts of MC (4–9). A pro-
dromal phase was observed in most, but not all, cases. It lasted an average of 2
weeks and involved insomnia, anorexia, and labile mood. In about 90% of cases,
the disease proper began with a phase of intense motor excitement that then contin-
ued almost without interruption (as exemplified by patient 1). Shulack’s 1946 ac-
count (12) is representative. He describes excitement, which progresses to “a
continual maniacal furor, in which the individual will tear off his clothes, tear the
clothes to strips, take the bed apart, rip the mattress to pieces, bang and pound
almost rhythmically on the walls and windows, dash wildly from the room, assault
anyone in reach, and run aimlessly and without objective…If placed in restraints,
he will strain ceaselessly.” Features of this excited phase included refusal of all
foods and fluids, clouding of consciousness, and somatic disturbances such as ta-
chycardia, tachypnea, cyanosis, labile or elevated blood pressure, and profuse per-
spiration. Acrocyanosis and hematomas of the skin were often present. Excitement
might be punctuated by intervals of catatonic stupor. Other catatonic signs includ-
ing mutism, catalepsy, posturing, echolalia, and echopraxia were frequently noted.
Speech became increasingly incoherent and bizarre delusions and hallucinations
were often prominent. In this “classic” excited phase of MC, excitement was al-
ways associated with hyperthermia that could attain levels as high as 43.3°C prior
to the final stuporous phase of MC. Excitement lasted an average of 8 days (13).

In the final phase of MC, excitement gave way to stuporous exhaustion and
extreme hyperthermia, often followed by coma, cardiovascular collapse, and death
(4). In all of Stauder’s (10) 27 cases, skeletal muscle was found to be rigid during
this terminal stupor, resembling NMS. Although additional early accounts of MC
echoed the findings of Stauder, other reports noted musculature to be flaccid (13).
This differs from NMS where muscular rigidity represents a cardinal feature. In
addition, it is important to emphasize that roughly 10% of cases reported during the
pre-antipsychotic drug era involved catatonic stupor and hyperthermia occurring
independent of a preceding excited phase—that is, they had a primarily stuporous
course (patient 2).

During the pre-antipsychotic drug era, MC was reported fatal in 75% to 100% of
cases (4). It was observed to occur predominantly in young adults between the ages
of 18 and 35, and affected women roughly seven times more often then men. Dur-
ing this period, MC was estimated to account for 0.25% to 3.5% of admissions to
psychiatric hospitals and was noted to develop with equal frequency throughout the
seasons. Stauder (10), and others, reported findings consistent with a familial pat-
tern of occurrence.

Kraepelin (14) was among a number of German authors of this period who con-
sidered MC a clinical syndrome, composed of characteristic symptoms and course
but lacking a specific etiology. He believed that MC could occur as an outgrowth of
diverse neurologic or medical conditions as well as in association with the major
psychoses. In contrast, most early French authors viewed MC as an unusual but
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deadly form of encephalitis preferentially involving the hypothalamus (15). Fol-
lowing Stauder’s (10) publication, however, MC was increasing, seen as confined
to the major psychoses, although Stauder himself never fully dismissed the possi-
bility that some or all of his patients may have had encephalitis. Most German and
American authors emphasized lack of autopsy findings that could account for death,
with the central nervous system abnormalities reported by the French either uncon-
firmed or deemed trivial. Bronchopneumonia and other infections were considered
“opportunistic,” occurring in an already exhausted and compromised host.

MODERN CLINICAL PRESENTATIONS
In 1986, we identified a series of 292 MC cases reported between 1960 and 1985

(4). Two hundred and sixty-five cases came from 20 reports representative of more
than 50 publications from Europe and Asia. The remaining 27 cases came from just
12 articles found in an exhaustive search of the North American literature. Most
patients had received antipsychotic drug treatment. Since then, we have identified
77 additional cases reported in the world literature between 1986 and 2003, thus
extending our series to 369 total cases (4–9). Although MC remains more frequently
mentioned in the foreign literature, the disparity in these most recent 77 cases ap-
pears somewhat reduced, suggesting improved recognition of this disorder in North
America.

Among 322 cases in which gender was specified, 212 (66%) were female. The
mean age of occurrence was 33, compared with age 25 during the pre-antipsychotic
drug era. Of considerable interest, mortality, which exceeded 75% during the pre-
antipsychotic drug era, and remained at 60% between 1960 and 1985 (4), has fallen
to 9% in the 77 cases reported since 1986 (8,9). This recent decline is striking and
presumably reflects enhanced awareness of MC, early diagnosis, and the rapid in-
stitution of appropriate treatment. Nevertheless, MC continues to represent a po-
tentially lethal disorder. Among cases reported since 1960, MC was estimated to
occur in 0.07% of psychiatric admissions (16) or annually in 0.0004% of commu-
nity adults (17).

Table 1 summarizes the clinical features of MC. Along with catatonic stupor and
hyperactivity, they include hyperthermia, altered consciousness, and autonomic
instability manifested by diaphoresis, tachycardia, labile or elevated blood pres-
sure, and varying degrees of cyanosis. Catatonic signs aside from stupor and ex-
citement are not uncommon. One large series (18) identified 62 patients with
psychogenic MC and reported that each exhibited at least three catatonic features.
In our 77 most recent cases, muscle rigidity was present in 27 of 34 (79%) cases in
which muscle tone was characterized (Table 1).

Among the 77 recent MC cases, creatine phosphokinase (CPK) was elevated in
24 of 25 patients (96%) in whom it was tested. In this most recent series, leukocy-
tosis was reported in 17 of 24 patients (71%) and serum transaminases were el-
evated in 10 of 20 patients (50%). Serum iron levels were obtained in only seven
patients, but were decreased in all seven. Less consistent findings among the 77
recent cases included nonfocal generalized slowing on electroencephalography,
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mild hyperglycemia, elevated serum creatinine, hyponatremia, hypernatremia, and
dehydration. Philbrick and Rummans (1) found that three of five MC cases treated
at their facility had evidence of frontal atrophy on computed tomography (CT) scans
of the head. Furthermore, one patient with a normal head CT had decreased frontal
perfusion on posttreatment single photon-emission computed tomography imag-
ing. In 49 (13%) of the 369 contemporary cases, a preexisting illness was believed
to have initiated the full syndromal picture of MC (8). Reports of infectious causes
predominated, including 19 cases of acute or postinfectious viral encephalitis; single
cases of Borrelia encephalitis, general paresis, bacterial meningoencephalitis, viral
hepatitis; bacterial septicemia that evolved from five cases of endometritis, and
from single cases each of pyelonephritis, tuberculosis of the large intestine, aortitits,
cholangitis, endocarditis, and gingival abscess (4,8). In two cases of septic origin,
the original focus of infection was not indicated (4,8). Cerebrovascular thrombosis
accounted for two cases, and MC developed in the context of normal-pressure hy-
drocephalus in another (4,8). Reports of metabolic disorders causing MC included
hyperthyroidism (two cases), and single cases of uremia, systemic lupus erythema-
tosus, and cerebral anoxia (4,8). Reports of toxic causes included single cases re-
sulting from tetraethyl lead poisoning, sedative-hypnotic withdrawal, renal
transplantation, toxic epidermal necrolysis, and therapeutic ingestion or overdose
of cyclobenzaprine (4,8).

Table 1
Clinical Features of Malignant Catatonia

• Signs and symptoms
Hyperthermia
Catatonic excitement and/or stupor
Other catatonic features (e.g., mutism, negativism, catalepsy, posturing, echolalia,

echopraxia, staring)
Muscular rigidity (variable)
Altered consciousness
Autonomic instability

Profuse diaphoresis
Tachycardia
Labile or elevated blood pressure
Tachypnea, cyanosis (variable)

• Positive laboratory findings
Most consistent—creatine phosphokinase elevation, leukcocytosis, low serum iron

levels
Less consistent—elevated serum transaminases, generalized slowing on electroen

cephalogram, hyperglycemia, elevated serum creatinine, hyponatremia,
hypernatremia, dehydration, frontal atrophy on computed tomography or mag-
netic resonance imaging, decreased frontal perfusion on single photon-emission
computed tomography
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Of the 369 cases, 320 (87%) were considered the outgrowth of a major psychotic
disorder, diagnosed as schizophrenia in 126 cases, mania in 13 cases, major depres-
sion in 22 cases, psychotic disorder not otherwise specified in 22 cases, and “peri-
odic catatonia” in 10 cases. Among these 320 MC cases arising from the major
psychoses, 163 (51%) ended in death and 99 went to autopsy (7,8). Seventy-nine of
the 99 proved autopsy negative. In the remaining 20 cases, however, death could be
attributed to specific consequences of catatonic immobility, such as deep venous
thrombosis with pulmonary embolism. These cases of simple (benign) catatonia
rendered fatal by severe intercurrent medical complications were differentiated
from “genuine” psychogenic MC.

THE MALIGNANT CATATONIA SYNDROME

Our review of the modern world literature supports Kraepelin’s belief that MC
represents a syndrome rather than a specific disease, and that it may occur in asso-
ciation with diverse neurologic, medical, drug-induced, and psychiatric illnesses.
Other causes of MC not found in the 369 cases but mentioned by recent reviewers
include Addison’s disease, Cushing’s disease, brain tumors, seizure disorders, and
traumatic brain injuries (4,8). Furthermore, clinical pictures like that of MC, al-
though not identified as such, are described elsewhere in the medical literature (4,8).
Although lesions of diencephalic and limbic structures are frequently reported, a
wide array of additional toxic, metabolic, and generalized infectious causes are
also mentioned. Table 2 summarizes known causes of the MC syndrome.

Consistent with a conceptualization of MC as a nonspecific syndrome, it is ap-
propriate to consider its relationship to NMS. Among the 369 contemporary MC
cases, the “classic” excited form (patient 1) involving extreme hyperactivity and
progressive hyperthermia prior to the onset of stupor has continued to predominate,
accounting for 67% of reported cases. Still, this represents a decrease from the pre-
antipsychotic drug era when 90% of cases presented with excitement. Thirty-three
percent of cases exhibited a primarily stuporous course (patient 2), up from 10%
during the pre-antipsychotic drug era. Furthermore, a selective analysis of the 77
MC cases reported since 1986 indicates that this trend has continued, with 57%
exhibiting excitement and 43% now presenting as stupor (8,9). In many of these
cases involving a primarily stuporous course, stupor and hyperthermia developed
only after the initiation of antipsychotic drug treatment, giving rise to questions
concerning the demarcation of MC from NMS.

On casual inspection, those psychogenic MC cases occurring during antipsy-
chotic drug treatment in which stupor is preceded by a classic stage of extreme
motoric excitement seem to resemble NMS, because NMS is often preceded by
hyperactivity (8,9,12). However, the hyperactivity observed in NMS prior to the
onset of stupor is unassociated with the dramatically progressive temperature el-
evations characteristic of the excited stage of “classic” MC. Rather, in NMS, hy-
perthermia usually emerges with the onset of stupor and rigidity. Thus, “classic”
MC that presents with initial excitement may be distinguishable from NMS on the
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Table 2
Disorders Associated With Malignant Catatonia Syndrome

• Psychiatric disorders
Schizophrenia
Mood disorders
Periodic catatonia
Psychotic disorder not otherwise specified

• Cerebrovascular disorders
Basilar artery thrombosis
Bilateral hemorrhagic infarction of the anterior cingulate gyri
Bilateral hemorrhagic lesions of temporal lobes

• Other central nervous system causes
Normal-pressure hydrocephalus
Seizure disorders

Autonomic (diencephalic) epilepsy
Petit mal status

Cerebral anoxia
• Tumors

Periventricular diffuse pinealoma
Glioma of the third ventricle
Glioma involving the splenium of the corpus callosum
Angioma of the midbrain

• Head trauma
Closed head trauma
Surgical removal of lesions near the hypothalamus

• Infections
Viral encephalitis—acute or postinfectious
Borrelia encephalitis
Bacterial meningoencephalitis
General paresis
Viral hepatitis
Bacterial septicemia

• Metabolic disorders
Hyperthyroidism
Addison’s disease
Cushing’s disease
Uremia
Wernicke’s encephalopathy
Systemic lupus erythematosus

• Toxic disorders
Postoperative states
Sedative-hypnotic withdrawal
Tetraethyl lead poisoning
Cyclobenzaprine toxicity
Toxic epidermal necrolysis
Neuroleptic malignant syndrome

Copyright 2003, American Psychiatric Publishing Inc. Reprinted from ref. 8 with permission.
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basis of a well-documented history of extreme hyperthermia present in the excited
phase.

However, we were able to identify 76 patients (21%) from the series of 369 MC
cases whose clinical phenomenology appeared equally consistent with a diagnosis
of NMS. These were patients who developed a hyperthermic catatonic stupor dur-
ing antipsychotic drug treatment, and who, if initially excited, had been free of
significant hyperthermia during that excited phase. Thus, 21% of the contemporary
MC cases did, in fact, appear clinically indistinguishable from NMS. Viewing MC
as a syndrome that may occur as an outgrowth of both the major psychoses and
diverse conditions, we have suggested that NMS represents an antipsychotic drug-
induced toxic or iatrogenic form of MC. Accordingly, the emergence of NMS as an
antipsychotic drug-induced subtype of MC could help explain the increased fre-
quency of primarily stuporous MC cases reported in the contemporary literature.

The recognition that MC is a well-defined neuropsychiatric syndrome that oc-
curs in association with both medical and psychiatric disorders has significant clini-
cal implications. The worldwide prevalence of MC has probably declined in recent
years; the effects of modern psychopharmacological agents and other advances in
medical care have likely altered the course of underlying disorders associated with
the syndrome, thereby reducing the frequency with which these disorders progress
to MC. However, it appears likely that lack of familiarity with MC resulting from
barriers of time, language, culture, and diagnostic systems has contributed to the
relatively rare mention in the contemporary North American literature. MC involves
a dramatic admixture of medical and behavioral manifestations, and unless clini-
cians are armed with an appreciation of MC as a syndrome with diverse etiologies,
patients are likely to be labeled “psychiatric” or “medical” largely on the basis of
the treating physician’s orientation.

Clearly, it is difficult for clinicians to accept that high fever and confusion may
occur as a direct outgrowth of a psychiatric condition. Hafner and Kafner (17) con-
cluded that even in Germany, where MC appears better recognized, neurologists
and internists rather than psychiatrists now more commonly care for patients who
previously would have been diagnosed with MC. These patients are likely to re-
ceive diagnoses such as “nonspecific organic encephalopathy with fever.” Con-
versely, reports resembling those on viral encephalitis “imitating” catatonic
schizophrenia indicate that failure to recognize MC may result in a narrow focusing
on behavioral manifestations, with neglect of ominous physical signs (20). Once
developed, MC, independent of etiology, assumes an autonomous and frequently
fatal course. Only with prompt recognition of this distinctive syndrome can the
proper diagnostic evaluation and treatment be initiated.

PATHOPHYSIOLOGY

A consideration of the pathogenesis of MC with a particular focus on the dopam-
ine system further supports a view of NMS as a subtype of this disorder. A number
of authors have posited a key role for dopaminergic hypoactivity in triggering MC
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(1,4,8,9,20,21). Furthermore, there is compelling clinical evidence implicating an-
tipsychotic drug-induced dopamine receptor blockade in the pathogenesis of NMS
(8,22,23). Recently, Fricchione (20,21) along with our group (8,9) has proposed
that the onset of MC coincides with a reduction in dopaminergic activity within the
frontal subcortical circuits. As elucidated by Alexander (24,25), these circuits rep-
resent one of the brain’s principal organizational networks underlying brain–be-
havior relationships. Five circuits connecting the basal ganglia with their associated
areas in the cortex and thalamus have been identified and are named according to
their cortical site of origin (Fig. 1). They include the “motor circuit,” the “oculomo-
tor circuit,” the “ dorsolateral prefrontal circuit,” the “lateral orbitofrontal circuit,”
and the “anterior cingulate circuit.” Each circuit involves the same member struc-
tures, including an origin in a specific area of the frontal cortex; projections to the
striatum (putamen, caudate, and ventral striatum); connections to the globus
pallidus interna and the substantia nigra pars reticulata; which, in turn, project to
specific thalamic nuclei; and a final link back to the frontal area from which they
originated, thus creating a feedback loop.

Dopamine is in a key position to influence activity in each of these circuits.
Mesocortical dopaminergic pathways project directly to circuit areas of origin in
the motor area, frontal eye fields, and the prefrontal cortex. Additionally, dopamine
modulates each circuit through its projections to the striatum (26). The motor, the
anterior cingulate, and the lateral orbitofrontal circuits represent the most likely
candidates for involvement in the pathogenesis of MC and NMS.

Specifically, the onset of hypodopaminergia in the motor circuit may account
for muscular rigidity (8,9,23). In addition, hypodopaminergia developing in the
anterior cingulate circuit could participate in causing diminished responsiveness,
akinesia, mutism, and contribute to hyperthermia and autonomic dysfunction. Bi-
lateral lesions of the anterior cingulate have been associated with akinetic mutism,
a profound amotivational state in which patients remain akinetic, mute, and mini-
mally responsive to environmental stimuli (26). Akinetic mutism has been mis-
taken for simple psychogenic catatonia. Furthermore, certain cases of akinetic
mutism have presented with hyperthermia and autonomic dysfunction, making them
difficult to distinguish from MC (8,9,22,23). In this regard, it is of considerable
interest that the anterior cingulate subcortical circuit contains a spur, which projects
from the ventral pallidum to the lateral hypothalamus (27). This suggests that re-
duced dopaminergic activity could cause hyperthermia and autonomic dysfunction
in MC through disruption of anterior cingulate circuit transmission to the lateral
hypothalamus.

Finally, hypodopaminergia involving the lateral orbitofrontal subcortical circuit
may mediate selected catatonic features observed in MC. Dysfunction in the lateral
orbitofrontal region has been associated with utilization and imitation behaviors
(26). These behaviors involve automatic imitation of the gestures and actions of
others or inappropriate use of objects such as tools or utensils. Utilization and imi-
tation behaviors reflect enslavement to environmental cues (26) and share striking
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clinical similarities with catatonic features such as echopraxia, echolalia, and
gegenhalten, all of which are viewed as stimulus-bound or motor perseverative
phenomena consistent with frontal lobe dysfunction (28). Utilization and imitation
behaviors may also occur in association with dorsolateral prefrontal circuit dys-
function.

Recently, we have proposed that in addition to dopamine-2 receptor blockade,
NMS is the product of preexisting central dopaminergic hypoactivity that repre-
sents a trait vulnerability marker for this disorder, coupled with state-related down-
ward adjustments in the dopamine system occurring in response to acute or repeated
exposure to stress (8,23). Here, we suggest that such state and trait-related factors
might also be critical in causing hypodopaminergia in the frontal subcortical cir-
cuits in MC. A number of lines of evidence indicate that certain individuals may
exhibit baseline hypodopaminergia, including reduced homovanillic acid (HVA)
levels in post-NMS patients; reduced striatal HVA levels or lack of elevated HVA
to dopamine ratios in patients who died from MC or NMS; lower cerebrospinal
fluid HVA levels and more severe baseline parkinsonian symptoms in patients with
Parkinson’s disease following recovery from NMS; and reports of abnormalities in
the dopamine-2 receptor gene in NMS (8,23).

Furthermore, the enhanced responsiveness of the dopamine system to stress may
be implicated as a state-related co-factor predisposing to MC. In particular, the
dopaminergic innervation of the medial prefrontal cortex in the rat is unique in that
very mild stressors, such as limited foot shock or conditioned fear, activate it (29).
In addition, there is considerable data indicating a functional interdependence of
dopamine systems innervating the medial prefrontal cortex and subcortical dopam-
ine systems; changes in the medial prefrontal cortex dopamine system appear to
have an inverse relationship with dopamine turnover in the dorsal and ventral stria-
tum (30). Accordingly, if stress activates the stress-sensitive mesocortical dopam-
inergic pathway to the medial prefrontal cortex, it could have direct feedback effects
in the dorsal and ventral striatum, rendering these areas hypodopaminergic and pre-
disposing to MC in individuals with preexisting central dopaminergic hypoactivity.

EVALUATION AND TREATMENT

Familiarity with the distinctive clinical features and varied etiologies of MC is
essential for effective management of this potentially fatal condition. In both clini-
cal vignettes, it was critical to exclude medical or drug-induced causes of MC be-
fore assigning a psychiatric etiology. The diagnostic evaluation should include a
complete personal and family psychiatric history; a medical history; a drug use
history with specific reference to antipsychotics and drugs of abuse; a complete
physical examination with particular attention to neurological findings; and a com-
prehensive laboratory evaluation including a complete blood count, assessment of
electrolyte levels, blood, urine, and sputum cultures for bacteria and fungi, viral
studies, a urinalysis, a Venereal Disease Research Laboratory slide test, assessment
of serum calcium, phosphorous, serum iron, and serum CPK levels, thyroid and
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adrenocortical studies, an electroencephalogram, and a CT or magnetic resonance
image of the head. Although “Amytal interviews” may be helpful in differentiating
benign psychogenic catatonias from those with a medical basis, there is no avail-
able data concerning the value of this procedure in evaluating MC. The potential
for severe autonomic symptoms and high rate of medical complications dictate early
institution of intensive medical care focusing on fluid replacement, temperature
reduction, and support of cardiac, respiratory, and renal functions. Careful moni-
toring for complications, particularly aspiration pneumonia, thromboembolism, and
renal failure, is essential.

Many clinicians, not recognizing the syndrome they are witnessing, are apt to
treat the patient’s unusual symptoms with antipsychotic drugs. However, the bulk
of evidence indicates that the dopamine receptor blocking effects of antipsychotics
are likely to aggravate MC episodes, as in NMS where continuation of antipsy-
chotic drug treatment clearly increases the likelihood of death. Antipsychotics
should be withheld whenever MC is suspected.

Benzodiazepines have been highly effective in the treatment of simple (benign)
catatonia, including antipsychotic drug-induced catatonia (21,22). Philbrick and
Rummans (1) observed that the benefits of benzodiazepines in MC appeared less
uniform than in simple catatonia, but were nonetheless impressive at times. They
asserted that even a partial response might be beneficial and retard the progression
of MC until more definitive treatment can be initiated. Fricchione (21,22) suggested
that if simple catatonia proves unresponsive to benzodiazepines after five days of
treatment, electroconvulsive therapy (ECT) should be considered as a definitive
measure. In MC, however, these researchers argued against a 5-day wait and urged
that ECT be started if benzodiazepines do not briskly reverse the MC process. Such
was the case in patient 2 where 2 days of intravenous lorazepam therapy was with-
out benefit. Lack of response led to early initiation of ECT followed by dramatic
resolution of MC.

Indeed, ECT has been viewed as a safe and effective treatment for MC when it
occurs as an outgrowth of a major psychotic disorder (4,5,8,9). Although controlled
studies are lacking, case reports as well as series of consecutive cases indicate ex-
cellent results with its use. Among 50 patients reported in four large series (4), 40
of 41 patients treated with ECT survived. In contrast, only 5 of 9 who received only
antipsychotics and supportive care recovered. Similarly, in Philbrick and Rummans’
(1) review of 18 MC cases, 11 of 13 treated with ECT survived, compared with
only 1 of 5 who did not receive ECT.

ECT appears effective, however, only if initiated before severe progression of
MC symptoms. Sedvic (31) reported that the onset of coma or a temperature in
excess of 41°C predicts a poor response even to ECT. Arnold and Stepan (12) found
that in 19 patients starting ECT within 5 days of the onset of hyperthermia, 16
survived, whereas in 14 patients who began treatment beyond this 5-day point,
ECT had no effect in preventing a fatal outcome. Although earlier protocols called
for particularly intensive treatment (12), recent trials have indicated that ECT can
be efficacious when given (usually bilaterally) once or twice daily or every other
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day for a total of 5 to 15 treatments (4,5). Substantial improvement often becomes
evident after one to four treatments. There can be little doubt that prompt initiation
of ECT represented a life-saving intervention in both of our clinical vignettes.

Other data, also anecdotal, suggests that MC resulting from the major psychoses
can be effectively treated with adrenocorticotropic hormone (ACTH) and corticos-
teroids (4,8,9). However, because severely ill patients have tolerated ECT without
incident, and because the utility of hormonal therapy is less well documented, ECT
appears to be the preferred treatment. ACTH and corticosteroids may be used if
ECT proves ineffective. A few patients have been treated successfully with artifi-
cial hibernation (4,8). Although this procedure is fraught with hazards, it may have
a place in cases of MC that do not respond to ECT or hormonal treatment.

Several investigators have suggested that ECT in combination with dantrolene,
a drug that inhibits contraction and heat production in muscle, represents the opti-
mal treatment for MC (8,9). Additional cases have involved successful treatment
with dantrolene alone; bromocriptine, dantrolene, and ECT; bromocriptine and ben-
zodiazepines; and dantrolene and bromocriptine (8,9).

In MC occurring as an outgrowth of a medical illness, treatment must first be
corrected at the underlying disorder. Nevertheless, anecdotal reports have described
ECT as dramatically effective and at times life saving in suppressing the symptoms
of MC-like states complicating a diversity of medical conditions (4,5,8,9). In such
cases, the efficacy of ECT appears largely independent of the underlying illness,
and improvement is likely to be transient if the medical condition persists. If, how-
ever, the underlying disorder either remits or is corrected, permanent recovery may
be possible. Consistent with the above discussion, ECT has used effectively in the
treatment of NMS.

CONCLUSION

MC represents a life-threatening neuropsychiatric disorder described long be-
fore the introduction of antipsychotic drugs. A review of the world literature on
MC indicates that although the incidence of the condition may have declined since
the pre-antipsychotic drug era, it continues to occur and is now reported more fre-
quently in foreign publications. Lack of recognition probably accounts for the rela-
tive paucity of contemporary North American reports of the disorder. Failure to
recognize MC has significant clinical implications because once developed this
condition assumes an autonomous and potentially fatal course.

Furthermore, MC is a syndrome rather than a specific disease entity. Although
most often presenting as an outgrowth of the major psychoses, MC may occur in
association with diverse medical conditions. From this perspective, NMS may be
conceptualized as a drug-induced form of MC. The hypothesis that MC and NMS
share a common pathophysiology involving reduced dopaminergic functioning in
the frontal–subcortical circuits provides additional support for a view of NMS as a
subtype of MC. ECT appears to be the preferred treatment for MC stemming from
a major psychotic disorder and also may be effective in cases occurring as an out-
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growth of a medical illness. However, it is imperative in the latter cases to identify
and correct the underlying disorder. Antipsychotic drugs should be withheld when-
ever MC is suspected.
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Abductor Paresis in Shy-Drager Disease

Eiji Isozaki

PATIENT VIGNETTES
Patient 1: A 55-year-old woman was admitted to our hospital because of progres-

sive parkinsonism. She was diagnosed with striatonigral degeneration. Because of
nocturnal snoring, a fiberoptic laryngoscopy was performed during wakefulness,
showing a mild abduction restriction of the vocal cords. Arterial blood gas analysis
was normal. Over the next year, she developed inspiratory stridor during wakeful-
ness, especially while talking. A second fiberoptic laryngoscopy during wakefulness
showed a narrower glottic aperture as compared with the previous examination. Arte-
rial blood gas analysis showed only mild hypoxemia: pH = 7.44, pCO2 = 43 Torr,
PO2 = 72 Torr. At this point, she had no dyspnea and could still speak and eat. Only
3 weeks after admission, she was found in a cardiopulmonary arrest in her bed at 8
PM, only 15 minutes after she was heard snoring as usual.

A diagnosis of multiple system atrophy (MSA) was confirmed on postmortem
neuropathological examination. The posterior cricoarytenoid muscle—the laryngeal
abductor—showed severe neurogenic atrophy. Neither pneumonia nor intratracheal
secretions were present to explain her sudden death.

Patient 2: A 74-year-old man, who was diagnosed with MSA 9 years before, was
readmitted to our hospital in 1999 because of pneumonia. A fiberoptic laryngoscopy
showed no laryngeal abnormalities during wakefulness and diazepam-induced sleep
(stage 0). In February 2000, he developed nocturnal snoring. On fiberoptic laryngos-
copy, moderately severe vocal cord abductor paresis (VCAP) with abduction restric-
tion during wakefulness and paradoxical movement during sleep was seen (stage 2).
The posterior glottis could not be observed well. On an overnight recording of percu-
taneous arterial blood oxygen saturation (SpO2), no desaturation less than 90% was
demonstrated. Arterial blood gas analysis on room air was normal. He was discharged
on August 14, 2000, when he was still able to eat, and his nocturnal snoring was not
so loud as to disturb other patients in the same room. Only 1 week later, he was
readmitted to our hospital because of increasing snoring. Arterial blood gas analysis
on oxygen inhalation with 2 l/m when awake showed pH = 7.39, pCO2 = 51 Torr, and
pO2 = 88 Torr. On physical findings, his suprasternal recess became hollow during
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every inspiration. On August 23, 2000, a fiberoptic laryngoscopy during wakefulness
demonstrated severe VCAP with slit-like aperture of the glottis (stage 3), requiring
emergency intratracheal intubation. After tracheostomy was performed 10 days later,
he could speak with a speech valve. Arterial blood gas analysis on room air became
normal: pH = 7.46. pCO2 = 45 Torr, pO2 = 82 Torr. No oxygen desaturation less than
90% of SpO2 was demonstrated on an overnight recording.

INTRODUCTION

In 1976, Holinger analyzed 389 patients with vocal cord abductor paresis
(VCAP) in various diseases including poliomyelitis, Parkinson’s disease (PD), cere-
brovascular accidents, Guillain-Barré syndrome, and multiple sclerosis (1). Spinoc-
erebellar degeneration was not included in his list, and the concept of multiple
system atrophy (MSA) was not established at that time. Investigators reported that
patients with MSA, including olivopontocerebellar atrophy, striatonigral degenera-
tion, and Shy-Drager syndrome, developed laryngeal complications such as
velopharyngolaryngeal paralysis (2), upper airway obstruction (3), and vocal cord
palsy (4). In 1981, Bannister reported three necropsied MSA cases in which the
posterior cricoarytenoid muscles showed neurogenic atrophy, whereas the nucleus
ambiguus, innervating the abductor muscle, demonstrated no neuronal loss (5).
Selective neurogenic atrophy of the abductor muscle, among all the intrinsic laryn-
geal muscles, has been confirmed histologically (2,5,6) and electromyographically
(7) in MSA. The myelinated nerve fibers of the recurrent laryngeal nerve (which
innervates all the intrinsic laryngeal muscles) are decreased in number (8). How-
ever, it is controversial whether the nucleus ambiguus is involved (2,6) or not (5,9).
Electromyographical studies support laryngeal dystonia (10,11) or dyskinesia (12)
as possible mechanisms of VCAP.

MECHANISM

Although the pathophysiology of VCAP in MSA has not been fully clarified, we
propose the following hypothesis (Fig. 1): neurogenic atrophy of the posterior cri-
coarytenoid muscle, the sole abductor of the vocal cords, is caused by neuronal loss
in the nucleus ambiguus. In addition to weakening of the abductor, initiation of
abduction becomes delayed. During normal inspiration, the laryngeal abductor
muscles contract first, and then the diaphragm contracts to avoid upper airway col-
lapse. However, in patients with MSA and VCAP, inspiratory negative pressure
caused by diaphragm contraction occurs concurrent with or even before full open-
ing of the vocal glottis, because of the delay in abductors. This results in laryngeal
collapse (13). Paradoxical movement of the vocal cords occurs, with inspiratory
adduction and expiratory abduction (14). Sleep enhances VCAP because it increases
upper airway resistance (15). In the early stage of VCAP, the stenotic breathing
from obstruction in the upper airway is recognized as a snoring only during sleep.
Then, in the advanced stage, audible daytime inspiratory stridor occurs, often on
talking. This daytime inspiratory stridor can be misdiagnosed as pseudo-steroid
resistant asthma (16).
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Fig. 1. Mechanism of vocal cord abductor paralysis (VCAP) in multiple system atrophy.
VCAP is caused by multifactorial mechanisms including paralytic processes, nonparalytic
processes, and enhancing factors.

In addition to abductor denervation, degenerative changes of the pyramidal and
the extrapyramidal tracts in MSA contribute to increased laryngeal muscle tone.
Inspiratory phasic activity of the thyroarytenoid muscle, one of the vocal cord ad-
ductors, may also participate in the development of VCAP (17,18). Aspiration, if
present, may stimulate the laryngeal mucosa intermittently, resulting in laryngeal
reflective narrowing as a defensive response. This reflex may be exaggerated by
pseudobulbar palsy as a result of pyramidal tract involvements, resulting in pro-
longed laryngospasm. A nonparalytic mechanism with the increased adductor tone
resembles VCAP in PD, in which no morphological abnormalities are found in the
abductor (19). Thus, VCAP in MSA is multifactorial, including paralytic and
nonparalytic mechanisms.

EVALUATION AND TREATMENT

VCAP can appear at any time in the course of MSA, even as an initial (20) or an
isolated (21) symptom. From our study of 23 cases of MSA with VCAP, VCAP
tended to appear around the time when urinary incontinence was noticed (22).

Symptoms suggestive of VCAP include loud nocturnal snoring, daytime in-
spiratory stridor, and inspiratory hollow at the suprasternal recess. On auscultation,
snoring and daytime inspiratory stridor are louder in the neck than the chest. Snor-
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ing is loud and high-pitched with some limpidity (13,21), often described as metal-
lic, croup-like, or “donkey-braying” in quality (5). Although respiration during
sleep is often tachypneic in MSA patients presenting with VCAP (17), apnea or
hypopnea may also occur. Loud snoring may be the sole symptom both in patients
with VCAP and sleep apnea; however, these conditions are quite different in etiol-
ogy, and should be distinguished as shown in Table 1.

A definite diagnosis of VCAP is made by fiberoptic laryngoscopy performed
during both wakefulness and sleep. We classified the severity of VCAP into four
stages from stage 0 (normal) to stage 3 (severe VCAP), according to the mobility of
the vocal cords (Table 2) (14). VCAP in MSA is characterized by paradoxical move-
ment of the vocal cords and sleep-induced exacerbation (Fig. 2). The vocal glottis
consists of two parts: the anterior glottis, mainly involved with voicing, and the
posterior glottis, which is involved with respiration. The patency of the posterior
glottis determines the severity of VCAP. Therefore, we further divided stages 1 and
2 into two types according to the patency, or shape of the posterior glottis (24).
Triangular shape with some airway space (a), and slit-like shape with marked respi-
ratory difficulties (b), are shown in Fig. 3. Needless to say, type b (stages 1b and
2b) is more serious than type a (stages 1a and 2a). In some cases, stage 1b is more
serious than stage 2a.

Figure 4 shows a flow-chart for the diagnosis and evaluation of VCAP. In prac-
tice, when patients with MSA develop nocturnal snoring, a fiberoptic laryngoscopy
is performed during both wakefulness, and sleep induced by intravenous adminis-
tration of diazepam, in order to identify the source of the snoring. If the larynx is
the culprit, stage classification of VCAP is determined according to the vocal cord
movements shown in Table 2. In cases of stage 3 (and often severe stage 2b) VCAP,
an emergency tracheostomy is indicated. In less severe stages, including stages 1a,
2a, 1b, and mild 2b, an overnight recording of blood oxygen saturation (SpO2) is
performed. This examination gives the value of “%90,” the percentage of time spent
at less than 90% of SpO2. If the value of %90 is less than 20%, follow-up studies
with fiberoptic laryngoscopy or overnight recording of SpO2 are repeated. How-
ever, if it is more than 20%, a tracheostomy is often needed. Thus, a tracheostomy
is proposed when severity of VCAP approaches stage 2b (or sometimes stage 1b)
and when the value of %90 reaches 20%. After sleep laryngoscopic examination,
we routinely administer flumazenil to awaken the patient fully. Otherwise, the pa-
tient may fall sleep again, resulting in an unexpected exacerbation of VCAP.

There have been only a few reports on the acoustic analysis of nocturnal snoring
(13,23,25). Our previous study with a sound analyzer (Computerized Speech Lab,
Model 4300, Kay Elemetrics Corp.) showed that the narrower the glottic aperture
became, the higher the fundamental frequency of the vocal cord oscillation and the
lower the voice turbulence index. Voice turbulence index is an acoustic parameter
that shows the relative energy level of high-frequency noise. This index is thought
to correlate with the turbulence caused by incomplete or loose adduction of the
vocal cords.
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Table 1
Difference Between Vocal Cord Abductor Paralysis and Sleep Apnea Syndrome

Vocal cord abductor Sleep apnea syndrome

1. Snoring
Sound source Larynx (vocal cord) Pharynx (tongue base, etc.)
Fundamental frequency Higher (200–500 Hz) Lower (100–300 Hz)
Body position change Almost noneffective Usually effective
Nasal airway tube Noneffective Usually effective
Daytime inspiratory stridor Existent Nonexistent

2. Sleep apnea Existent, but often tachypneic Always present
3. Relationship with REM sleep Poorer Closer

REM, rapid eye movement.

Table 2
Stage Classification of Vocal Cord Abductor Paralysis on a Fiberoptic Laryngoscopy

Stage Awake Asleep Posterior
glottal shape during sleepa

0 (normal) normal unchanged
1 (mild) normal paradoxical 1a: triangular, 1b: slit-like
2 (moderately) abduction restriction paradoxical 2a: triangular, 2b: slit-like
3 (severe) midline fixation midline fixation

aPosterior vocal glottis is still patent with a triangular shape (a) and almost closed with a slit-
like shape (b).

VCAP usually takes two different courses: slowly progressive and rapidly pro-
gressive. In the former, VCAP worsens gradually over 1 to 3 years as a result of
paralytic denervation of the abductor. Repeated measurements of the value of %90
may be useful in evaluating a gradual progression of oxygen desaturation. In the
rapidly progressive type, an emergency tracheostomy or a tracheal intubation is
often needed, even if the patient is already known to have VCAP. This type seems
to be caused by nonparalytic mechanisms, based on increased laryngeal muscle
tone. In rapid exacerbations, however, one should also consider mechanical ob-
struction by secretions in the upper airway, and severity of SpO2 related to sleep
depth in an overnight recording may be underestimated. If sleep depth is insuffi-
cient, VCAP may not be induced fully, resulting in seemingly “higher” SpO2 val-
ues than actual values. Often a rapid exacerbation appears after a slowly progressive
course.

Tracheostomy is believed to be the most reliable, yet most invasive, procedure
for VCAP. Other therapeutic options include arytenoidectomy, cord lateralization,
cordectomy (26), and botulinum toxin injection to the adductors (27). Among these,
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Fig. 2. Sleep-induced paradoxical movement of the vocal cords in multiple system atro-
phy (MSA). Vocal cord movement is almost not changed between wakefulness and sleep in
normal subject. In patients with MSA, vocal cords show some abduction restriction during
wakefulness, and adduct strongly with a slit-like glottis during sleep. Each fiberscopic pho-
tograph shows the inspiratory position of the vocal cords.

Fig. 3. Posterior glottis in the different two multiple system atrophy patients with vocal
cord abductor paralysis. The posterior glottis is still patent, indicating type a (left), while
almost closed with a slit-like aperture, indicating type b (right).
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Fig. 4. A flow-chart for diagnosis and evaluation of vocal cord abductor paralysis
(VCAP). A fiberoptic laryngoscopy is performed during wakefulness and sleep to identify
the obstructive site causing snoring, and to classify the severity of VCAP. Application of a
tracheostomy is determined by both findings of laryngoscopy and overnight recordings of
SpO2.

only the first two have been attempted in patients with MSA (28,29). Recently, an
airway splint with nasal continuous positive airway pressure (CPAP) was used with
some efficacy (30,31). Although noninvasive and simple, the following problems
have been reported: hypopharyngeal airway obstruction by a large and lax epiglot-
tis in a patient with obstructive sleep apnea (32), CPAP-induced laryngospasm in
the experimental study using dogs (33), and sudden death after bilevel positive
airway pressure in a patient with primary pulmonary hypertension with central sleep
apnea (34). We have also seen an MSA patient with VCAP in whom CPAP elimi-
nated paradoxical vocal cord movements.

The most difficult decision after making a diagnosis of VCAP is when therapeu-
tic procedures, such as a tracheostomy, should be performed. There are no gener-
ally acceptable guidelines on the appropriate time to intervene with
tracheostomy—too early, and patient’s quality of life suffers; too late, and the pa-
tient may suffer sudden death. Patients 1 and 2 illustrate the difficult nature of this
decision. Patient 1 could still eat and speak when the second fiberoptic laryngos-
copy revealed an exacerbation of VCAP. Her arterial blood gas analysis on room
air showed only mild hypoxemia. In this situation, can tracheostomy be recom-
mended with confidence? Her sudden death only 3 weeks after admission without
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definite cause indicates that she probably succumbed to the advanced VCAP. Ret-
rospectively, a tracheostomy should have been performed after the second fiberoptic
laryngoscopy, as the rapid exacerbation of VCAP may have been related to the
abnormally increased laryngeal muscle tone in addition to paresis of the abductor.
Daytime inspiratory stridor is an ominous sign in advanced VCAP. A similar case
has been reported (35). Considering that her laryngeal complications were limited
to respiration, an airway splint with nasal CPAP equipment may have been a rea-
sonable option.

In patient 2, the rapid progression of VCAP resembled that in patient 1. In Feb-
ruary 2000, an overnight recording of SpO2 was normal, although a fiberoptic laryn-
goscopy showed moderately severe VCAP (stage 2). What should have been done
for such discrepant results? In retrospect, a repeat sleep laryngoscopy and over-
night recording of SpO2 would have been useful. Because the posterior glottis,
which is important for airway integrity, is often difficult to observe fiberscopically,
its patency should have been checked carefully. Another noteworthy point is to
keep the influence of sleep depth on SpO2 in mind. If sleep depth is insufficient
(shallow sleep), VCAP can be “masked.” Therefore, when analyzing an overnight
recording of SpO2, it should be considered whether or not the patient slept well.

Table 3
Vocal Cord Abductor Paralysis (VCAP) in Multiple System Atrophy

1. Clinical signs and symptoms
1-1. Loud and high-pitched snoring, often associated with tachypnea
1-2. Daytime inspiratory stridor during wakefulness in advanced stage
1-3. Inspiratory hollow of the suprasternal recess

2. Diagnosis and stage classification
2-1. Restricted abduction and full adduction of the vocal cords
2-2. Paradoxical movement of the vocal cords showing inspiratory adduction and

expiratory abduction
2-3. Sleep-induced exacerbation or manifestation of VCAP
2-4. Six stages in the severity of VCAP on a fiberoptic laryngoscopy (stage 0, 1a, 1b,

2a, 2b, 3)

3. Pathophysiology
VCAP is caused by multifactorial mechanisms as described below:
3-1. Paralytic mechanism derived from denervation of the laryngeal abductor muscle
3-2. Nonparalytic mechanism derived from increased laryngeal muscles tone
3-3. Other mechanisms enhancing VCAP such as sleep and aspiration

4. Therapy
4-1. Tracheostomy

Time to perform tracheostomy is stage 2b on the laryngoscopic classification
and nearly 20% of %90 on an overnight recording of SpO2

4-2. Local laryngosurgery including arytenoidectomy, cordectomy, cord lateraliza-
tion, and so on

4-3. Airway splints: continuous/bilevel positive airway pressure with a nasal mask
4-4. Botulinum toxin injection to the laryngeal adductor muscle
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FUTURE QUESTIONS

Which sedative is preferable in a sleep laryngoscopy to evaluate upper airway
dynamics, including vocal cords movements? Diazepam, which we routinely use,
is a muscle relaxant and a respiratory center suppressant. A recent study showed
that the mechanism of respiratory insufficiency in nonintubated patients with drug-
induced coma from benzodiazepines is an increase in upper airway resistance (36).
It is also unknown how sleep depth (both in drug-induced or natural sleep) influ-
ences the severity of VCAP. Because SpO2 may depend in part on sleep depth,
semi-quantitative methods for evaluating sleep depth are needed to assess the over-
night recording of SpO2.

The most pressing question is, which therapy is most suitable for a given patient
with MSA and VCAP: tracheostomy, laryngosurgery for glottal opening, nasal
CPAP, or botulinum toxin injection? In the future, we hope to choose appropriate
treatments according to features of VCAP in each patient.
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Movement Disorder Emergencies
of the Upper Aerodigestive Tract

Boris Bentsianov, Ajay Chitkara,
Anthony Cultrara, and Andrew Blitzer

PATIENT VIGNETTE
A 52-year-old man was transferred to the emergency room of a major hospital

from a referral facility because of recent slurred speech. He had been admitted to the
facility the week before for treatment of alcohol abuse. Upon his arrival in the emer-
gency room, the neurology resident was called to evaluate the patient after a normal
computed tomography scan was obtained. Examination revealed normal comprehen-
sion and expression, slurring of speech, and an inability to fully open his jaw and
protrude his tongue. There were no defects in visual field perception, power, or sen-
sation. Review of the medical record from the referring institution revealed that the
patient had been started on 5 mg of haloperidol four times daily on his admission to
the referral facility as part of his treatment for alcohol abuse—he was unaware he was
receiving the medication. An acute dystonic reaction was diagnosed, and 25 mg of
intravenous diphenhydramine was administered, with resolution of dysarthria and
jaw restriction within 90 seconds of infusion. He was maintained on oral
diphenyhydramine 25 mg twice daily for one week after discharge.

INTRODUCTION

Respiratory emergencies secondary to movement disorders are a rare but a po-
tentially life-threatening phenomenon. Clinicians treating this patient population
should be aware of the differential diagnosis and proper treatment to prevent ad-
verse outcomes. The primary goal of intervention is to ensure a secure airway and
to prevent respiratory embarrassment. Breathing disturbances of the larynx may be
caused by primary movement disorders or may be iatrogenically induced, for ex-
ample secondary to neuroleptic agents, as in the patient described above. In gen-
eral, movement disorders of the upper aerodigestive tract lead to gradual respiratory
compromise by diminishing the ability of the larynx to protect the lungs from aspi-
ration. In this chapter, we focus on movement disorders that produce acute airway
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obstruction as a result of mechanical blockage by glottic dysfunction. Laryngeal
anatomy and physiology, history and physical exam, differential diagnosis, and
treatment of airway emergencies are discussed.

LARYNGEAL ANATOMY AND PHYSIOLOGY

The larynx serves as an organ for respiration, airway protection, and phonation.
The larynx is lined with mucosa and is composed of cartilages, ligaments, mem-
branes, and muscles. A detailed anatomic review is beyond the scope of this text;
therefore, we concentrate instead on the function and innervations of the intrinsic
laryngeal muscles, whose role it is to control breathing, protect the airway, and
phonate.

The afferent sensory and intrinsic musculature of the larynx is under the control
of the vagus nerve (cranial X). The vagus originates from the nucleus ambiguus
located within the brainstem and exits the cranial vault via the jugular foramen
along with cranial nerves IX (glossopharyngeal) and XI (spinal accessory). It
courses through the neck, thorax, and abdomen to supply its target organs with
either somatic sensory, somatic motor, autonomic, or taste functions. The vagal
branches responsible for laryngeal sensory and intrinsic motor functions are the
superior laryngeal nerve (SLN) and the recurrent laryngeal nerve (RLN).

The SLN is further divided into the internal and external branches. The internal
branch pierces the thyrohyoid membrane and supplies sensory innervation to the
glottis and supraglottic structures. The external branch supplies the cricothyroid
muscle, which tenses the vocal folds by rotating the thyroid cartilage anteriorly and
inferiorly relative to the cricoid cartilage. The RLN supplies sensory innervation to
the subglottic larynx and provides motor function to the remaining intrinsic laryn-
geal musculature. We may divide the intrinsic laryngeal muscles supplied by the
RLN into the adductor group (thyroarytenoid, lateral cricothyroid, interarytenoid),
which medially deviate the vocal folds, and the abductors (posterior cricoarytenoid),
which cause lateral excursion of the vocal folds. During inspiration the vocal folds
abduct (ABD) to allow airflow, and partially adduct (ADD) during expiration. Neu-
rological abnormalities that interfere with abduction or adduction may impair nor-
mal breathing, phonation, or airway protection.

The management of any patient with potential airway compromise starts with a
rapid and accurate assessment of the severity and urgency of the clinical problem.
Airway management can usually be classified as emergent, urgent, or chronic. An
accurate history, patient assessment, and physical examination will help categorize
various patients, allowing potentially life-saving measures to be executed appro-
priately.

Basic history with respect to the airway includes several key items. Whereas
dyspnea, or shortness of breath, is often the focus, this symptom may occur late in
the course of events and herald a true airway emergency. More subtle findings
occur earlier, and are critical to recognize. Stridor or “noisy breathing” suggests a
disturbance of the normal laminar airflow pattern. It may be noted during inspira-
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tion, suggesting a glottic or supraglottic origin; during expiration, suggesting a sub-
glottic or tracheal origin; or it may be biphasic. This symptom may not necessarily
be audible to the unaided ear and may require auscultation with a stethoscope over
the trachea for early detection. Vocal quality, often described as dysphonia or
hoarseness, is an important early finding. Questions about onset (acute vs chronic),
duration (continuous vs episodic), and type of change (harsh, raspy, breaking,
breathy, fatiguable) give important information about airway stability.

The physical examination of the upper airway depends on accurate interpreta-
tion of findings on flexible fiberoptic laryngoscopy. Neurological conditions
present a particular challenge because there is often no anatomic distortion of la-
ryngeal anatomy. Instead, they often manifest as complex functional disturbances
requiring an experienced, trained observer. Failure of bilateral vocal fold ABD may
warrant emergency intervention, cricothyroidotomy, or tracheotomy. As discussed
previously, early discoordination or generalized hypomobility may herald an im-
pending emergency, requiring preventative action. The specific history and physi-
cal findings of each of the neurological emergencies of the airway, including ADD
breathing dystonia, Shy-Drager syndrome (SDS), and iatrogenic-related emergen-
cies are discussed later.

Many neurological airway emergencies will respond to medical intervention in-
cluding high concentration humidified oxygen via a face tent, intravenous infusion
of steroids, and continuous pulse oximetry monitoring (preferably in a critical care
unit). These measures help stabilize the situation, either completely obviating the
need for definitive airway management or at least allowing trained surgical staff to
arrive for assistance. Great caution should be taken prior to attempted intubation in
this patient group, as bilateral true vocal fold ADD may leave the vocal folds in a
median or paramedian position making tube cannulation difficult or impossible even
for experienced staff. Repeated attempts can further aggravate the situation by trau-
matizing the larynx and true vocal folds, causing bleeding and edema in an already
compromised airway. Fiberoptic-guided intubation performed by highly trained
staff with backup surgical staff on hand and equipment ready in the room is far
superior if time allows. If this option is not available or the situation is too acute,
cricothyroidotomy by incision into the cricothyroid membrane and insertion of a
small endotracheal tube (e.g., no. 5.0 or no. 5.5) can be performed. This should be
followed by conversion to tracheotomy as early as possible to prevent injury to the
subglottis and potential further injury to the larynx and vocal folds.

BREATHING DISTURBANCES FROM PRIMARY DISORDERS
Spasmodic Dysphonia

Dystonia is defined as involuntary sustained muscle contractions frequently
causing twisting and repetitive movements or abnormal postures that may be sus-
tained or intermittent. Spasmodic dysphonia (SD) is a clinical term used to describe
focal laryngeal dystonia. The vocal apparatus usually functions normally during
respiration, and laryngeal dystonia is triggered by speech. Most SD is idiopathic;
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however, it may occur secondary to neurological disorders (Wilson’s disease, par-
kinsonism, Huntington’s disease, ceroid lipofuscinosis), environmental factors
(posttraumatic, postinfectious, vascular, neoplastic, toxic), and may even be psy-
chogenic (1). SD is generally categorized into an ADD form, ABD form, or mixed type.

In the ABD variant of SD, inappropriate contraction of the posterior cri-
coarytenoid muscles (the sole laryngeal abductors) results in hyperabduction of the
vocal folds. The voice quality is breathy, and aphonic breaks occur during con-
nected speech. In ADD SD, inappropriate hyperadduction of the laryngeal adduc-
tors (primarily the thyroarytenoids) results in a choked, strained voice quality with
breaks in phonation. Laryngeal dystonias are task-specific (i.e., they occur only
during speaking) and generally do not interfere with normal breathing; therefore,
respiratory compromise is not seen. Some studies have suggested that the sensation
of dyspnea experienced by patients with laryngeal dystonia may be exacerbated by
desynchronized contractions of the diaphragm (2). The primary treatment of SD is
with botulinum toxin injections to partially chemically denervate the specific la-
ryngeal muscles responsible for the abnormal movements.

Adductor Laryngeal Breathing Dystonia
As mentioned earlier, focal laryngeal dystonias usually do not interfere with

respiration; however, patients with ADD laryngeal breathing dystonia present with
ADD spasms, which occur during inspiration. This usually presents as stridor of
unknown etiology. Gerhardt first described this disorder, attributing it to paralysis
of the ABD muscles. In 1992, Marion (3) studied three patients with Gerhardt’s
syndrome with laryngeal electromyography to show that ADD muscles were hy-
peractive. No weakness or denervation of the ABDs was present, suggesting that
the syndrome occurred as the result of ADD dystonia. In 1994, our group reported
seven patients with stridor and paradoxical movement of the vocal folds (4). They
had normal abduction on coughing and laughing, but during inspiration they had
closure of the vocal folds, increasing airway resistance and producing stridor. Hy-
peractive ADD muscles were demonstrated on electromyogram (EMG), although
normal activity was seen in the ABD muscles. None of these patients desaturated
on pulse oximetry, and none required tracheostomy or ventilatory assistance. Stri-
dor disappeared during sleep, typical of dystonia, and reappeared on awakening.
All of the patients improved with injections of botulinum toxin to weaken the ADD
muscles. ADD breathing dystonia has also been reported in association with Lubag
syndrome (5) (X-linked dystonia-parkinsonism) and with multiple system atrophy
(MSA) (6).

Shy-Drager Abductor Weakness
SDS, the autonomic variety of MSA, is a parkinson-plus disorder characterized

by orthostatic hypotension, loss of sweating, and urinary and/or rectal incontinence.
Upper aerodigestive manifestations may include airway obstruction and/or swal-
lowing difficulties that may lead to recurrent aspiration and pneumonia (7). Airway
obstruction occurs secondary to progressive vocal fold dysfunction, typically pre-
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senting as stridor that occurs first in sleep. A full discussion of this topic is pre-
sented in Chapter 6. Vocal fold paresis and paralysis have been documented; how-
ever, the etiology of the vocal fold dysfunction is still elusive. Some authors have
postulated that there is progressive weakness of the laryngeal ABDs, whereas oth-
ers suggest a dyskinesia or dystonia of the ADDs leading to paradoxical vocal fold
movement. Some authors have demonstrated adductor hyperfunctioning by laryn-
geal EMG in patients with MSA, which responded to botulinum toxin injection to
the thyroarytenoid muscles (6). Flexible endoscopic evaluation usually reveals vo-
cal fold adduction during inspiration. As the laryngeal dysfunction progresses, pa-
tients may require tracheotomy to protect the airway.

There is no cure for SDS, and life expectancy is generally 7 to 10 years after
diagnosis; medical treatment is symptomatic. Surgical intervention may be neces-
sary to provide alternatives for nutritional support secondary to dysphagia and/or
tracheotomy to secure the dysfunctional airway.

IATROGENIC CAUSES OF BREATHING DISTURBANCES

Spasmodic Dysphonia: Airway Obstruction
Secondary to Botulinum Toxin Treatment

The treatment of SD entails manipulation of the larynx in order to deliver botu-
linum toxin to the appropriate laryngeal muscles. Airway compromise may occur
iatrogenically as the result of laryngospasm, excessive volume injection, or paraly-
sis of the laryngeal ABDs bilaterally. Laryngospasm is a sudden, sustained adduc-
tion of the vocal folds resulting in occlusion of the airway. This reflex is mediated
via the vagus nerve and usually occurs in response to irritation of the vocal folds. It
is thought to be a protective response that prevents irritants from reaching the lower
airway. The treatment of ADD SD requires botulinum toxin injection under EMG
guidance into the thyroarytenoid muscles. The needle is advanced through the cri-
cothyroid membrane into the body of the thyroarytenoid muscle. In some individu-
als, the needle may stimulate laryngospasm, resulting in acute airway obstruction.
Initial treatment requires the patient to remain calm and to inhale nasally (“sniff-
ing” maneuver) until the spasm breaks. This technique is often successful in break-
ing the spasm. Failure of the spasm to break with conservative measures may require
securing the airway via intubation, cricothyroidotomy, or tracheotomy. In the oper-
ating room, laryngospasm may be arrested with positive pressure ventilation, or
with paralytic agents followed by endotracheal intubation.

Injection of excessive volume into the vocal folds may lead to dyspnea and sub-
sequent mechanical obstruction of the glottic inlet. In our practice, the senior au-
thor tries to limit the injection to 0.1 mL per vocal fold to avoid stridor and/or
glottic obstruction.

The treatment of ABD spasmodic dysphonia requires botulinum toxin injection
under EMG guidance into the posterior cricoarytenoid muscles. Because these are
the only intrinsic laryngeal muscles responsible for abducting the vocal folds, bilat-
eral paralysis can result in acute laryngeal obstruction. To prevent this from occur-



84 Bentsianov et al.

ring, we inject only one side at a time. Approximately 2 weeks later, after the peak
effect of the botulinum toxin has passed, flexible nasolaryngoscopy is performed to
evaluate the ABD capability of the injected vocal fold. If there is satisfactory mo-
tion of the treated vocal fold, the contralateral posterior cricoarytenoid muscle is
treated. Precise unilateral injection is mandatory to prevent inadvertent bilateral
posterior cricoarytenoid muscle paralysis by direct injection or local diffusion.

There are no antidotes for mechanical obstruction of the larynx caused by over-
zealous injection of the vocal folds or inadvertent bilateral paralysis of the laryn-
geal ABDs. Treatment is guided by the severity of the obstruction, and may include
intubation and/or procurement of a surgical airway.

Drug-Induced Tardive Dystonia
Typical neuroleptics and antipsychotics may trigger tardive dyskinesia or tar-

dive dystonia, which can cause acute respiratory compromise if the larynx is in-
volved. The extra-pyramidal side effects of neuroleptic and antipsychotic
medication have been extensively reviewed in the literature (8–10). We focus on
tardive dystonia, as laryngeal involvement may precipitate acute respiratory em-
barrassment and sudden death if not properly diagnosed and treated. Tardive dyski-
nesia typically presents as involuntary choreic movements of oral, buccal, and
lingual areas, whereas tardive dystonia produces involuntary spasmodic movements
of the head, neck, tongue, and mouth (Fig. 1, patient vignette at the beginning of
this chapter). When the dystonia involves the laryngeal musculature, respiratory
compromise may ensue as a result of vocal fold spasms. The diagnosis of tardive
dystonia of the larynx should always be suspected in patients with a history of
neuroleptic use. Patients may present with acute stridor without obvious precipitat-
ing cause. The diagnosis is based on history and clinical examination including
endoscopy to rule out other causes of airway obstruction (11). Primary medical
management of tardive dystonia is with anticholinergics such as diphenhydramine,
which should be administered parenterally in the acute setting. Once the patient is
stabilized, pharmaceutical treatment should be continued orally as an outpatient for
3 to 5 days. Patients with laryngeal dystonia may require resuscitative treatment
(i.e., intubation, cricothyroidotomy, or tracheotomy) while antidotal therapy is ren-
dered (12). Fortunately, tardive dystonias respond promptly when properly diag-
nosed and treated.

SWALLOWING EMERGENCIES

Deglutition is a complex act of the laryngopharynx, requiring the successful
passage of a food bolus into the upper esophagus and simultaneous protection of
the laryngotracheal airway. This act relies on the complex interrelationship of neu-
romuscular coordination of the oral cavity, oropharynx, hypopharynx, and larynx.
Breakdown in the neuromuscular coordination of deglutition causes dysphagia (dif-
ficulty swallowing) or aspiration (food bolus passing into the airway distal to the
level of the true vocal folds). Emergencies of swallowing can be categorized into
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those related to dysmotility and those related to aspiration. In the first, the patient is
unable to maintain nutritional sustenance via oral intake, and in the second, the
patient is unsafe to maintain an oral diet as a result of impaired airway protection.
These swallowing emergencies rarely require immediate attention but often benefit
from urgent intervention to allow adequate nutritional intake.

Swallowing Physiology
Deglutition describes the mechanical passing of a food bolus from the oral cav-

ity into the esophagus and stomach. This can be divided into three phases: oral,
pharyngeal, and esophageal. Deglutition begins with the introduction of food into
the oral cavity. The oral preparatory phase (mastication) mechanically breaks down
the food particles into a manageable bolus while mixing the food with salivary

Fig. 1. This patient experienced an episode of acute lingual dystonia after taking a dose
of compazine.
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secretions to provide lubrication and early enzymatic digestion. The voluntary oral
phase then propels the bolus into the pharynx by elevation of the tongue to the
palate. Once the bolus stimulates afferents at the base of tongue and the faucial
arches, the pharyngeal phase of deglutition is initiated (13). This is associated with
closure of the velopharyngeal port, glottic, supraglottic, and epiglottic closure, and
elevation of the larynx. The pharyngeal phase is involuntary and involves the peri-
staltic contraction of the pharyngeal constrictors followed by the relaxation of the
cricopharyngeus muscle, allowing the bolus to pass into the cervical esophagus.
The third phase of swallowing is then initiated and proceeds with involuntary re-
petitive peristaltic contractions of the esophagus. The involuntary pharyngeal phase
of swallowing lasts approx 1 second. The temporal coordination of this phase is
crucial for successful passage of the bolus into the esophagus and concomitant pro-
tection of the laryngotracheal airway (13).

The neurological control of swallowing is a complicated interaction of volun-
tary, involuntary, efferent, and afferent impulses. Centers in both the pons and the
medulla have been implicated in the swallowing mechanism. There are two regions
at the level of the pons that, when stimulated, evoke the swallowing process (13).
The reticular formation lies immediately dorsal to the trigeminal motor nucleus and
transmits sensory input to the thalamus. The descending cortical–subcortical path-
way is ventral to the motor trigeminal nucleus. Stimulation in this region induces
mastication and swallowing. These two regions in the pons, however, do not com-
prise the core pathways of motor control in deglutition. The core pathway interneu-
rons are situated in the medulla. Similar to the pons, there are two regions in the
medulla that, when stimulated, can evoke swallowing (13). A dorsal region of the
reticular formation, which includes part of the nucleus tractus solitarius, and a ven-
tral portion of the reticular formation in proximity to the nucleus ambiguus, com-
prise the medullary swallowing centers (13). Peripheral afferents involved with
initiating the involuntary swallow include the maxillary division of the trigeminal
nerve, pharyngeal branches of the glossopharyngeal nerve, and sensory branches of
the superior and recurrent laryngeal nerves (13).

Swallowing Evaluation
The swallowing evaluation should include a history of types and quantities of

foods tolerated, weight loss or gain, and history of coughing or choking. The clini-
cal exam should include a comprehensive head and neck evaluation including
nasopharyngoscopy and fiberoptic laryngoscopy to assess the anatomy and func-
tion of the pharyngeal musculature and the larynx. In addition, the specific act of
deglutition should be witnessed.

Objective methods of evaluating swallowing function include modified barium
swallow (MBS) and fiberoptic endoscopic evaluation of swallowing (FEES). The
MBS (14) involves videofluoroscopic evaluation in both anteroposterior and lateral
views of swallowing while the patient is given barium-coated foods of different
consistencies (thin and thick liquid, puree, and solid). The examiner assesses for
dysfunction in either structural or mechanical dysmotility during swallowing in the
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oral, pharyngeal, and upper esophageal phases. In order to evaluate the entire
esophagus, a barium esophagram, which involves the patient swallowing liquid
barium, is performed. Views are taken before, during, and after the barium is ad-
ministered. If a difficulty is identified, feeding position and strategy can be tested
using the barium to evaluate the efficacy of the compensatory maneuvers. FEES
allows direct visualization of swallowing with a flexible laryngoscope in place dur-
ing deglutition (15,16). The patient is offered food boluses of different consisten-
cies with food coloring added. The swallow is observed through the flexible
videolaryngoscope. Many aspects of the swallow can be assessed in this manner,
except during velopharyngeal closure when the view is transiently obstructed. FEES
can be performed at the bedside or in the office. MBS and FEES, when performed
by experienced examiners, have similar specificity and sensitivity (17).

Laryngeal sensory testing is a method of evaluating the afferents of the laryn-
gopharynx (16). This is done at the same time as the FEES and evaluates the laryn-
geal ADD reflex. When present, the reflex implies that sensory input to the larynx
is intact. A calibrated air puff stimulus is applied to the aryepiglottic fold mucosa
while the ADD reflex is watched for. Sensory deficits have been shown to contrib-
ute to aspiration (18); however, the role of sensation in dysphagia associated with
movement disorders requires further investigation.

Esophageal function can also be evaluated with manometry. This technique
measures the sequential muscular function of the esophagus and can thus confirm
dysmotility disorders of the esophagus (19). This technique may be combined with
videoflouroscopy, which adds information about bolus location (20).

Treatment of Swallowing Disorders
The treatment of dysphagia begins with behavior modification and speech and

swallowing therapy. This entails both positional and functional maneuvers to im-
prove swallowing efficiency and prevent aspiration of the food bolus into the tra-
chea. In severe cases, oral feeding may be inadequate for nutritional sustenance and
tube feeding required for supplementation. Early intervention is crucial to main-
taining adequate caloric needs. Nasogastric tube feeding is appropriate for initiat-
ing enteral feeds. Percutaneous endoscopic gastrostomy (PEG) or open
gastrostomies are long-term, reversible means of maintaining enteral feeding in
patients with debilitating dysphagia. In some cases, treating the underlying move-
ment disorder may improve the symptoms of dysphagia.

Aspiration of food bolus can result in aspiration pneumonia, which carries a
significant morbidity in patients with degenerative movement disorders. Behav-
ioral modifications through speech and swallowing therapy are first implemented.
If vocal fold immobility is contributing to aspiration, then medialization laryngo-
plasty may help the patient to swallow safely (21) (Fig. 2). Gastric tube feeding
bypasses the upper aerodigestive tract and may decrease the frequency of aspira-
tion. Tube feeding, however, does not prevent the aspiration of oral secretions, and
patients may develop aspiration pneumonia even with a PEG. Patients who con-
tinue to aspirate oral secretions despite the presence of a gastric feeding tube may



88 Bentsianov et al.

Fig. 2. This photograph is a cross-section of a dog larynx showing the white ceramic
medialization implant in place. This procedure allows a paralyzed or weakened vocal fold
to be supported and return glottal competence during speaking, coughing, and swallowing.

benefit from surgical airway protection. This includes glottic closure, epiglottic
closure, laryngotracheal separation (Fig. 3), and total laryngectomy (22,23). Tra-
cheotomy does not prevent aspiration, and it may actually increase the risk of aspi-
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Fig. 3. This illustration demonstrates a surgical laryngotracheal bypass procedure. In
this procedure, the trachea is transected at about the second or third tracheal ring. The upper
end is sewn end-to-side to the esophagus. The lower end is brought out to the skin as if the
patient had a laryngectomy. This allows the patient to eat, and the material that would have
been aspirated into the airway now goes back into the esophagus. If the patient ever recov-
ers normal function, the procedure may be reversed.
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ration. This is a result of the tethering effect of the trachea, which may inhibit
laryngeal elevation and the ability to create adequate subglottic pressure during the
swallow. Tracheotomy does improve pulmonary toilet.

SPECIFIC DISORDERS RELATED
TO SWALLOWING EMERGENCIES

Oromandibuloloingual Dystonia
Oromandibulolingual dystonia (OMD) (24,25) is a form of focal dystonia in-

volving the masticatory, lower facial, and tongue musculature, producing spasms
and often jaw deviation. In the early 16th century, Brueghel often painted faces
with open mouths and contracted facial muscles, perhaps as a result of OMD (26).
In 1899, Gowers (27) described conditions producing tonic and clonic jaw contrac-
tions. The differential diagnosis of tonic jaw spasms includes dystonia, tetanus,
trauma, hysteria, brainstem lesions, and hypothermia. Just after the turn of the cen-
tury, Meige (28) reported a syndrome of spasms of the eyelids in addition to con-
tractions of the pharyngeal, jaw, and tongue muscles. These spasms were often
provoked by voluntary action (talking and/or eating), and lessened by humming,
singing, yawning, or voluntarily opening the mouth. Some patients with Meige’s
syndrome developed other signs of dystonia, including torticollis, spasmodic dys-
phonia, or writer’s cramp. In 1976, Marsden (29) realized that blepharospasm and
oromandibular dystonia were both forms of adult-onset focal dystonia, a view sup-
ported by others (30–40). In the most severe cases of OMD, dysphagia and/or air-
way obstruction can occur (Fig. 4). One such case was published in which a patient
who sustained hypoxic brain injury presented several years later with intermittent
respiratory distress requiring tracheostomy (41).

The etiology and differential diagnosis of OMD is similar to that of other forms
of focal dystonia (42). Misdiagnosis is common. Sustained or repetitive muscle
contractions associated with bruxism typically occur in sleep, and OMD disappears
in sleep. Many patients are initially diagnosed as having temporomandibular disor-
ders and are treated with a variety of appliances (43). Dental appliances may be
useful, as sensory tricks help orofacial dyskinesiasa and OMD. On the basis of
clinical exam, patients can be classified as having predominantly jaw-closing, jaw-
opening, or jaw-deviation dystonia. Drug therapy is the mainstay of treatment, with
anticholinergics, benzodiazepines, and baclofen being most effective (44,45). We
and others have reported success in managing OMD with local injections of botuli-
num toxin (46) (Fig. 5). There have been reports of successful management of the
jaw spasms using anesthetic and alcohol, suggesting an important role for modulat-
ing afferents in OMD (47). Side effects and complications of botulinum toxin in-
jection of OMD are uncommon. In our initial report, there were 14 instances of
dysphagia, most in jaw-opening dystonia where the anterior digastric muscles were
injected. This injection can cause weakness of the suprahyoid muscle, in turn caus-
ing a poor elevation of the larynx on swallowing and also changing the effective-
ness of the tongue base on swallowing. One patient had severe dysphagia requiring
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Fig. 4. This patient has a 1-year history of oromandibulolingual dystonia. Her tongue
posturing is so bad that she bites her tongue chronically and cannot eat. Her tongue pos-
tures, mostly during eating, pushing most of her food out of her mouth.

a change of diet. One patient with jaw-closing dystonia had marked weakness of
jaw closing and required an elastic bandage wrapped around his jaw to assist chew-
ing. Injection of the external pterygoid muscles occasionally caused rhinolalia or
nasal regurgitation when drinking liquids. One patient with severe jaw-opening
dystonia was treated too aggressively and developed antibodies to botulinum toxin
type A (48). We initially treated a number of patients with severe lingual dystonia
that caused posturing of the tongue or even prevented jaw-closing. However, this
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Fig. 5. This lateral skull X-ray is of a patient with severe jaw-closing oromandibualar
dystonia. Severe jaw-closing spasms have created a LeForte 2 pyramidal fracture of the
entire maxilla. It essentially free floats in its soft tissue attachments. Her spasms prevented
her from eating. She was treated with Botulinum toxin injections of her masseter, temporalis,
and internal pterygoid muscles. This allowed her to undergo reconstructive surgery and to
be able to once again feed by mouth.
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approach converts a hyperfunctional tongue to a hypofunctional tongue. In most
cases, we found the disability from the treatment worse than the disease. We rec-
ommend not treating the tongue, particularly the tongue base, because this worsens
speech and swallowing. In our initial series, six patients experienced such severe
dysphagia that they required a temporary nasogastric tube for alimentation for 3 to
8 weeks. Two patients with severe lingual dystonia (their tongues remained pos-
tured out of their mouths most of the time) were treated successfully because they
already had a tracheostomy and a gastrostomy tube. In these cases, a hypofunctional
tongue was a clinical improvement (49,50). Some authors report benefit with low
dose injections of lingual musculature (51).

Multiple System Atrophy
The main laryngopharyngeal deficit in patients with multiple system atrophy is

vocal fold immobility (VFI), which may be related to ABD paresis (6). Persistent
activity of the cricopharyngeus muscle during swallowing has also been noted in
EMG studies (6). Clinically, patients with advanced stages of MSA are more likely
to have VFI. This, along with dysfunction of the cricopharyngeus muscle, contrib-
utes to dysphagia. There is an increase in bolus stasis at the level of the piriform
sinuses and the cricopharyngeus (52). The presence of VFI has been associated
with increased risk of aspiration in patients with MSA, and therefore increased risk
of aspiration pneumonia (52). Patients with laryngopharyngeal deficits related to
MSA often require a tracheotomy to maintain the airway as the disease advances.
At this point, there is often the need for gastric tube feeding to maintain adequate
nutrition in these patients.

Multiple Sclerosis
Dysphagia is a secondary symptom of multiple sclerosis (MS), and a leading

cause of morbidity and mortality in patients with MS (53). Difficulty swallowing
can lead to dehydration, malnutrition, and aspiration pneumonia. Dysphagia may
be present in up to 43% of patients with MS (53), and the severity of the disease
does not correlate with the degree of dysphagia (53). Dysphagia is caused by
dysmotility at the level of the pharyngeal constrictors. This can result in penetra-
tion of the food bolus into the laryngeal vestibule. Slowing of the laryngopharyn-
geal phase of swallowing results in pharyngeal dysmotility (53). Because there is
no specific correlation between the disease state and the degree of dysphagia in
MS, any complaint of swallowing dysfunction should be evaluated and treated as
needed regardless of the patient’s overall disability. Speech and swallowing therapy
may be beneficial to help compensate for the laryngopharyngeal dysfunction. Pa-
tients at risk for aspiration or unable to maintain oral intake may require tube feed-
ing for maintenance of nutrition.

Amyotrophic Lateral Sclerosis
Dysphagia in amyotrophic lateral sclerosis (ALS) usually manifests several

months after the onset of the disease (54). Dysphagia in these patients may progress
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to aspiration pneumonia, malnutrition, and dehydration. Dysphagia in ALS is re-
lated to dysfunction at various phases of swallowing. There is generalized weak-
ness of the perioral, submental, and suprahyoid muscles, and the tongue. This affects
the oral preparatory and oral phases of swallowing and can result in difficulty con-
trolling liquids and purees (54). There is a delay in triggering of the pharyngeal
phase of swallowing in patients with early, moderate dysphagia. In addition, there
is a delay in laryngeal elevation in ALS patients with dysphagia. These patients
also exhibit decreased tonic pause duration of the cricopharyngeus muscle with
laryngeal elevation, resulting in shorter periods of upper esophageal sphincter open-
ing (55). ALS patients with dysphagia have weakness of laryngeal and respiratory
muscles. They also exhibit brisk mandibular and gag reflexes. In advanced stages
of dysphagia, patients can lose all voluntary control of the swallow, resulting in a
spontaneous reflex swallow (55).

Speech and swallowing therapy may provide compensatory techniques for early
and moderate dysphagia. As the disease progresses and dysphagia becomes debili-
tating, gastric tube feedings are required. Some patients with severe aspiration of
secretions may benefit from surgical airway protection via glottal closure, laryn-
gotracheal separation, or total laryngectomy.

Parkinson’s Disease
Swallowing dysfunction is present in 30–52% of patients with Parkinson’s dis-

ease (PD) (56). Dysphagia and aspiration in the setting of respiratory insufficiency
are a major cause of death in patients with PD (57). In patients with PD, there is a
positive correlation between dysphagia and both disease duration and severity (58).
Potulska (56) compared swallowing function in patients with PD with normal sub-
jects using EMG and pharyngoesophageal scintigraphy. Patients with PD exhibited
either subclinical dysphagia or overt dysphagia. Overall pharyngeal transit times,
laryngeal movement times, and esophageal transit times were prolonged in PD pa-
tients with overt dysphagia. As the dysphagia progressed, the pharyngeal phase of
swallowing became more disrupted. Furthermore, the dysphagia limit (maximum
bolus volume safely swallowed) was significantly less in patients with overt dysph-
agia compared with patients with subclinical dysphagia (56). EMG studies showed
prolonged triggering of the swallowing reflex and prolonged duration of the pha-
ryngeal reflex time without disturbance in the function of the cricopharyngeus
muscle (55). Patients with PD with dysphagia may benefit from speech and swal-
lowing therapy to compensate for the impaired swallowing mechanism. If the dys-
phagia progresses such that oral nutrition is either inadequate or unsafe, then tube
feeding should be implemented (Fig. 6).

Huntington’s Disease
Huntington’s disease (HD) is a neurodegenerative disorder of the basal ganglia

resulting in choreic movements, dementia, and neuropsychiatric features. These
patients have impaired motor control of nearly all voluntary muscles. Death occurs
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Fig. 6. This picture illustrates a patient with Parkinson’s disease in crisis, the result of
significant dysphagia and aspiration. As a result of aspiration pneumonia, the patient was
given a tracheostomy, a subclavian line, and a percutaneous endoscopic gastrostomy, creat-
ing a dependent state. There are a number of other surgical options that can allow the patient
to eat by mouth without soiling the airway.

within 20 years in most patients, and often as a result of aspiration pneumonia (59).
HD-related dysphagia is classified as hyperkinetic or bradykinetic (59). The hyper-
kinetic variant is the more prevalent of the two. This type is associated with unco-
ordinated, hyperactive movements of the tongue, mandible, and soft palate. There
is also reduced activity of the suprahyoid, cricopharyngeus, and extrinsic muscles
of the larynx (59). In addition, there are abrupt swallowing and involuntary respira-
tory maneuvers associated with the hyperkinetic variant. Tachyphagia is a unique
characteristic of HD-related dysphagia. The bradykinetic variant of HD manifests
with reduced motor function, range of motion, and coordination of the lips, man-
dible, tongue, and extrinsic laryngeal musculature (59). Lingual sensory deficits
may be present in both hyperkinetic and bradykinetic variants of HD (59). Kagel
and Leopold (59) reviewed patients with HD by videoflouroscopic swallowing
study over a 16-year period and found that 28 of 29 patients had severe oral phase
dysphagia and 17 of 29 patients had severe pharyngeal phase dysphagia, yet only 2
of 29 patients penetrated or aspirated. It should be noted that these swallow studies
were performed with the patients in specially designed chairs to facilitate safe swal-
lowing via postural fixation and spinal extension (59). Over one-half of the patients
studied exhibited uncoordinated and asynchronous vocal fold function. This laryn-
geal chorea resulted in almost one-third of the patients with a potentially unpro-
tected tracheal airway (59).
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Treatment of swallowing dysfunction in patients with HD should begin with
speech therapy and dietary modifications. This technique is limited by each
patient’s cognitive decline and ability to cooperate. Other techniques to optimize
safe swallowing include specially designed chairs and prostheses, which limit some
of the choreic activity and increase the efficiency of swallowing. When the disease
progresses to unsafe swallowing, gastric tube feeding is recommended.

Palatal Myoclonus
Palatal myoclonus is a form of focal myoclonus that manifests as repetitive con-

tractions of the soft palate and uvula. It may affect only one side, although bilateral,
symmetric involvement is more common. Continuous, synchronous contractions of
the uvula and soft palate occur at a frequency of 100–150 beats per minute (60).
The myoclonic activity persists during sleep. There may be associated focal myo-
clonic involvement of the larynx, extraocular muscles, neck, diaphragm, tongue,
and face (60). Palatal myoclonus is classified as symptomatic or essential. Symp-
tomatic myoclonus occurs secondary to an underlying central nervous system dis-
turbance, most commonly a brainstem stroke (61). Other causes of symptomatic
myoclonus include trauma, brainstem tumors or lesions, MS, encephalitis, progres-
sive bulbar palsy, syringobulbia, obstructive hydrocephalus, and infectious causes
(syphilis, malaria) (60–62). There may be a latency between the brainstem insult
and onset of myoclonus of 3 weeks to 3 years (60). Essential myoclonus, which is
much less common, has no identifiable etiology (61). The essential variant is asso-
ciated with earlier onset (30–40 years), equal incidence in men and women, lower
frequency, and often presents with the sole complaint of ear clicking (60). Symp-
tomatic palatal myoclonus usually occurs in older males with less frequent subjec-
tive complaints (60). There are occasional reports of palatal myoclonus contributing
to dysphagia, dysarthria, and aspiration (62).

Treatment regimens for palatal myoclonus may include medical therapy with or
without speech and swallowing therapy. Unfortunately, palatal myoclonus is often
refractory to drug therapy. Occasionally, successful medications include anticho-
linergics and clonazepam, and botulinum toxin has been used as well (61). Swal-
lowing therapy can also benefit patients with significant dysphagia and aspiration
related to palatal myoclonus. Behavioral techniques such as the supraglottic swal-
low can allow safe oral feeding with previous aspiration (62).

CONCLUSION
Movement disorder emergencies of the aerodigestive tract are dramatic and of-

ten life-threatening. With appropriate timely evaluation and intervention, most pa-
tients can be effectively managed, and major morbidity avoided.
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Dystonic Storm

Melissa J. Nirenberg and Blair Ford

PATIENT VIGNETTES
Patient 1: A 16-year-old non-Jewish boy had an 8-year history of idiopathic tor-

sion dystonia resulting from the DYT1 mutation. At baseline, he was able to sit up-
right in a chair, but required help with activities of daily living, including feeding,
dressing, and bathing. Treatment with a combination of baclofen, trihexyphenidyl,
and clonazepam alleviated some of his symptoms. Trials of levodopa, diazepam,
carbamazepine, and phenytoin provided no additional benefit.

At 16 years old, he developed severe, relentless dystonic spasms over a period of
5 days, with no clear precipitant. He was febrile to 40°C, with a creatinine phospho-
kinase (CPK) level of 1032 U/L. He had severe dystonia of the face and all four
extremities, and opisthotonic posturing. Supportive care was initiated, including ad-
mission to the pediatric intensive care unit, intravenous hydration, and administration
of antipyretics (acetaminophen). An intravenous lorazepam drip (and later a
midazolam drip) was used as a temporizing measure to sedate the patient, suppress
the dystonic spasms, and reduce the risk of medical complications (such as
rhabdomyolysis) while other treatments were initiated. Dystonia-specific therapy
consisted of increased doses of his outpatient medications (baclofen, trihexyphenidyl,
and clonazepam) and the gradual addition of gabapentin, clonazepam, and dantrolene.
Repeated attempts to wean him from intravenous benzodiazepines were unsuccessful
because of recurrent dystonic spasms.

When noninvasive dystonia-specific therapy failed, a test bolus of intrathecal
baclofen (50 μg) was administered and shown to temporarily alleviate his symptoms.
An intrathecal baclofen pump was therefore placed. The procedure was complicated
by initial worsening of his dystonia and pain at the pump site. A week later, however,
his dystonic spasms began to remit. He was discharged on a combination of intrathe-
cal baclofen (900 μg/day), oral baclofen (10 mg/day), trihexyphenidyl (60 mg/day),
dantrolene (100 mg/day), and clonazepam (6 mg/day).

Eight months later, when tolerance to the intrathecal baclofen developed, a bilat-
eral pallidotomy was performed. There was an immediate improvement in his dysto-
nia, with no associated neurosurgical complications. After 15 months, he required a
repeat right pallidotomy for persistent left arm dystonia. Because of ongoing severe
dystonia, he subsequently underwent bilateral deep brain stimulation of the globus
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pallidus interna at the age of 20. Although there were no surgical complications, there
was minimal addition benefit; he continues to suffer from intractable generalized
dystonia.

Patient 2: A 13-year-old boy of Ashkenazi Jewish ancestry had a 9-year history of
idiopathic torsion dystonia related to the DYT1 mutation which ran in his family. At
baseline, he had painful dystonic spasms of the lower extremities that at times ren-
dered him unable to walk. Treatment with a combination of baclofen, trihexyphenidyl,
benztropine, and reserpine was moderately helpful. Trials of levodopa (300 mg/day),
carbamazepine, and clonazepam were ineffective or poorly tolerated.

At the age of 13, he developed severe, generalized dystonic contractions with no
clear precipitant. He was admitted to a tertiary care hospital for urgent management
of dystonic storm. Supportive care was initiated, including transfer to the pediatric
intensive care unit, cardiopulmonary monitoring, and intravenous hydration. His pain
was managed with codeine and acetaminophen. The serum CPK level was followed
closely, and never exceeded the admission level of 4782 U/L. Renal function and
urine output were also monitored, and remained within normal limits. Temporizing
measures (such as intravenous sedation or general anesthesia) were not necessary.
Dystonia-specific therapy consisted of increasing his usual doses of reserpine and
lorazepam and gradually adding dantrolene. By hospitalization day 23, his symptoms
had stabilized. He was discharged on a combination of dantrolene (150 mg/day),
trihexyphenidyl (75 mg/day), benztropine (4 mg/day), baclofen (80 mg/day), reser-
pine (2.25 mg/day), and lorazepam (6 mg/day). Unfortunately, in the subsequent
weeks he continued to have painful and debilitating dystonic spasms.

Two months after discharge, he underwent bilateral deep brain stimulation of the
globus pallidus interna, with no operative complications. Seven months later, he de-
veloped a Staphylococcus aureus infection at the left cranial pulse generator site,
necessitating surgical revision. Despite this setback, he showed ongoing improve-
ment in his dystonia. Now, 2 years later, he continues to have an excellent functional
outcome on lower doses of oral medications.

INTRODUCTION

Dystonia is defined as a syndrome of sustained muscular contractions, frequently
causing twisting and repetitive movements, or abnormal postures. It may be re-
stricted to specific parts of the body, or generalized in distribution (1,2). When
generalized dystonia “rapidly escalate[s] from its baseline to a presentation of ex-
treme, forceful, continuous generalized contractions,” it has the potential to pre-
cipitate a severe, life-threatening crisis that requires urgent evaluation and
treatment. This was first reported by Jankovic and Penn in 1982 when they de-
scribed a patient with “severe dystonia and myoglobinuria,” in whom hyperpyrexia
and rhabdomyolysis resulted from powerful dystonic spasms (3). In 1984, Marsden
and his colleagues reported two similar cases of severe, refractory generalized dys-
tonia, which they referred to as “desperate dystonia” (4). More recently, the terms
“status dystonicus” (5,6) and “dystonic storm” (7–9) have been used to describe
severe, relentless, and life-threatening generalized dystonia. These terms are valu-
able in that they convey the serious nature of this neurological emergency.
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DIAGNOSIS AND MANAGEMENT

The risk of dystonic storm appears to correlate with the severity of dystonia (3).
It most commonly occurs in patients in whom there is poorly controlled general-
ized dystonia at baseline. The etiology of the underlying dystonia varies widely.
Dystonic storm occurs in idiopathic torsion dystonia with or without the DYT1
mutation (5,7,8,10). It has also been reported in secondary dystonia resulting from
trauma (5), encephalitis (5), cerebral palsy (5,11–13), or acute neuroleptic use
(14,15). Several neurodegenerative disorders in which dystonia is prominent have
also presented with dystonic storm. These include Wilson’s disease (6), infantile
striatal necrosis (5), neuroacanthocytosis (5), and pantothenate kinase-associated
neurodegeneration (9,16).

Dystonic storm often occurs after a triggering event such as fever (9), intercur-
rent infection (5), or medication exposure. Drugs that have been implicated include
dopamine receptor-blocking agents (DRBAs) (14,15), penicillamine (in a case of
Wilson’s disease) (6), and possibly clonazepam (5). Abrupt tapering or cessation of
tetrabenazine, lithium, or anticholinergic medications may also precipitate dystonic
storm (3,5). In many cases, however, no inciting factors can be identified (5,8–10).

The clinical presentation of dystonic storm is characterized by severe general-
ized muscle stiffness (as a result of dystonia), pain, hyperpyrexia, and even
rhabdomyolysis (3–10,13). Other features may include aphagia and anarthria (4–
7,9). Patients may require endotracheal intubation and mechanical ventilation be-
cause of bulbar dysfunction, decreased ventilatory capacity, muscular fatigue, or
exhaustion (5,7,9). Secondary complications may include tongue biting with lin-
gual swelling (10,15), dehydration, inanition (9), cardiac dysfunction (4,5), gas-
trointestinal hemorrhage (4,9), hypotension (6), aspiration pneumonia, and
nosocomial infections (5). When rhabdomyolysis occurs, there is a high risk of
associated acute renal failure and metabolic acidosis (5,6,14,15).

When a patient with dystonic storm is brought to medical attention, it is impor-
tant to exclude other disorders that may have a similar clinical presentation (Fig. 1).
The differential diagnosis includes neuroleptic malignant syndrome, malignant hy-
perthermia, serotonin syndrome, acute withdrawal from intrathecal baclofen, and
bacterial meningitis (5,8,12,17). Lumbar puncture to exclude the possibility of
meningitis is critical, particularly when there is altered mental status, fever, or head-
ache. It is also especially important in patients with intrathecal baclofen pumps,
who are at an increased risk for bacterial meningitis (18).

Once the diagnosis of dystonic storm has been established, prompt and aggres-
sive treatment is indicated. Dystonic storm is a rare, life-threatening, fluctuating
disorder. There are unfortunately no evidence-based management guidelines. The
approach is therefore empiric, based on a compilation of effective treatments de-
rived from case reports in the literature (9). We subdivide management into three
major components: supportive care, temporizing measures, and dystonia-specific
therapy. An algorithm is shown in Fig. 2.
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Supportive Care
Supportive care is directed at minimizing the systemic complications of severe

dystonia. Most patients are admitted to an intensive care unit where cardiopulmo-
nary monitoring is available (5,8,9). Airway and respiratory status should be rap-
idly evaluated and closely observed; endotracheal intubation and mechanical
ventilation should be performed when clinically indicated (3–5,7,9,11). Hyperpyr-
exia should be treated with cooling blankets and antipyretics (3,7,8). Pain is nearly
universal (3–5,9); analgesic medications such as fentanyl or morphine are therefore
indicated until dystonia-specific therapy takes effect (5,8).

Intravenous hydration is critical in all cases (3,8–10,15). The serum creatinine
phosphokinase, creatinine, and urine output should be followed closely, given the
high risk of rhabdomyolysis (5). Alkalinization of the urine is indicated if
rhabdomyolysis occurs (10,15); if rhabdomyolysis progresses to acute renal fail-
ure, then dialysis may be needed (14). If the dystonia cannot be controlled quickly,
then tube feedings or parenteral nutrition should be initiated to prevent inanition (9,14).

Potential triggers for the development of dystonic storm should also be identi-
fied and treated. When there is suspicion of an underlying bacterial infection, broad-
spectrum antibiotic therapy should be administered (5). When dystonic storm has
been precipitated by a specific medication, discontinuation of the offending agent
is prudent, but unlikely to abort the crisis (6).

Temporizing Measures
Temporizing measures are often critical for halting the relentless and life-threat-

ening cascade of events and protecting the patient until dystonia-specific medica-
tions reach therapeutic levels. Sedative-hypnotics are frequently used as first-line
therapy because they allow the patient to remain awake and carry a low risk of
causing hypotension or other cardiovascular complications. A continuous
midazolam drip is a good initial choice because it is a direct muscle relaxant, has a

Fig. 1. Differential diagnosis of dystonic storm.
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Fig. 2. An algorithm for the management of dystonic storm.
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relatively short half-life, and has little effect on cardiovascular function (5,8). In
refractory cases, general anesthesia (often in combination with paralytic agents)
may be necessary to control overwhelming dystonic spasms. A variety of general
anesthetics have been used for this purpose (4,5,9,10). Of these, propofol is prob-
ably the best choice because of its short half-life. Various paralytic agents have also
been used for dystonic storm (3,5,9,11), but nondepolarizing agents such as
pancuronium are preferable, because depolarizing agents may precipitate or exac-
erbate rhabdomyolysis. Although there have been no direct comparisons between
these strategies, they are highly effective in controlling the symptoms of dystonic
storm. Unfortunately, these interventions do not affect the underlying dystonic
symptoms, which typically recur as soon as the agents are withdrawn (8,9).

Dystonia-Specific Therapy
Dystonia-specific therapy is used to abort the crisis. Marsden and his colleagues

reported success with a combination of drugs (now referred to as the “Marsden
cocktail”) consisting of a fixed dose of tetrabenazine (75 mg/day), to which a DRBA
and then an anticholinergic medication were gradually added as tolerated (4). Manji
advocated use of the same medications with a different titration schedule (5). The
regimen began with a trial of levodopa therapy in all patients (to exclude the possi-
bility of dopa-responsive dystonia); when that was unsuccessful, anticholinergic
medications, followed by tetrabenazine and then a dopamine receptor blocking
agent such as pimozide were used. Each agent was started slowly, and titrated
gradually to minimize side effects (4,19). Even so, serious medication side effects
required discontinuation of the offending agent in several cases. Pimozide in par-
ticular precipitated a superimposed acute dystonic reaction in one case (4) and
cardiotoxicity in several others (5). Reversible, dose-dependent side effects of these
dystonia-specific medications also occurred frequently. These included drug-in-
duced parkinsonism, akathisia, depression, drowsiness, cognitive impairment, and
urinary retention (4,5,9). Whereas these side effects are a major concern in an out-
patient setting, they are more easily managed in the intensive care unit.

Regardless of the titration schedule, anticholinergics, catecholamine-depleting
agents, and DRBAs appear to be the most effective agents for the treatment of
dystonic storm. These medications have been tested in combination with dantrolene,
benzodiazepines (e.g., clonazepam or diazepam), baclofen, anticonvulsants (e.g.,
carbamazepine, valproic acid, primidone, phenytoin), lithium, bromocriptine,
levodopa, and acetazolamide with variable results (3,5,7–10). Unfortunately, even
with aggressive polytherapy, the dystonia often remains staunchly unresponsive to
oral medications (5,6,9). Moreover, because the patients are virtually always treated
concurrently with several different medications, it is often unclear which one(s)
may be responsible for clinical improvement.

When oral medications fail, more invasive approaches are warranted. Intrathe-
cal baclofen therapy is well established as an effective treatment for spasticity
(20,21), and has been used with variable success in the chronic management of
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generalized dystonia (17,22–26). Intrathecal baclofen was first shown to provide
benefit in a case of refractory dystonic storm in 1992 (11) and has been used in
subsequent cases (8). Major advantages include the potential to relieve pain from
muscular spasms (17,27,28), prevent the need for general anesthesia (8), and pro-
vide long-term therapy for the underlying dystonia after the acute crisis has re-
solved. Potential disadvantages include the high rate of complications, particularly
with long-term use. These range from mild, reversible symptoms to severe, life-
threatening emergencies. Potentially serious complications include cerebrospinal
fluid leak, meningitis, seizures, mechanical failure (which may precipitate a life-
threatening withdrawal syndrome), and overdose (which may result in bradycardia,
hypotension, respiratory depression, or coma) (16–18,20,29). The role of intrathe-
cal baclofen in the treatment of dystonic storm is uncertain (17). Until there is bet-
ter data regarding the safety and efficacy of this procedure, it should probably be
reserved only for medically refractory cases.

In recent years, thalamotomy, pallidotomy, and high-frequency deep brain stimu-
lation (DBS) of the globus pallidus interna have played an increasingly important
role in the management of medically refractory dystonia (30–37). Although these
procedures offer the potential of providing long-term control of the underlying dys-
tonia, their safety and efficacy in the management of dystonic storm remain un-
clear. Surgical intervention is relatively contraindicated in the acute setting, where
renal failure and other organ system dysfunction may increase surgical morbidity
and mortality (8). Moreover, even in stable patients, up to 9% may have serious
complications including stroke, cognitive symptoms, visual field deficits, dysar-
thria, dysphagia, hypophonia, and infection (38–42). These procedures, particu-
larly DBS, also have a delayed onset to maximal benefit that may limit their utility
in the acute setting (31,34,39). Nonetheless, several reports have illustrated the safe
and effective use of thalamotomy, pallidotomy, or pallidal DBS in the management
of dystonic storm (3,5,8,43). Thus, neurosurgical intervention should be consid-
ered in patients who fail to respond to more conservative therapy.

The prognosis of patients with dystonic storm is highly variable, and depends
both on the quality of supportive care and the underlying etiology for the dystonia
(5). In some cases, there may be complete recovery with no residual dystonia, or a
return to the baseline level of disability (5). In more severe cases, patients may
accrue new, permanent neurological deficits, such as loss of the ability to ambulate
independently or to swallow without aspirating (4,5). Some cases have had a fatal
outcome, even with early and appropriate treatment (5,6,9).

CONCLUSION

Dystonic storm is a rare, life-threatening manifestation of generalized dystonia
that must be promptly recognized and treated. Aggressive intervention by an expe-
rienced team of neurologists and intensivists is critical to reduce morbidity and
mortality from this neurological emergency.
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Pseudodystonic Emergencies

Beom S. Jeon and Jong-Min Kim

PATIENT VIGNETTES
Patient 1: A 6-year-old boy presented to the outpatient department for head tilt.

Since the age of 2, head tilt to the right side had been noted. When he was 4 years old,
cervical spine imaging was performed. Congenital laminar fusion on the right at the
C2–3 vertebrae was found. At age 6, posterior in situ fusion of the C2–3 vertebrae
with iliac bone graft was performed. However, head tilt was not relieved. The patient
was referred to a neurologist. Examination revealed head tilt to the right with painful
contraction of the neck muscles. Manual rotation of the neck to either side and
straightening of the neck caused severe pain. The images obtained before and after
operation were reviewed. There was an enhancing lesion anterior to atlas, axis, and
C3 vertebra. It appeared to be an inflammatory lesion, whose exact etiology was not
clear. Anti-inflammatory drugs and muscle relaxant were started. Painful contrac-
tions of neck muscles were somewhat reduced, resulting in mild improvement in head tilt.

Patient 2: A 54-year-old woman came to the emergency room with severe muscle
spasms of the neck and inability to speak or swallow. She had been healthy until
progressive muscle spasms developed about 1 week prior to her visit. Examination
revealed retrocollic posture with restriction of neck movements in any direction. She
had difficulty in opening her mouth as a result of jaw trismus. She recalled that she
had suffered a minor scratch on her left shoulder about 1 week before developing her
symptoms. Continuous trains of muscle firing were seen on electromyogram. She
was diagnosed with localized tetanus, and high doses of diazepam relieved much of
the pain and spasm. She improved gradually over the next 3 months.

INTRODUCTION

Dystonia is a syndrome of sustained muscle contractions, causing abnormal pos-
tures, twisting, and repetitive movements (1). The etiological classification divides
the causes of dystonia into four major categories: primary (or idiopathic), dystonia-
plus syndromes, secondary (or symptomatic), and heredodegenerative diseases in
which dystonia is a prominent feature (2). However, there are other neurological
diseases in which sustained abnormal postures may be present without true dysto-
nia. These disorders mimic dystonia, and hence are called pseudodystonia.
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The differential diagnosis of pseudodystonia includes stiff-person syndrome (3),
Isaacs’ syndrome (4), Sandifer’s syndrome (5), juvenile rheumatoid arthritis (6),
tetanus (7), torticollis associated with pharyngitis (8,9), torticollis as a result of
spinal cord astrocytoma (10,11), congenital muscular torticollis, ocular muscular
torticollis (compensatory for strabismus and diplopia), and others (Table 1). Mus-
culoskeletal abnormalities of the spine (Satoyoshi syndrome [12], atlanto-axial sub-
luxation in Down syndrome [13], congenital laminar fusion, ligament absence,
congenital Klippel–Feil syndrome [14]), syringomyelia (15), and Arnold-Chiari
malformation inducing torticollis are other examples of pseudodystonic conditions.

PSEUDODYSTONIC EMERGENCIES

Recognition and differentiation of pseudodystonia from dystonia is critically
important, as the treatment of pseudodystonia is directed at the underlying cause.

Fig. 1. Radiographic findings from Patient 1. (A) Three-dimensional reconstructed com-
puted tomography image demonstrates laminar fusion at C2–3 vertebrae (posterolateral as-
pect of cervical spines). (B) Cervical spine magnetic resonance image shows a partially
enhancing lesion anterior to the atlas and axis. The confirmative diagnosis of this lesion is
not yet known.
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Some pseudodystonic disorders may present as movement disorder emergencies.
Atlanto-axial subluxation, tetanus, neoplastic torticollis, and infectious torticollis
are pseudodystonic conditions requiring emergent evaluation and treatment (Table
2). Atlanto-axial subluxation is a serious cause of acute torticollis in childhood.
Children are vulnerable to developing this condition because of the increased laxity
of the spinal ligaments of the atlas and axis. The trauma needed to produce atlanto-
axial subluxation can be trivial, and it may even occur spontaneously without a
history of trauma (16). The typical manifestations of atlanto-axial subluxation are
acute head tilt, contralateral head rotation, and mild neck flexion. The neck muscles
paradoxically appear loose. The spinous process of the axis may be palpable in the
same direction as the head rotation. The patient is usually unable to rotate the neck
past midline (17). The consequences of overlooked atlanto-axial subluxation in
children may be devastating (18). Early diagnosis and intervention are critical to
ensure complete recovery. Axial traction combined with rotation to the neutral po-
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sition is the treatment of choice. If the diagnosis is delayed for more than one month,
axial traction may not be helpful, and operative intervention is required, at the ex-
pense of limited range of motion of the cervical spine.

Tetanus may affect a limb or the neck (localized), the face (cephalic), or it may
be generalized (19). Generalized tetanus presents with pain or stiffness over the
back or neck, usually followed within 24 hours by trismus and autonomic distur-
bance. Cephalic or localized tetanus may be misdiagnosed as acute focal dystonia
with potentially catastrophic consequences. Cephalic tetanus usually follows a fa-
cial injury. Trismus mimics dystonia of the jaw. Fiorillo reported a 10-year-old boy
who developed continuous painful spasm of the foot after a peripheral injury (7).
Initially, the diagnosis was delayed. He was treated with tetanus immunoglobulin
and antibiotics and recovered, although foot spasms continued for 4 months.

Spinal cord tumor occasionally presents with pseudotorticollis (10). Shafir re-
ported a disaster in an infant with congenital torticollis as a result of an undiag-
nosed spinal cord astrocytoma (11). Chiropractic manipulation prior to the correct

Table 1
Pseudodystonia: Differential Diagnosis

1. Stiff-person syndrome
2. Isaacs’ syndrome
3. Sandifer syndrome
4. Musculoskeletal or developmental abnormality (Satoyoshi syndrome, atlanto-axial

subluxation in Down syndrome, congenital laminar fusion, ligament absence, lax-
ity,  damage, congenital Klippel–Feil syndrome, congenital muscular torticollis,
compensatory act for strabismus and diplopia, syringomyelia, Arnold–Chiari mal-
formation)

5. Atlanto-axial subluxation, spontaneous, or associated with trauma, juvenile rheu-
matoid arthritis, or inflammatory head and neck process

6. Tetanus: localized, cephalic, generalized
7. Neoplastic torticollis (posterior fossa tumor, spinal cord astrocytoma)
8. Infectious torticollis (nonspecific pharyngitis, tonsillitis or

adenoiditis, retropharyngeal or tonsillar abscess, mastoiditis or otitis media, cervical
adenitis, acute rheumatic fever, parotitis, syphilitic pharyngeal ulcer, or influenza)

9. Seizures manifesting as sustained twisting postures
10. Torticollis from arteriovenous fistula at craniocervical junction

Table 2
Pseudodystonic Emergencies

1. Atlanto-axial subluxation resulting from trauma, or spontaneous
2. Tetanus: localized, cephalic, generalized
3. Neoplastic torticollis
4. Infectious torticollis
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diagnosis triggered a respiratory arrest and quadriplegia as a result of tumor necro-
sis. The authors suggest, and we agree, that all children with torticollis, even those
with congenital torticollis, should have a radiological evaluation before any physi-
cal therapy is instituted.

The most common cause of emergent pseudotorticollis is as a presentation of
infectious or inflammatory processes of the head or neck. Known as Grisel’s syn-
drome, torticollis may follow nonspecific pharyngitis, tonsillitis or adenoiditis,
retropharyngeal or tonsillar abscess, parotitis, mastoiditis or otitis media, acute
rheumatic fever, or influenza (8). All children presenting with acute nontraumatic
torticollis should be assumed to have an inflammatory or neoplastic head or neck
process until proven otherwise. Initial management should include cervical immo-
bilization. Computed tomography or magnetic resonance imaging imaging is nec-
essary to delineate the atlanto-axial joint—plain radiographs are insufficient.

CONCLUSION

All patients presenting with acute torticollis should be assumed to harbor a trau-
matic or inflammatory head and neck process. Initial management should include
cervical immobilization. All children with torticollis, even those with congenital
torticollis, must have a neurological and radiological evaluation before any physi-
cal therapy. Computed tomography or magnetic resonance imaging is necessary to
delineate the atlanto-axial joint, and to identify space-occupying lesions in the head
and neck. All patients with persistent torticollis must be assumed to harbor an
atlanto-axial subluxation until proven otherwise. Definitive treatment of
pseudodystonia is directed at the underlying cause.
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Tardive and Neuroleptic-Induced Emergencies

Paul E. Greene and Steven J. Frucht

PATIENT VIGNETTES
Patient 1: A 26-year-old man with severe juvenile parkinsonism was maintained

on a regimen of levodopa and pergolide. He was admitted to the hospital in order to
adjust his Parkinson’s disease medications, and pergolide was tapered off. The neu-
rologist was called to the bedside when he subsequently experienced an acute episode
of painful turning of his neck to the right and elevation of the right arm, and dystonic
posturing of the left leg. His eyes remained deviated up and to the right, although he
could bring them into primary gaze with difficulty. A diagnosis of oculogyric crisis
secondary to pergolide withdrawal was made, and treatment with intravenous diphen-
hydramine terminated the crisis.

Patient 2: A 92-year-old woman presented to a movement disorder clinic in the
company of her daughter. For the last 3 years, her daughter had meticulously docu-
mented episodes, occurring every 3 days and lasting for hours, during which she
would obsess about a thought or object, and subsequently experience rapid irregular
breathing, posturing, and jerking of her limbs. Examination in the office revealed
Hoehn and Yahr stage IV parkinsonism, with a magnetic resonance imaging consis-
tent with vascular parkinsonism. She had been taking carbidopa/levodopa 25/100
three times daily. She was admitted to the hospital in order to observe and film an
episode. During the event, she was awake, followed commands intermittently, and
demonstrated respiratory dysrhythmias, myoclonic jerks, and a fixed forward gaze. A
diagnosis of oculogyric crisis was made, and elimination of levodopa and introduc-
tion of 0.5 mg of benztropine mesylate three times a day terminated the events. She
died 2 years later, and autopsy confirmed the diagnosis of vascular parkinsonism.

INTRODUCTION

Exposure to most centrally acting dopamine receptor-blocking agents (DRBAs)
can cause a variety of movement disorders. Neurologists characterize the move-
ment disorders according to their natural history when the causative agent is
stopped: they can be self-limited and have short duration, or they can be long-
lasting. The self-limited movement disorders usually appear shortly after exposure
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to the DRBA and resolve quickly after the agent is stopped. The most common
short duration disorders are acute dystonic reactions, including oculogyric crises
and acute akathisia. The long duration movement disorders usually appear after
chronic exposure to the DRBA and may last a lifetime or for many years after the
DRBA is stopped. The long-duration disorders usually consist of dyskinesias, dys-
tonia, or akathisia. Occasionally, other movement disorder symptoms, such as myo-
clonus, tics, or tremors, have been attributed to DRBA exposure.

Despite the usefulness of the distinction between acute and tardive drug-induced
movement disorders, the line between the two is sometimes blurred, especially in
the older literature. There have been reports of recurrent acute dystonic reactions
(1), and tardive movements that typically appear after prolonged exposure may
appear after as little as 1 week of neuroleptic exposure. Whenever possible, we try
to distinguish between acute and tardive symptoms. In addition, many patients with
tardive syndromes have a combination of symptoms, and it can be difficult to sepa-
rate the effects of dystonia, dyskinesias, and akathisia. It is also important to re-
member that other centrally acting dopamine receptor blockers besides neuroleptics
may case tardive syndromes, including antinausea agents such as prochlorperazine
(2) and metaclopramide (3), and calcium channel blockers such as flunarizine and
cinarizine (4).

Tardive symptoms may be mild and barely bothersome to the sufferer (as is
frequently the case with oral-buccal dyskinesias), or they may cause severe dis-
comfort (as is often the case with DRBA-induced dystonia and akathisia). Occa-
sionally, these movement disorders present as emergencies, sometimes as
life-threatening events, hence their inclusion as movement disorder emergencies.

TARDIVE RESPIRATORY PHENOMENA

Respiratory compromise rarely occurs with idiopathic dystonia; rather, it gener-
ally occurs in the setting of a severe exacerbation of symptoms called dystonic
storm (5). Respiratory compromise probably occurs more commonly with DRBA-
associated dystonia than with idiopathic dystonia. The majority of reported cases
seem to be associated with acute dystonic reactions (6). Several of these cases have
been associated with stridor, and presumably most occur because of dystonia of the
larynx and or pharynx (6). However, in several cases, respiratory compromise with
hypoxia occurred in the setting of chronic neuroleptic use, and tardive dystonia was
the probable underlying condition (7,8). Respiratory compromise may also occur
from aspiration in the setting of dysphagia.

The prevalence of respiratory irregularity in patients with tardive syndromes
was estimated as 7.4% (9). Patients may have a variety of findings: irregular respi-
ration, grunting, sighing, humming, gasping, and choking (9). At the time of that
study, dystonia was not widely recognized as a tardive symptom, so the exact un-
derlying tardive symptoms cannot be known for certain. We have seen patients
with respiratory irregularities that have had exclusively oral-buccal dyskinesias.
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However, idiopathic cranial dystonia (Meige syndrome) is accompanied by respi-
ratory irregularity in as many as 5% of patients (10), so it is likely that patients with
tardive dystonia may also have this problem. Patients may have irregular respira-
tions and grunting. The irregularity appears to be asymptomatic in many cases, but
it can also present emergently as shortness of breath (11). Although some patients
with symptomatic respiratory dysrhythmia may have normal blood gases (11), some
apparently develop hypoxia and cyanosis (12). Although many of the reported cases
involve chronic respiratory dysrhythmia, in some of these cases doses of
neuroleptics were changed shortly before the acute episode, and respiratory involve-
ment may have been related to an acute dystonic reaction (12).

OTHER TARDIVE COMPLICATIONS

Dysphagia in varying degrees of severity has been reported in conjunction with
tardive syndromes. Tardive dystonia of the pharynx has been the presumptive diag-
nosis in some of these patients (13,14) but some may have just had oral-buccal
dyskinesias (9). In some patients, drug-induced parkinsonism has been hypoth-
esized to exacerbate dysphagia, or possibly be the sole cause (14). Choking, regur-
gitation of food, and weight loss are the usual symptoms. In some cases, these
symptoms are accompanied by aspiration and recurrent pneumonia (9).

Since the early 1980s, there have been a series of case reports ascribing suicidal
ideation, suicide attempts, or completed suicide in akathisia (15). Some of these
cases appear to occur in the setting of acute akathisia, whereas the akathisia in other
cases persists for so long that tardive akathisia is probably the underlying condition
(15). Many of these patients have underlying psychiatric disorders, such as depres-
sion and schizophrenia, that may also be associated with suicidal ideation. Some
authors have questioned the association between suicide and akathisia (16). How-
ever, there are reports of suicidal ideation in patients with no psychiatric history
who developed akathisia from gastrointestinal DRBAs (17).

Tardive dystonia can be severe and interfere with functions normally performed
by the affected body parts. Severe jaw-closing dystonia can make it difficult or
impossible for patients to take oral food. Severe jaw-opening dystonia can make
chewing impossible, limiting patients to liquid nutrition. Severe lingual dystonia
can make it impossible for patients to pass the bolus of food to the posterior phar-
ynx where swallowing can be initiated. These patients may be unable to eat solid
food even when swallowing itself is normal. Dystonia or dyskinesias may make
walking difficult and lead to falls and fractures, as has been reported several times
(18,19). The risk of fractures may be higher in the presence of osteoporosis. When
severe, truncal dystonia can make sitting and lying difficult, which quickly leads to
an emergency presentation. There is at least one report of a patient who developed
myoglobinuria associated with severe tardive dystonia (20). There are also rare
patients who develop intractable vomiting as a result of air swallowing, presum-
ably related to pharyngeal dystonia (8).
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OCULOGYRIC CRISIS

The phenomenon of oculogyric crisis was first described in patients with en-
cephalitis lethargica. A form of acute dystonia, it takes its name from the tendency
of the eyes to deviate, although eye movements are only part of the syndrome.
Sacks (21) elegantly summarized the panoply of disturbances in postencephalitic
crises: “among the common accompanying symptoms we have observed in oculo-
gyric crises are the following: opisthotonus and generalized rigidity, intense terror
or rage, thalamic pain and anguish, multiple autonomic symptoms (sometimes ac-
companied by conspicuous tachycardia and hypertension), hypervigilance, extreme
motor urge, akathisia, complex reiterative movements and ticking, forced gasping
and gagging, loud phonation, tachyphemia and tachypraxis, pallilalia and verbig-
eration, obsessional and sometimes delusional remuneration, and—in all crises—
some degree, and in the worst crises a profound degree, of catalepsy and/or block.”

Oculogyric crises are most commonly seen following exposure to neuroleptics,
and crises may occur as acute or tardive phenomena (1,11). The incidence of oculo-
gyric crises in patients treated with chronic neuroleptics may be as high as 10%
(11), and in one report of 24 children accidentally exposed to haloperidol, 14 devel-
oped oculogyric crises (22). Tetrabenazine (23), gabapentin (24), domperidone (25),
carbamazepine (26), and lithium carbonate (27) have all been reported to trigger
oculogyric crises. Sacks (21) reported that levodopa initially suppressed crises in
postencephalitic patients, although it later enhanced their severity and intensity.
Oculogyric crisis may occur in patients with dopa-responsive dystonia, and in one
such patient, treatment with levodopa eliminated both dystonia and crises (28).
There are also credible reports of oculogyric crises associated with structural brain
lesions, such as bilateral paramedian thalamic infarction (29), herpes encephalitis,
cystic glioma of the posterior third ventricle (30); and as the initial manifestation of
Wilson’s disease (31).

TREATMENT

The treatment of acute dystonic reactions is usually easy. Anticholinergics or
antihistamines generally abort the dystonia within minutes when given by the intra-
venous route. Regardless of their cause, acute oculogyric crises can be terminated
with injection of intravenous anticholinergics or diphenhydramine. Twenty-five or
50 mg of intravenous diphenhydramine is readily available in hospital emergency
rooms and is probably the treatment of choice for this condition. Oral clonazepam
may be effective for patients with chronic neuroleptic-induced oculogyric crises
that are resistant to anticholinergics (32).

Acute akathisia can also usually be controlled with propranolol or benzodiaz-
epines until it resolves. It is much more difficult to treat tardive syndromes. Dis-
continuation of the DRBA, when possible, is sometimes—but not
always—effective. When persistent, or when the DRBA cannot be stopped, treat-
ment of tardive syndromes is difficult and beyond the scope of this review. Atypi-
cal neuroleptics, such as clozapine, may allow symptoms to abate with continued
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therapy. Dopamine depletors, such as reserpine or the investigational medication
tetrabenazine, are probably the most effective agents, but they can cause depres-
sion, hypotension, and drug-induced parkinsonism (33–35).
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Hemiballism–Hemichorea

Ronald B. Postuma and Anthony E. Lang

PATIENT VIGNETTES
Patient 1: A 69-year-old man was followed at the Toronto Western Hospital with

a 7-year history of Parkinson’s disease (PD). Other past medical history included
diabetes, coronary artery disease, and a previous stroke involving the right frontal
lobe. Two weeks before presentation, he noticed the acute onset of involuntary move-
ments of the left side, predominantly affecting the arm but also involving the leg and
face. They tended to worsen soon after taking his levodopa. Clinical examination
showed choreic movements of the left arm. Interestingly, the bradykinesia and rigid-
ity were significantly ameliorated on the left side. Magnetic resonance imaging (MRI)
examination demonstrated an infarction of the posterior putamen and globus pallidus,
extending upwards into the periventricular white matter (see Fig. 1). Dopaminergic
medications were decreased, resulting in improvement of his symptoms. During his
admission, he began to have spontaneous improvement in symptoms, and did not
require therapy.

This case illustrates several points. The first is that although stroke is the most
common single cause of hemiballism, lesions are often outside of the subthalamic
nucleus. The second is that prognosis is often benign. The third is that dopaminergic
medications (in this case, levodopa) worsen hemiballism, just as dopamine antago-
nists treat it. Finally, we note the fortuitous effect of his stroke on his PD, perhaps as
a result of infarction of the motor globus pallidus interna.

Patient 2: A 24-year-old woman had a 5-year history of multiple sclerosis with
frequent relapses. She presented with parasthesias and left-sided incoordination asso-
ciated with mild involuntary movements. As her sensory symptoms and coordination
improved, involuntary movements increased in amplitude and became more violent,
predominantly in the left arm and leg. Over time, smaller amplitude movements be-
came evident on the right side, and these also progressed over time. MRI examination
demonstrated numerous white matter lesions, including a large plaque in the area of
the right subthalamic nucleus (Fig. 2). The ballismus persisted despite trials of
pimozide, trifluoperazine, haloperidol, tetrabenazine, bromocriptine, sodium
valproate, diazepam, and carbamazepine. A stereotactic thalamotomy provided no
benefit, and was complicated by transient hemiparesis and postoperative epilepsy.
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Fig. 1. Axial fluid-attenuated inversion-recovery (A) and high-resolution coronal T2-
weighted (B) 1.5 Tesla magnetic resonance images of a 69-year-old man 2 weeks after the
sudden development of hemiballism. An infarct is visible in the right striatum. On coronal
images, an old right frontal infarct is also visible.

Over the next 5 years, she developed severe dystonia and athetosis of the left side. As
the dystonia developed, the ballistic movements diminished.

This patient illustrates the more severe end of the spectrum of hemiballismus,
with complete resistance to treatment. Hemiballism can be caused by any type of
focal basal ganglia lesion, in this case a demyelinating plaque.

CLINICAL DESCRIPTION AND EPIDEMIOLOGY

Hemiballism is one of the most dramatic disorders in neurology. Because of its
acute onset, it is frequently seen in the emergency room. Typically, the patient
presents with an acute or subacute onset of flinging movements of one side of the
body. These tend to occur both in the arm and leg, with variable involvement of the
face. Movements often have a rotatory component and usually predominantly af-
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fect proximal muscles. They can be severe enough to cause the patient to strike
walls and bedrails, causing bruising and lacerations of the limb. Movements in-
crease with action and stress, and are only rarely suppressible for more than a few
seconds. They disappear in sleep. Hemichorea refers to movements that are similar
in character but lower in amplitude, affecting both the distal and proximal limb.
There is probably little pathophysiologic difference between the two movement
disorders, as they share common etiologies, prognosis, and treatment. In fact, they
can often be present in the same patient, with hemiballism more prominent early,
and the lower amplitude hemichorea emerging as the disorder resolves. Therefore,
for the purposes of this chapter, we consider them to be the same disorder, and use
the terms interchangeably. Bilateral ballistic movement (“bi-ballism,” or “para-bal-
lism” if lower limbs are predominantly involved) is very uncommon, and occurs
with bilateral central nervous system lesions.

Hemiballism is an uncommon disorder, and most general neurologists would
not expect to see more than a handful of cases in their career. Dewey and Jankovic
reported 21 patients with hemiballism out of 3084 patients evaluated in a specialty
movement disorder clinic (1). Of 2000 strokes in the Lausanne stroke registry, 550
involved basal ganglia structures, but only 11 caused hemiballism (2). In most se-
ries, the mean age of onset is between 55 and 75 years, although many series are
derived from subspecialty clinics, which may be biased because they generally see
younger, more atypical patients. There is no clear gender predominance.
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ETIOLOGY

Historically, hemiballism has been considered one of the most localizable symp-
toms in neurology—pathognomonic of a lesion of the subthalamic nucleus (STN).
This thinking has been based on animal research, which suggested that hemibal-
lism was reliably evoked by ablation of at least 20% of the STN (see “Pathophysi-

Fig. 2. Axial fluid-attenuated inversion-recovery sequence magnetic resonance image of
a 24-year-old woman with multiple sclerosis demonstrating a plaque (arrow) in the area of
the right subthalamic nucleus. (Reprinted with permission from ref. 15.)
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ology”). Review of the more recent literature, however, suggests that the STN is
not the site of the lesion in the majority of cases.

Stroke is without question the single most common cause of hemiballism. In
most cases, these are small-vessel lacunar infarcts commonly associated with dia-
betes or hypertension. However, conditions such as vasculitis and hypercoagulable
states are other causes. In early series of patients with hemiballism, the STN was
considered the most common site of stroke. In most of these cases, however, au-
topsy was not performed, and modern neuroimaging was not available. More re-
cently, it has become clear that hemiballism can be caused by infarcts or
hemorrhages in a variety of locations both inside and outside the basal ganglia.
Stroke causing hemiballism was localized to the STN in only 4 of 27 cases reported
by Ristic (3), 4 of 11 cases in the Lausanne stroke registry (2), and 4 of 11 cases
reported by Dewey and Jankovic (1). However, for some of these patients, only
computed tomography imaging was performed, and STN lesions could have been
missed. In sum, although stroke is the most common cause of hemiballism, the
minority of these infarcts involve the STN directly.

More recent attention has been drawn to hemiballism associated with nonketotic
hyperglycemia. With more than 60 reported cases, it may be the second most com-
mon cause worldwide. The condition has been described most in the Asian popula-
tion. A typical patient is elderly, female, and presents with hemiballism and severe
nonketotic hyperosmolar hyperglycemia (4). As the blood glucose is corrected, the
disorder usually resolves completely, although in 20% of patients mild symptoms
persist for more than 3 months. Neuroimaging findings in these patients are strik-
ing. In all reported cases, high signal is seen on T1-weighted images in the puta-
men, with similar signal occasionally found in the globus pallidus and remainder of
the striatum (4). This finding usually clears when the movements subside. Two-
thirds of patients also have high signal abnormalities on T2-weighted sequences,
and some have corresponding abnormalities on diffusion-weighted imaging (4,5).
Pathological studies in two patients several months after symptoms resolved dem-
onstrated significant gliosis, predominantly with gemistocytic astrocytes (6,7). This
might represent a reaction to microinfarction, although no blood vessel abnormali-
ties were visualized and prominent gemistocytic infiltration would be an atypical
response to infarction. The cause of this striking condition remains unknown.

Numerous other causes of hemiballism have been reported and are summarized
in Table 1. These include mass lesions involving the basal ganglia or STN, medical
diseases that predispose to infarction or hemorrhage, medications, and surgical le-
sions of either the STN or other basal ganglia structures.

PATHOPHYSIOLOGY

Much of our understanding of the pathophysiology of hemiballism derives from
classic animal models of lesions of the STN. The original experiments were carried
out by Whittier and Carpenter in 1949 and 1950 (8). In these experiments, numer-
ous lesions of the basal ganglia were created in primates, and their behavioral ef-
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Table 1
Causes of Hemiballism

Common
Stroke (ischemic or hemorrhagic) in basal ganglia structures,

most commonly lacunar
Nonketotic hyperglycemia

Uncommon or single case reports
Focal lesions in basal ganglia

Neoplastic
Metastases
Primary central nervous system tumors

Infectious
Cryptococcal granuloma
Toxoplasmosis
Tuberculoma

Vascular
Cavernous angioma
Postsurgical complications

Inflammatory
Multiple sclerosis

Iatrogenic
Subthalmotomy
Thalamotomy

Other mass lesions
Cerebellar metastases

Strokes in nonbasal ganglia areas
Subcortical white matter
Middle cerebral artery territory

Immunologic disorders/vasculitis
Systemic lupus erythematosus–often with anticardiolipin antibodies
Scleroderma
Bechet’s disease

Hypoglycemia
Meningitis/encephalitis

Cryptococcal
Tuberculous

Sydenham’s chorea
Head injury
Medications (usually superimposed on pre-existing basal ganglia lesion)

Anticonvulsants
Oral contraceptives
Levodopa
Ibuprofen

fects monitored. Contralateral hemiballism could be reliably produced only by le-
sions that destroyed more than 20% of the STN. Lesions in some areas of the glo-
bus pallidus were occasionally associated with hemiballism, and it was postulated
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that these were the result of a disruption of connections to the STN. A second lesion
to some areas of the globus pallidus interna (GPi) could abolish the movements.
Crossman injected -aminobutyric acid antagonists, which affect neuronal cell bod-
ies but not axons, into various basal ganglia locations in alert monkeys (9). Again,
only STN injections were capable of reliably causing hemiballism, confirming that
the effects are caused by lesioning of neuronal cell bodies and not by white matter
tracts in the region. Injections in the lateral globus pallidus were occasionally asso-
ciated with slower hemichoreic/hemiathetoid movements. This may be analagous
to hyperglycemic hemichorea, in which the areas predominantly affected are the
putamen and GPi, and movements tend to be slower than those after a lesion of the
STN. As a result of these and other investigations, it has been postulated that STN
lesions interrupt the excitatory connections to the GPi, resulting in hypoactivity of
the GPi. This disinhibits the motor thalamus, which in turn drives the motor cortex,
resulting in excessive movement (10). This simple model, which is based predomi-
nantly on neuronal firing rates, does not explain the mechanism of hemiballism
caused by lesions outside of the STN, why movements are ballistic and intermit-
tent, and why lesioning of the apparently hypoactive GPi is capable of abolishing
hemiballism. Nor does it adequately explain why dopamine antagonists, which are
generally believed to have their major effect at the level of the striatum, are espe-
cially effective in ameliorating hemiballism (see “Management”). Finally, it does
not explain why subthalamotomy and subthalamic nucleus stimulation for
Parkinson’s disease are only very uncommonly complicated by hemiballism (11).

Some additional recent insights have come from electrophysiological studies of
three patients undergoing pallidotomy for hemiballism, in which microrecording of
individual GPi neurons was obtained. All three patients had a vascular lesion as the
presumed cause, two of these localized to the STN and one with a much more
extensive infarct (12–14). The two cases with STN lesions had firing rates of GPi
neurons that were lower than expected normal values, whereas the third had a rate
probably within the normal range. However, all three demonstrated an altered fir-
ing pattern, with intermittent bursts followed by pauses. Electromyogram exami-
nation of one case demonstrated that for some individual GPi neurons, ballistic
movements correlated with pauses in firing. This suggests that the temporal pattern
of GPi neuronal activity rather than the overall rate of firing is important in hemibal-
lism, and that brief pauses in GPi firing may be responsible for the generation of
ballistic movements.

PROGNOSIS

In the early literature, hemiballism was thought to carry a grave prognosis. Ex-
haustion and self-injury could cause significant morbidity, and at a time when medi-
cal therapy was unavailable, measures as extreme as limb amputation were
sometimes considered. However, it has become clear that the natural history of
hemiballism is much more benign than previously thought, and numerous effective
treatments are now available. Because most cases are treated medically, the natural
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history of hemiballism is unknown. Most cases will resolve spontaneously, usually
in a few months to a year. Hyland and Foreman presented 14 patients with hemi-
chorea, 12 of whom had spontaneous resolution within 3 months (16). In the series
by Johnson and Fahn, six patients stopped treatment after mean treatment duration
of 27 days, and only two had a recurrence of movements (17). Finally, in a series by
Klawans, only 3 of 11 patients required long-term perphenazine therapy (17,18).
As mentioned previously, hemiballism associated with hyperglycemia usually im-
proves over hours to days. The tendency for hemiballism to spontaneously improve
should be considered when planning treatment, and also when interpreting reports
of responses to treatment in the literature.

Although the prognosis of hemiballism is relatively benign, recent findings have
raised concern about the long-term prognosis related to recurrent cerebrovascular
disease. Ristic found a 50% mortality rate at 18 months in patients who had devel-
oped hemiballism from a stroke (3). This is compared with an expected mortality
rate after lacunar infarction of approx 15% at 5 years. Other series, although not
directly examining mortality, did not seem to find a similar outcome.

MANAGEMENT

An algorithm for treating hemiballism is presented in Fig. 3. The first priority in
the management of hemiballism is to look for reversible causes. Hyperglycemia
and infectious and neoplastic lesions of the basal ganglia should be excluded. Treat-
ment of the underlying cause may resolve the hemiballism, although severely af-
fected patients may still require concomitant pharmacologic therapy. If stroke is
the cause, standard stroke management such as antiplatelet therapy and secondary
preventive measures such as blood pressure control and normalization of blood
sugar must be implemented. The next step is to decide whether hemiballism is se-
vere enough to warrant therapy. As mentioned previously, many cases will be mild
and the majority of these will improve spontaneously. If therapy is required,
nonpharmacological therapy, such as padding of the affected limb, should be con-
sidered. Attention should be paid to systemic complications such as exhaustion,
dehydration, and rhabdomyolysis. In the very rare case of extremely severe
hemiballism causing dangerous complications, patients may require sedation or
even intubation with neuromuscular blockade as a temporary bridge until effective
pharmacological therapy is instituted.

Antidopaminergic therapy is the mainstay of treatment for hemiballism. The
best studied medications are typical neuroleptics such as haloperidol, perphenazine,
pimozide, and chlorpromazine (8,19,20). However, dopamine-depleting drugs, par-
ticularly tetrabenazine, can also produce marked benefit similar to that obtained
with neuroleptics (20). Given the minimal risk of tardive dyskinesia or acute dys-
tonic reactions associated with its use, tetrabenazine is our preferred treatment for
patients with persistent hemiballism who require ongoing dopaminergic blockade.
Dosage can start at 12.5 mg two or three times daily and be titrated upward to a
maximum of 250 mg per day. The speed of the titration and the maximum dose
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Fig. 3. Treatment algorithm.
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depends on the severity of symptoms and the initial response to therapy. Clinicians
should remain vigilant for the emergence of depression and orthostatic hypotension
as side effects of tetrabenazine (in addition to drug-induced parkinsonism and
akathisia). Blood pressure reduction may be a dose-limiting side effect if rapid
titration is required for severe hemiballism.

If tetrabenazine is unavailable, ineffective, or causes severe side effects, or if the
patient has a history of severe depression, typical neuroleptics should be tried. Al-
though there are a wide variety of neuroleptics that may work, we favor haloperi-
dol, starting at a dose of 0.5 to 1 mg twice daily, and titrating upwards as needed. In
emergency situations, this can be given as an intramuscular dose of 1 mg and, if
ineffective, 2 mg can be given 4 hours later. If there is still no improvement, 4 mg
every 4 hours or even higher doses can be used, with subsequent attempts at down-
ward titration if movements are successfully suppressed (21). In urgent situations,
tetrabenazine and haloperidol can be given together, to take advantage of their dif-
ferent mechanisms of action. The side effects of typical neuroleptics are well
known, and will not be elaborated on further. However, one somewhat unique prob-
lem encountered with dopamine antagonists in hemiballism, especially in the eld-
erly, is the development of drug-induced parkinsonism on the nonhemiballistic side.
When this problem occurs before substantial benefit to the hyperkinetic movements,
one may see an impressive combination of persistent hemiballism and contralateral
parkinsonism, both causing disability. Conversely, in the case of rapid medication
titration for severe hemiballismus, one can see a delayed-onset parkinsonism that
may require subsequent downward titration of antidopaminergic therapy.

Response rates to dopamine-antagonist drugs are on the order of 90%, with quite
dramatic reductions often achieved (2,17,18). If typical neuroleptics fail, it is un-
likely that other medications will have a dramatic effect. However, positive results
have also been obtained with atypical neuroleptics such as risperidone, olanzapine,
and clozapine, and with other presynaptic dopamine-depletors such as reserpine
(8,19,20). In addition, there have been reports of effective treatment with
clonazepam, valproic acid, trihexyphenidyl, and amitriptyline (8,19,20).

If effective, treatment should be maintained for a period of approx 3 months
after which the medication should be gradually withdrawn. It is likely that the ma-
jority of patients will not have a significant recurrence. If pharmacological therapy
is ineffective and patients have severe unremitting hemiballism for at least 3 months
(or shorter, if symptoms have life-threatening consequences), surgical intervention
may be appropriate. The procedure with the greatest reported experience is ventro-
lateral nucleus thalamotomy, with slightly fewer than 30 patients reported. Here
the lesion is placed in the ventral anterior/ventral lateral thalamus, which is the
region that receives basal ganglia (GPi, substantial nigra pars reticulata) outflow, in
contrast to the ventral intermedial thalamotomy used for tremor, which is directed
more posteriorly to the area that receives cerebellar input. Krauss and Mundinger
have reported the largest series, with 13 patients followed for more than 3 years
(22). Of these 13 patients, 11 had significant improvement in their hemiballism.
Side effects were few, with one patient suffering a transient hemiparesis, and two
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with mild persistent dystonia. Another good option is GPi pallidotomy, with nu-
merous case reports of successful treatment (12–14,22). No large-scale series to
date have thoroughly evaluated the efficacy of this approach. Finally, with the de-
velopment of deep brain stimulation (DBS) of the pallidum or thalamus, this ap-
proach has become an option for the treatment of hemiballism. This is anticipated
to have clinical effects similar to lesioning. However, many of the advantages of
DBS, such as the greater safety of bilateral procedures (obviously irrelevant in
hemiballism), and the ability to change stimulation parameters as the disease
progresses (less crucial for static processes, such as those that cause hemiballism)
are less important than for other conditions such as Parkinson’s disease. This, in
addition to the potential for long-term DBS hardware complications such as infec-
tion, breakage, and battery failure, argue for lesioning as the surgical treatment of
choice in those rare patients who require surgery. Although no studies comparing
thalamotomy to pallidotomy have been performed (and given the rarity of persis-
tent hemiballism, it is very unlikely that they ever will be), based on our experience
with modern pallidotomy for movement disorders we would favor pallidotomy di-
rected at the sensorimotor ventroposterior medial pallidum as the surgical treat-
ment of choice.

CONCLUSION

In summary, the view of hemiballism as a disorder localized to the STN carrying
a grave prognosis is incorrect. Hemiballism has a variety of causes, most com-
monly basal ganglia stroke and hyperglycemia. Although impressive, it is gener-
ally benign and usually responds well to neuroleptic treatment. Treatment
complications and drug-resistant cases do occur, representing important therapeu-
tic challenges.
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Sydenham’s Chorea, PANDAS, and Other
Poststreptococcal Neurological Disorders

Roser Pons

PATIENT VIGNETTE
A 12-year-old boy developed hyperthyroidism secondary to Grave’s disease,

which was successfully treated with I-131 treatment. Several months later, pharyn-
geal infection with group A -hemolytic Streptococcus was documented by throat
culture and subsequent rise in antistreptolysin O titer. He was treated with oral antibi-
otics, and 2 weeks later developed insidious, progressive chorea, incoordination with
right hemibody, and imbalance. Examination revealed moderate chorea affecting the
eyes, arms, and legs, incoordination of fine hand movements, motor impersistence on
hand grip and tongue protrusion, and near inability to walk. He was treated with
valproic acid, and his symptoms resolved within 3 weeks.

INTRODUCTION

In 1686, Thomas Sydenham described the entity that bears his name as a syn-
drome of involuntary, purposeless, rapid movements of the limbs accompanied by
muscular weakness and emotional lability. Bouteille in 1810 and Bright in 1831
later recognized the association of chorea with rheumatic fever (RF) (1). In 1889,
Cheadle described the full rheumatic syndrome of carditis, polyarthritis, chorea,
subcutaneous nodules, and erythema marginatum. Subsequent epidemiological and
microbiological studies confirmed the link between Streptococcus, Sydenham’s
chorea, and RF. Since 1944, chorea has been included as one of the major criteria in
the diagnosis of RF (2).

During the second half of the 20th century, behavioral and emotional difficulties
in patients with Sydenham’s chorea were increasingly recognized (3,4). In the
1980s, in the setting of an outbreak of group A streptococcal infection, a group of
patients with acute, explosive tics and psychiatric disorders were recognized. The
clinical phenotype of postinfectious immune-mediated neurobehavioral syndromes
mimicking Tourette’s syndrome was termed pediatric autoimmune neuropsychiat-
ric disorders associated with streptococcal infections (PANDAS) (5).
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Recent reports have suggested that the spectrum of poststreptococcal central
nervous system (CNS) disease is broad, including a number of hyperkinetic move-
ments and behavioral abnormalities. A subgroup of patients with acute dissemi-
nated encephalomyelitis with basal ganglia lesions, dystonia, and emotional lability
associated with streptococcal infection was identified (6). Other reports of post-
streptococcal CNS disorders include acute myoclonus (7), dystonia with isolated
striatal necrosis (8), and paroxysmal dystonic choreoathetosis (9). These reports,
together with the finding of antineuronal antibodies in many of these diseases, have
raised the hypothesis of a common autoimmune pathophysiological mechanism (10).

CLINICAL FEATURES AND DIAGNOSIS

Sydenham’s Chorea
Sydenham’s chorea is the neurological manifestation of RF. A major criterion

for the diagnosis of acute RF, chorea alone is sufficient to make this diagnosis (2).
The portion of patients with RF who develop chorea and their associated clinical
features vary according to temporal and geographic factors (11–13). Usually
Sydenham’s chorea begins after a prolonged latent period following group A strep-
tococcal infection. Patients develop chorea 4 to 8 weeks after an episode of strepto-
coccal pharyngitis (14), but a delay of several months has also been described (15).
Chorea may begin acutely or subacutely. The age of presentation ranges from 5 to
15 years, and there is a female preponderance (11–17) (Table 1).

The main features of Sydenham’s chorea are involuntary, random, purposeless,
nonrhythmic, sudden, brief movements. They flow from one body part to another,
and patients often appear restless. Chorea spreads rapidly, although in 20–30% of
cases it remains unilateral (11,14,16,17). Chorea is often severe enough to be dis-
abling, and in rare cases may prevent the patient from walking (11,16). Patients
display motor impersistence, noticeable during tongue protrusion or when sustain-
ing muscle contraction. Muscle tone is usually decreased. In rare cases, symptoms
are so severe that the patient becomes bedridden (so-called “paralytic chorea”).
Other neurological features include dysarthria, weakness, clumsy gait, hypometric
saccades, and hung-up reflexes (11,15). Motor and vocal tics can also occur, and
oculogyric crises have been reported (11) (Table 1).

Psychiatric symptoms are common in Sydenham’s chorea. These include obses-
sive-compulsive symptoms, attention deficit hyperactivity disorder (ADHD), ma-
jor depressive disorder, and separation anxiety (3,18,19) (Table 1). Clinical features
of RF accompanying chorea, such as cardiac involvement, have been reported in 10
to 84% of patients (11,12,24). Arthritis is seen in up to 30% (11) (Table 1).
Sydenham’s chorea is a self-limited condition, usually spontaneously remitting af-
ter 2 to 6 months (15,16). In some patients it may last up to 2 years, and in rare
cases it persists (12,20). Chorea may recur, and the incidence of recurrences may
be as high as 20 to 60% (12–16). Recurrences may be induced by re-infection with
Streptococcus, birth control pills, and pregnancy (“chorea gravidarum”) (Table 1).

Diagnosis relies on clinical findings of acute chorea with a history of prior Strep-
tococcus infection. Because chorea is generally a late manifestation of RF, it is
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unusual to find clinical evidence of acute streptococcal infection (2). Elevated
acute-phase reactants and antistreptoccocal antibodies (antistreptolysin O,
antiDNAse-B antibodies) may be absent in patients with isolated chorea (13,16).
The electroencephalogram may show nonspecific abnormalities (17), and brain
magnetic resonance imaing (MRI) is usually normal, although reversible
hyperintensities in the basal ganglia have been reported (21,22) (Table 1).

PANDAS

PANDAS is a contested diagnostic entity applied to children with tics and/or
obsessive-compulsive symptoms temporally linked to prior streptococcal infection.
These patients show a relapsing remitting course, often with significant psychiatric
comorbidity. Clinical criteria for this condition include the following: (1) presence
of tics and/or obsessive-compulsive disorder; (2) prepubertal symptom onset; (3)
episodic course of symptom severity; (4) association with group A streptococcal
infections; and (5) association with neurological abnormalities (5).

In 1998, Swedo (5) reported clinical features of the first 50 patients diagnosed
with PANDAS. The age of presentation ranged from 3 to 10 years, with a male
preponderance. Forty-eight percent of the patients presented with acute obsessive-
compulsive symptoms, and 52% presented primarily with motor and vocal tics.
The severity of obsessive-compulsive symptoms and tics was moderate on average,
and comorbid psychiatric symptoms were common. Patients typically presented
abruptly, with significant distress. The most prevalent psychiatric diagnoses were
ADHD, affective disorders, and anxiety disorders. Choreiform movements de-
scribed as small, jerky movements occurring irregularly and arrhythmically in dif-
ferent muscles were noted in half of the patients. No child had overt chorea (5)
(Table 1). The clinical course was episodic, characterized by a waxing and waning
course and abrupt onset of symptoms. Symptom onset and exacerbations were tem-
porally related to preceding streptococcal infection. Such infection was not always
proven, although each child had at least one symptom exacerbation that was pre-
ceded by a documented streptococcal infection within the prior 6 weeks (5) (Table 1).

The diagnosis of PANDAS is based on the five inclusion criteria mentioned
above. In order to prove the temporal association with Streptococcus, elevation of
antistreptoccocal titers with onset and exacerbations, followed by falling titers with
symptom remission, is required (5).

Poststreptococcal Acute Disseminated Encephalomyelitis
Acute disseminated encephalomyelitis is a postinfectious or postvaccination in-

flammatory disease of the CNS. The pathological hallmark is scattered foci of de-
myelination throughout the brain and spinal cord. Various viral and bacterial
pathogens have been associated with this condition (23). A subgroup of patients
with acute disseminated encephalomyelitis associated with streptococcal infections
had been reported (6). Recently, Dale (6) presented 10 patients with
poststreptococcal acute disseminated encephalomyelitis. Extrapyramidal manifes-
tations were present in 50% of the patients: four had dystonia, three had axial and
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limb rigidity, and two had resting tremor. Behavioral problems were seen in seven
patients. Streptococcal serologies were significantly elevated in all patients, and
80% showed basal ganglia lesions on neuroimaging. Thalamus, subthalamus, and
substantia nigra were also involved in 60, 30, and 50% of the cases, respectively
(Table 1).

Poststreptococcal Acute Myoclonus
In 1998, three patients with acute-onset myoclonus following streptococcal in-

fection were reported (7). Myoclonus was generalized in two patients and segmen-
tal in another. In one patient, myoclonus was associated with behavioral change,
including aggression and hyperactivity. Streptococcal serologies were elevated in
all patients (Table 1).

Poststreptococcal Autoimmune Dystonia
With Isolated Striatal Necrosis

Bilateral striatal necrosis is an acute onset extrapyramidal disorder that may oc-
cur following a variety of infections. Neuroimaging shows symmetric lesions in the
striatum (24). Two patients with isolated striatal necrosis occurring shortly after a
streptococcal pharyngitis were reported (8). One patient presented with an acute
neurological illness, with weakness, ataxia, and dystonic posturing followed by
rigidity and tremor, oropharyngeal incoordination, and generalized chorea. The sec-
ond patient presented with lethargy, episodic dystonic posturing, ataxia, and emo-
tional lability. Cerebrospinal fluid protein concentration was elevated in both
patients. Brain MRI showed selective striatal abnormalities. Streptococcal serolo-
gies were elevated and convalescent serology showed a reduction in titers (Table 1).

Poststreptococcal Paroxysmal Dystonic Choreoathetosis
There is one reported case of paroxysmal dystonic choreoathetosis occurring

one week after a streptococcal pharyngitis (9). This patient presented with acute
onset of paroxysmal episodes of dystonic posturing, choreoathetosis, visual hallu-
cinations, and immature behavior lasting minutes to hours. The episodes occurred
several times day, and symptoms fluctuated, lasting 6 months. Streptococcal se-
rologies were elevated, and convalescent serologies showed a reduction in titers
(Table 1).

PATHOPHYSIOLOGY

The basal ganglia is believed to be the source of the problem in Sydenham’s
chorea and other poststreptoccocal movement disorders. This is supported by the
known role of the basal ganglia in motor and behavior control, and by postmortem
and neuroimaging studies in patients with Sydenham’s chorea. Early pathological
reports of Sydenham’s chorea showed inflammatory changes involving the basal
ganglia and, to a lesser extent, the cortex (1). MRI has shown signal abnormalities
in the striatum in some patients with Sydenham’s chorea (21,22). Abnormal striatal
spectra consistent with neuronal damage have been reported in one patient with
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Sydenham’s chorea (22). Volumetric studies have demonstrated enlargement of the
caudate, putamen, and pallidum in patients with Sydenham’s chorea and PANDAS
(21,25). Furthermore, patients with poststreptococcal acute disseminated encepha-
lomyelitis showed basal ganglia lesions in 80% of the cases (6) and bilateral striatal
lesions were noted in the two patients previously mentioned with poststreptococcal
autoimmune dystonia with isolated striatal necrosis (8). Single-photon emission
computed tomography studies have also revealed hyperperfusion of the basal gan-
glia in some patients with Sydenham’s chorea (26).

Particular serotypes of the group A -hemolytic Streptococcus are involved in
RF and poststreptococcal disorders. The likely mechanism involves induction of
antibodies to the infection that crossreact with the basal ganglia. This is supported
by the induction of such antibodies when rats are immunized with the major viru-
lence factor of group A Streptococci (surface M protein) (10). Antibasal ganglia
antibodies have been found in 45–100% of patients with Sydenham’s chorea, and
their levels correlate with disease activity (27,28). A recent study showed that these
antibodies possessed specific immunoglobulin binding sites for large striatal neu-
rons, and that the binding was confined to tracts of neurons in the caudate head
(29). Antibasal ganglia antibodies have also been reported in other poststreptococcal
disorders, including PANDAS, acute disseminated encephalomyelitis, paroxysmal
dyskinesias, and striatal necrosis (6,8,9,30).

The autoimmune mimicry hypothesis is further supported by reports of benefit
from immunomodulatory treatment in some of these patients (6,31,32), and a re-
cent report of induction of hyperkinetic movements in rats after intrastriatal infu-
sion of serum with antibasal ganglia antibodies (33). However, this latter report has
not been confirmed.

Given the fact that RF and Sydenham’s chorea are more common in first-degree
relatives of affected patients (10), and the fact that obsessive-compulsive disorder
and tics are more common in family members of PANDAS patients (34), an under-
lying genetic predisposition has been proposed. The B-lymphocyte marker D8/D17
has been detected in high levels in patients with RF, Sydenham’s chorea, and PAN-
DAS supporting this concept (35,36). The biological function of this marker re-
mains undefined. In fact, it is fair to say that the relationship of streptococcal
infection with poststreptococcal CNS syndromes other than Sydenham’s is contro-
versial. Evidence of current or recent streptococcal infection in school children in
winter is common, and symptom exacerbations related to streptococcal or other
infections may represent a nonspecific response to stress (37). In addition, unlike
Sydenham’s chorea, no correlation between the production of autoantibodies and
severity of symptoms has been demonstrated, and no features of RF have been
reported to date.

TREATMENT

The symptoms of Sydenham’s chorea, PANDAS, and other poststreptococcal
CNS disorders can evolve rapidly, often requiring prompt intervention. Manage-
ment of poststreptococcal CNS disorders are discussed in these settings (Table 2):
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(1) symptomatic treatment of the acute movement disorder and/or psychiatric prob-
lem; (2) antibiotic therapy; and (3) immunotherapy.

Sydenham’s Chorea

Symptomatic Treatment
Sedatives, anticonvulsants, and neuroleptics have been used in the symptomatic

management of Sydenham’s chorea. Valproic acid is the anticonvulsant most
widely used for the treatment of Sydenham’s chorea. Several reports have shown
that valproic acid is effective for the treatment of Sydenham’s chorea, at doses of
10–25 mg/kg/day (17,38,39). Patients who respond to valproic acid may show a
marked reduction of involuntary movements within 1 week of treatment, although
slower onset of action has also been reported (38). Treatment is usually given for 4
to 8 weeks, although in cases where symptoms recur, patients may need to be treated
for a longer period (38). Carbamazepine has also been reported as a successful
treatment for Sydenham’s chorea (40). A noncontrolled study of low-dose
carbamazepine (4–10 mg/kg/day) showed improvement of chorea in 2 to 14 days.
Treatment was continued for 1 to 15 months (41). Recently, two prospective stud-
ies suggested that valproic acid and carbamazepine have similar efficacy and safety
in this patient population (17,39).

Because of the potential risk of tardive dyskinesias, dopamine receptor blockers
are typically reserved for situations when chorea is severe and refractory to other
treatments. Pimozide (1–2 mg twice a day) has been very effective, often control-
ling chorea within a few days (42,43). Haloperidol has also been used successfully,
although a recent study comparing valproic acid, carbamazepine, and haloperidol
suggested that haloperidol was the least effective of the three agents (39). Tetra-
benazine, a dopamine receptor blocker and monoaminergic depletory, may also be
useful, and has the advantage of carrying little to no risk of engendering tardive
syndromes.

Antibiotic Treatment
For prevention of rheumatic recurrences, continuous antibiotic prophylaxis

against further streptococcal infections is recommended. Monthly injections of 1.2
million U of benzathine penicillin G are recommended, although in populations
where the prevalence of rheumatic fever is high, injections every 3 weeks are indi-
cated. In areas where RF is no longer prevalent, 600,000 U of oral penicillin V
twice a day or 0.5 g of sulfadiazine twice a day will suffice. Treatment is main-
tained for several years, and the decision to discontinue depends on the
community’s rheumatogenic characteristics (44).

Immunotherapy
Immunomodulatory treatment is not routinely used in patients with Sydenham’s

chorea. However, corticosteroids have been successfully used in severe cases
(31,38). One noncontrolled prospective study showed marked improvement of cho-
rea within a few days of treatment. The duration of treatment ranged from a few
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days to 1 month. One patient experienced a recurrence of chorea after discontinua-
tion of treatment, requiring a total of 3 months of steroid therapy (31). Although
there are no guidelines for immunotherapy in Sydenham’s chorea, it is reasonable
to try a short course of steroids in severe cases in which symptoms fail to respond to
conventional treatment.

PANDAS

Symptomatic treatment
The neurospychiatric symptoms of PANDAS at onset or during acute exacerba-

tions may be severe (45). Symptomatic treatments include serotonin-specific
reuptake inhibitors for obsessive-compulsive symptoms, and clonidine and
neuroleptics for tics. However, often patients are refractory to treatment with stan-
dard agents (32).

Antibiotic Treatment
A recent, prospective study of patients with new-onset PANDAS and docu-

mented streptococcal infection (using penicillins or cephalosporins) produced im-
provement of the neuropsychiatric symptoms within 5 to 21 days (45). A
double-blind crossover study comparing penicillin prophylaxis to placebo in pa-
tients with PANDAS failed, however, to show any change in symptom severity.
The authors raised the possibility that failure to achieve acceptable antibiotic pro-
phylaxis may have explained the negative results (46).

Immunotherapy
A double-blind, randomized, placebo-controlled study compared either plasma

exchange or intravenous immunoglobulins with placebo in a group of 30 patients
with severe neuropsychiatric symptoms meeting criteria for PANDAS (32). One
month after treatment, patients who received plasma exchange or intravenous im-
munoglobulins showed significant improvement in obsessive-compulsive symp-
toms and psychosocial functioning. The plasma exchange group showed significant
improvements in tic severity, whereas the intravenous immunoglobulins group did
not. The beneficial effect was noted at the end of the first week in patients who
received plasma exchange and at 3 weeks in the patients receiving intravenous im-
munoglobulins. Benefits of treatment were maintained at 1 year in both groups.
Based on this single study, it appears that immunotherapy may be beneficial in
select cases. The authors were careful to stress that their study did not provide
support for generalized routine use. The decision to use immunomodulatory therapy
in children must be balanced with the potential immediate and long-term risks of
treatment.

Poststreptococcal Acute Disseminated Encephalomyelitis
Of the 10 patients, 9 reported with poststreptococcal acute disseminated encepha-

lomyelitis were treated with intravenous methylprednisolone for 3 days. This was
followed by rapid clinical improvement, and subsequent relapse in two patients
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several months after presentation. Patients who relapsed were given penicillin pro-
phylaxis to minimize the occurrence of further relapses (6).

Poststreptococcal Acute Myoclonus
Two patients with post-streptococcal myoclonus showed resolution of their

symptoms within several weeks of administration of antibiotics for streptococcal
pharyngitis. A third patient did not respond to antistreptoccocal antibiotic therapy
or conventional treatment for myoclonus (7).

Poststreptococcal Autoimmune Dystonia With Isolated Striatal Necrosis
One patient was treated with antibiotic prophylaxis and oral prednisolone with

significant improvement over several weeks. The second patient was treated with
antibiotics, with improvement of symptoms within a few days (8).

Poststreptococcal Paroxysmal Dystonic Choreoathetosis
In the reported patient with paroxysmal dystonic choreoathetosis associated with

streptococcal infection, there was no response to antibiotic prophylaxis. Chlorpro-
mazine also failed, whereas carbamazepine decreased the number of attacks.

CONCLUSION
Poststreptococcal movement disorders are phenomenologically varied. These

illnesses often present suddenly, and it is not uncommon for there to be significant
disability. With proper management, including pharmacological intervention, most
patients can be effectively treated.
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Acute Spinal Rigidity

P. D. Thompson

PATIENT VIGNETTE
A 69-year-old woman presented with a 1-year history of low back and leg pain

accompanied by progressive difficulty walking. Lumbar surgery was undertaken for
spondylolisthesis and canal stenosis. Postoperatively, the pain improved but her walk-
ing continued to deteriorate. She then developed spasms of the back and right leg
causing flexion of the trunk, hip, and knee. Her mobility deteriorated further. Exami-
nation at this time revealed a rigid right leg with palpable muscle activity in all muscle
groups, brisk tendon reflexes, and an extensor plantar response. There was no truncal
rigidity. There was no sensory loss, but sensory stimulation elicited a brisk flexion
withdrawal movement of the whole leg. Similar flexion spasms of the leg and hip
were evident while walking and severely restricted her gait. Further imaging of the
whole spinal cord was normal. A glucose tolerance test was abnormal, but anti-
glutamic acid dehydrogenase (anti-GAD) antibodies were not detected. Baclofen was
prescribed with some improvement in the rigidity and mobility. One year later, her
mobility declined again. Examination on this occasion revealed abdominal wall and
lumbar paraspinal rigidity along with bilateral leg rigidity. The clinical picture was
now that of the stiff-person syndrome, although anti-GAD antibodies remained negative.

This case illustrates the onset and early evolution of the distribution of rigidity in
the stiff-person syndrome which, although rare, is a more common cause of segmen-
tal rigidity than spinal lesions. In each section of this chapter, relevant case histories
from the literature illustrating structural, inflammatory, or paraneoplastic causes of
spinal rigidity are discussed to highlight the presenting and diagnostic features. Such
cases are rare, and the importance of imaging cannot be overemphasized in cases of
segmental rigidity where a spinal origin is suspected. Modern imaging techniques
permit detailed anatomical examination of the spinal cord, making such diagnoses
much simpler than in the past.
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THE DIFFERENTIAL DIAGNOSIS OF RIGIDITY

Rigidity and Basal Ganglia Disease
Basal ganglia rigidity in Parkinson’s disease (PD), the striatonigral form of mul-

tiple system atrophy or neuroleptic-induced parkinsonism, is characterized by a
uniform increase in muscle tone, and detected as a continuous “lead pipe” resis-
tance to passive movement of a limb. When there is superimposed tremor, the ri-
gidity is described as “cogwheeling.” The mechanisms of this increase in tone are
poorly understood. Increased muscle tone in dystonia is typically variable and re-
lated to action or movement. During movement, co-contraction of antagonist muscle
pairs and overflow of muscle activity leads to an increase in muscle tone and twisted
or dystonic postures of the limbs. The dystonic postures and excessive muscle con-
traction subside during rest, although in advanced primary and secondary dystonia,
there may be a sustained increase in muscle tone which persists in repose.

Increased Tone in Spasticity and the Upper Motor Neuron Syndrome
Hypertonia in spasticity is associated with enhanced monosynaptic stretch re-

flexes and is typically velocity dependent. The increased tone is detected as a
“catch” or an abrupt increase in tone felt upon rapid limb manipulation, followed
by a reduction in tone (the “clasp-knife” phenomenon). The latter is best appreci-
ated in the lower limbs. Spasticity and the upper motor neuron syndrome also in-
clude brisk tendon reflexes and altered cutaneous reflexes, including loss of
superficial abdominal reflexes and extensor plantar responses.

Frontal Lobe Rigidity
The distinguishing characteristic of frontal rigidity is a progressive increase in

muscle tone, or the resistance to movement, during limb manipulation. As the ex-
aminer applies increasing force to move the limb, the amount of resistance encoun-
tered increases. The examiner may suspect that the patient is not fully relaxed or is
voluntarily opposing the movement (gegenhalten). Frontal lobe signs, including
grasp reflexes, are useful adjuncts to recognizing frontal rigidity.

Muscle Stiffness and Peripheral Nerve Hyperexcitability
Hypertonia may be caused by continuous muscle activity resulting from periph-

eral neuromuscular hyperexcitability in Isaacs’ syndrome or neuromyotonia. Wide-
spread muscle rippling as a result of fasciculations and myokymia are accompanied
by delayed muscle relaxation. Tendon reflexes may be absent, and in some cases
other signs of neuropathy are an important clue to the peripheral origin of the syndrome.

Primary Muscle Disease and Muscle Stiffness
Myotonia and delayed muscle relaxation in primary muscle disease may present

with complaints of muscle stiffness during voluntary movement, although muscle
tone and resistance to passive movement are normal. Some congenital myopathies,
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muscular dystrophies, and inflammatory myopathies are associated with muscle
contractures limiting the range of limb movement, which may be misinterpreted as
rigidity.

Clinical Features of Spinal Rigidity
Rigidity of spinal origin is characterised by a continuous and marked increase in

muscle tone that is more or less uniform throughout the range of movement. The
rigidity may be so intense that manipulation of the affected limb is difficult or
impossible. Rigidity of this severity frequently is accompanied by abnormal limb
posturing. Persistent muscle contraction also leads to contracture, and fixed defor-
mities of the limb soon develop. Another characteristic feature is the superimposi-
tion of spasms, which can be prolonged and painful, segmental myoclonus and a
jerky tremor.

In most examples of spinal rigidity in man, other signs of spinal cord disease are
present. These include segmental muscle wasting and weakness, absent tendon re-
flexes at the level of the spinal lesion, brisk reflexes below the lesion, and extensor
plantar responses. Segmental radicular and tract sensory disturbances complete the
clinical picture of a myelopathy. Spinal rigidity and spasms have been described in
a variety of diseases of the spinal cord including traumatic spinal injury, tumours,
multiple sclerosis, paraneoplastic myelopathy, arteriovenous malformations, is-
chemia, and syringomyelia. The common pathological feature in these examples is
predominant and selective involvement of the central spinal cord affecting spinal
interneurons within the spinal grey matter.

Spinal rigidity is an uncommon clinical phenomenon. Accordingly, recognizing
spinal rigidity can be a difficult clinical task, and differentiating spinal rigidity from
other causes of hypertonia is often influenced by the presence of other clinical signs.
The physiology of spinal rigidity has been studied in an experimental canine model,
produced by ischemia of the central and posterior spinal grey matter damaging spi-
nal interneurons and sparing anterior horn cells (1). Loss of inhibitory (and excita-
tory) interneuronal activity resulted in enhanced motoneuronal excitability with
continuous spontaneous discharge of spinal motoneurons. The resulting continuous
muscle contraction lead to rigidity and was followed by muscle contracture after a
few days. The posture of the rigid hindlimbs resembled decerebrate rigidity but was
not influenced by posture. Rigidity was continuous without phasic exacerbations
and was uninfluenced by cutaneous or noxious stimuli, although primary afferent
input increased the activity recorded directly from motoneurons. Dorsal root sec-
tion did not abolish or prevent the development of spinal rigidity, indicating that
the rigidity was not primarily driven by afferent feedback (1).

Accordingly, spinal or “ -”rigidity is attributed to the unrestrained discharge of
alpha motor neurones isolated from normal inhibitory interneuron control (1–3).
The rigidity is caused by continuous muscle activity in antagonist muscle groups.
Antagonist muscles co-contract because of the loss of interneuronal mediated re-
ciprocal inhibition. The motor activity is barely influenced by voluntary effort or
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stimulation of reflex pathways, indicating isolation of the spinal motoneurons from
segmental reflex and descending supraspinal influences. Some modification of the
pattern of discharge may be evidenced by an increase in spasms during traction or
passive limb manipulation.

DISORDERS OF SPINAL RIGIDITY IN MAN

Structural Lesions of the Spinal Cord
Rushworth (3) reported a patient in whom a cervical intramedullary astrocytoma

infiltrated the central grey matter throughout the cervical cord between C2 and C6.
The patient presented with neck pain, a wasted left arm, and a Brown-Sequard syn-
drome. Right-sided involvement ensued over the following months and both arms
became weak and stiff. Both arms were areflexic, rigid, adducted, and extended.
Spontaneous electromyogram (EMG) activity was recorded in deltoid, pectoralis
major, biceps, and triceps. Stretching these muscles evoked an increase in their
activity and also that of the antagonist. Reciprocal innervation during voluntary
shoulder abduction was impaired but was preserved between biceps and triceps.
The authors concluded this “ -rigidity” was caused by spontaneous discharge of
motoneurones isolated from interneuronal inhibitory control, and therefore insensi-
tive to reflex or voluntary inputs.

Tarlov (4) described a 38-year-old woman with an intrinsic spinal cyst at the
level of T12 who developed the gradual onset of painful flexor spasms over the 8
years following surgical drainage of the cyst. The hips and knees were flexed as a
result of a combination of rigidity and contracture. She was able to flex the hips
voluntarily but there was little distal voluntary leg movement. All modalities of
sensation were impaired in the legs. Dorsal root section from L2-L5 produced only
a transient reduction in rigidity and spasm.

In a later patient with posttraumatic hydromyelia, dorsal rhizotomy (T11–L1)
and subsequently T12–L1 spinal cord section also failed to relieve painful flexor
spasms and rigidity of the legs (5). Removal of the isolated segment of the spinal
cord and the associated ventral roots reduced the muscle activity. Pathological ex-
amination of the excised spinal cord revealed a reduced number of interneurons in
the intermediate zone of the cord at L5. Lourie (6) described a 55-year-old man
who presented with a history of stiffness of the hips, pain and numbness of the
lower back, a scoliosis, board-like rigidity of the abdomen, persistent contraction
of lumbar paraspinal muscles, and “plastic” rigidity of the legs with slow leg move-
ments. A spinothalamic sensory loss with sacral sparing suggested an intramedul-
lary lesion. Spontaneous rhythmic contractions of the hip adductor, external
oblique, and paraspinal muscles occurred and persisted during sleep.

Necrotizing Myelopathy
Penry (2) described a patient with “subacute necrotizing myelopathy” and ex-

tensive gliosis with destruction of the posterolateral central grey and white matter
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in the posterolateral regions of the spinal cord between C3 and T8. The initial clini-
cal presentation was of a cervical myelopathy evolving over weeks with flaccid
weakness of the left arm and an asymmetric quadriplegia. Five months later, rigid-
ity and spasm developed in the left arm. The arm was held in a posture of shoulder
abduction and internal rotation, elbow flexion, dorsiflexion of the wrists, and finger
flexion. Intense EMG discharges in muscles of the left arm were not influenced by
muscle stretch or tendon taps. A curious and distinctive finding was the inability to
activate voluntarily the muscles in spasm.

Tetanus and Strychnine
The rigidity accompanying tetanus may be localized to the site of infection, but

there is often facial (risus sardonicus) and jaw spasm (trismus or lock jaw). Spasms
occur spontaneously or are induced by sound and touch, spreading throughout the
body and producing abdominal rigidity and opisthotonic spasms. These may be
dramatic. Spasms and rigidity build in a crescendo fashion over several seconds.
They may last for minutes and spread from one site to another. Profound autonomic
features including hypertension, tachycardia, and sweating frequently accompany
the spasms. Myoclonus and tremor may also occur (7). Similar spasms occur in
strychnine poisoning (8). Tendon reflexes are brisk. An encephalopathy with de-
creased conscious state accompany the spasms of strychnine poisoning. Both teta-
nus and strychnine disrupt inhibitory glycinergic and -aminobutyric acid release,
blocking interneuronal inhibition of motoneurons in the spinal cord, brainstem, and
possibly the cortex. Prolonged rigidity and spasm can lead to fever, rhabdomyolysis,
and acute renal failure.

Spinal Segmental Rigidity and Myoclonus
The capacity of the isolated spinal cord to produce a range of rhythmic activities

was documented in traumatic spinal injuries during World War I (9). These in-
cluded jerks and spasms with phasic and tonic elements that resulted in
multisegmented movements of the abdomen, pelvis, and legs and coordinated loco-
motor-like activities of the legs (9,10). Similar rhythmic activities in complete
paraplegia have recently been described in traumatic paraplegia (11) and spina
bifida (12). Luttrell (13) demonstrated that Newcastle disease encephalomyelitis
could trigger intrinsic spinal generators of myoclonic activity that were indepen-
dent of afferent and descending inputs. The spinal cord also exhibited the capacity
to recruit activity at more distal sites through propriospinal neural pathways linking
the lumbar and cervical networks. It is not clear whether this experimental model
also caused rigidity.

Varying combinations of spontaneous motor activities including rigidity and
jerky, myoclonic, or tremulous involuntary movements have also been described in
many reports of “spinal myoclonus.” In these cases, the emphasis was placed on the
jerky elements of the movement disorder. As is evident from the cases described
above, jerky myoclonic movements may also accompany spinal rigidity.
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Segmental rigidity and myoclonus affecting one leg were the presenting features
of a paraneoplastic syndrome in a 68-year-old woman reported by Roobol (14).
The rigidity produced a posture of flexion of the leg at the knee, plantar flexion of
the foot, and extension of the great toe. Thoracic radicular sensory symptoms and
signs also were present. Microscopic examination of the spinal cord revealed a
reduction in the number of anterior horn cells, and interneurons could not be iden-
tified in the lumbar region.

Involvement of the central spinal grey matter in ischemic myelopathy may lead
to a similar clinical picture. Davis (15) reported the case of a 75-year-old man who
presented with bilateral spontaneous and stimulus-sensitive myoclonus of the legs.
The myoclonus produced movement of the whole leg involving hip, knee, and plan-
tar flexion. Intermittent with the myoclonus, muscle tone in the legs was increased
with spasticity and plastic rigidity. Fasciculations were recorded on surface EMG
between spasms but there was no mention of continuous motor activity to explain
the rigidity. Pathological examination of the lumbar and sacral spinal segments
revealed a selective reduction in the number of small and medium-sized interneu-
rons, with relative sparing of the large anterior horn cells. The anterior spinal artery
was virtually occluded at the mid-thoracic level. Extensor jerks resulting from con-
traction of the paraspinal muscles when sitting and standing were described in an
ischemic myelopathy (16).

Spasms of upper and lower limb extension precipitated by touch and limb move-
ment and accompanied by autonomic features were symptoms of an inflammatory
myelopathy presenting with a mild quadriparesis and sensory signs (17). Leg rigid-
ity, a flexed posture of one leg, and spasms developed 6 months or so after trans-
verse myelitis in a 35-year-old woman (18). Jerky spasms occurred both
spontaneously and during voluntary and passive movements of the legs. Tendon
reflexes were brisk and there was a mid-thoracic sensory level. Continuous motor
unit activity was detected in leg muscles and cutaneomuscular reflexes were en-
hanced. Although the precise origin of the movements could not be determined, the
authors postulated a disorder of spinal interneurons.

Rigidity in the Stiff-Person Syndrome
The precise nature and anatomical location of the disturbance causing the stiff-

person syndrome is not known (19). The distribution of rigidity in the stiff-person
syndrome is frequently confined to the lower trunk and the legs, mimicking seg-
mental rigidity of spinal origin. Continuous motor unit activity in thoracolumbar
paraspinal and abdominal muscles leads to axial stiffness and rigidity in the stiff-
person syndrome. The abdominal wall rigidity is described as “board-like,” and
paraspinal muscle contraction rigidity may result in an exaggerated lumbar lordo-
sis. The lower limbs are frequently involved, particularly proximal muscles. Vol-
untary movement is restricted because of the rigidity.

Stimulus-sensitive spasms resulting from enhanced cutaneo-muscular reflexes
may be superimposed on the rigidity and are a characteristic finding (19). These
begin with a myoclonic burst followed by a tonic phase of muscle contraction rep-
resenting the “spasm.”
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Electrophysiological studies demonstrating continuous muscle contraction and
enhanced cutaneo-muscular reflexes along with serological testing for antibodies
to glutamic acid dehydrogenase (anti-GAD antibodies) may be helpful in diagnosis
(19). Repeated spasms in the stiff-person syndrome may be accompanied hyperten-
sion, tachycardia, and sweating, leading to an acute autonomic crisis. This clinical
picture may be precipitated by the inadvertent abrupt withdrawal of treatment, such
as may occur with disruption of intrathecal baclofen administration (20).

Progressive Encephalomyelitis With Rigidity and Myoclonus
The relationship of progressive encephalomyelitis with rigidity and myoclonus

to the stiff-person syndrome is unclear (19,21). The distribution and characteristics
of the rigidity may be very similar, involving axial and proximal limb muscles with
superimposed spasms and myoclonus. From a clinical point of view, a diagnosis of
this condition is suggested by a subacute onset with a fluctuating, often progressive
course and the presence of sensory symptoms and brainstem dysfunction (21,22).
Signs of the latter include ophthalmoplegia, nystagmus, ataxia, and dysphagia
(22,23). In addition, there may be segmental muscle-wasting and areflexia (21).
The extent of overlap between these two conditions is further evident in pathologi-
cal studies that show perivascular inflammatory change in both stiff-person syn-
drome and progressive encephalomyelitis with rigidity and myoclonus (19). The
relationship of these cases to apparently isolated inflammatory myelopathies with
rigidity (17) is uncertain.

Rigidity in Spinal Interneuronitis and the Stiff-Leg Syndrome
Isolated rigidity of one leg was described as the “stiff-leg syndrome” by Brown

(24). These authors reported four cases in which co-contraction of leg muscles with
spasms and rigidity was caused by segmental motoneuronal disinhibition. The dis-
order remained static over a number of years and it was postulated that a localized
form of chronic spinal interneuronitis caused the syndrome. Segmental or focal
limb rigidity resulting from continuous motor unit activity may be the first sign of
the stiff-person syndrome, and of progressive encephalomyelitis with rigidity and
myoclonus (19). Leg rigidity and difficulty walking is the most common focal pre-
sentation, with progression of rigidity to a more generalized distribution occurring
after a variable interval. The onset of arm rigidity in a woman should prompt a
search for breast malignancy (25). Follow-up examinations are important in these
situations.

MANAGEMENT

The management of acute spinal rigidity and any associated movement disor-
ders relies on the recognition of the spinal origin and identification of the underly-
ing cause. This will usually require appropriate imaging of the spinal cord. In the
case of identifiable structural or inflammatory disease of the spinal cord, treatment
revolves around management of the underlying cause. Serological studies for anti-
GAD antibodies and electrophysiological testing for enhanced cutaneo-muscular
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reflexes may be helpful when the stiff-person syndrome is suspected. Immunologi-
cal therapies are increasingly being used in the stiff-person syndrome, including
intravenous immunoglobulin (26).

Drugs such as baclofen, tizanidine, and diazepam are useful in the treatment of
spinal rigidity and spasms (Table 1). Large doses are often needed, and intrathecal
baclofen may provide a more effective method of delivery. Caution is required,
however, in order to avoid abrupt cessation of these drugs, as this may precipitate a
severe exacerbation of rigidity accompanied by acute autonomic failure (20).
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PATIENT VIGNETTES
Patient 1: The parents of a 16-year-old boy ask that their son be urgently evalu-

ated for an exacerbation of his tics. He was diagnosed with Gilles de la Tourette’s
syndrome (GTS) at age 5 years and never required pharmacotherapy for his tics. Since
the start of the school year and the transition to junior high school, he has developed
frequent grunting, coughing, and shouting. These vocal tics are extremely disruptive
and socially embarrassing. Classmates have commented, some heckling him, and one
concerned student asked him if he was taking illicit drugs. The boy refuses to go to
school and his grades are dropping. He recently had a bad cold, and started taking
pseudonephrine, and feels his tics are even worse. On examination, there are mild
multifocal motor tics, and severe repetitive vocal tics. The remainder of the examina-
tion is normal.

Patient 2: A 16-year-old girl presents with the chief complaint of neck pain and
left-handed weakness. She was diagnosed with GTS at age 13. Her tics involve re-
peated backward jerks of her head, as well as nose twitching, eye blinking, leg jerk-
ing, grunting and throat clearing. She first noticed tingling sensations radiating from
her neck into the left arm and hand associated with her neck tics 6 months prior to
evaluation. On examination, wasting of the first dorsal interosseus and weakness of
the abductor pollicis brevis and intrinsic hand muscles on the left was present. Di-
minished sensation over the left little finger and hypothenar region extended slightly
above the wrist. Cervical spine films were normal. An electromyogram study of the
affected limb was recommended but refused.

Patient 3: A 9-year-old girl presents with a 3-week history of facial grimacing,
abdominal flexion, and finger curling. She describes a sensation in her abdomen pre-
ceding the involuntary movements, and she is able to temporarily suppress the facial
and abdominal movements. Simultaneously, she developed mild confusion and head-
aches. Laboratory work-up through the pediatrician’s office is significant for a posi-
tive strep throat culture and an elevated anti-streptolysin O titer. On examination,
there are fine, random choreic movements of hands and fingers but in addition, there
are distinct motor tics of face, neck, shoulders, and abdomen.
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Patient 4: A patient with a 10-year history of GTS presents with a complaint of
worsening leg tics. He had been started on pimozide 3 weeks earlier and saw his
pediatrician again 1 week later who further increased the pimozide because of the
patient’s complaint of leg movements. On examination, multifocal motor tics affect-
ing eyes, face, neck, and shoulder, as well as complex phonic tics, were present. In
addition, marked rhythmic leg movements and rocking motions typical of akathisia
were accompanied by a subjective sense of inner restlessness and an inability to sit still.

INTRODUCTION

Tics are sudden involuntary stereotypic movements or sounds that emerge out of
a normal background. Tic disorders usually start in childhood and typically wax
and wane over many years. In our tertiary care center, only one-third of subjects
require medical therapy for tics. For most subjects, education of the patients, their
families, and school and work personnel is sufficient. When medications are needed,
tics can be controlled in most patients, although side effects can be problematic.
The identification of comorbid conditions such as attention deficit hyperactivity
disorder (ADHD) or obsessive-compulsive disorder are important, because these
disorders often cause more disruption than tics themselves. Because the long-term
history of tics is generally benign, the primary aim of treatment is to maintain a
child in the school environment so that normal or near-normal socialization and
school achievement occurs during formative years.

In rare instances, tics are severe enough to cause a neurologic emergency, and
these fall into several categories (Table 1). First, intense exacerbations may occur
in the normal context of the waxing and waning course of tic disorders. On occa-
sion, these exacerbations can frighten patients and their families and limit social or
academic integration. Second, tics can cause secondary neurological impairment
that may result in permanent disability. Third, a series of severe pain syndromes
have been described in some tic subjects that can be highly disabling. Fourth, sud-
den and unusual tics can emerge in the context of disorders of global neurologic
injury, and therapies aimed at the primary disorder need to be started promptly.
Finally, the pharmacological treatment of tics can cause sudden adverse events. In
this chapter, each of these tic emergencies is discussed with patient vignettes, and
the diagnosis and treatment are reviewed.

TIC EXACERBATIONS

The natural history of chronic childhood-onset tic disorders is well described.
Typically, symptoms start at age 5 or 6 years, often with simple motor tics such as
frequent eye blinking. Tics tend to peak in severity between 7 and 15 years of age,
followed by a steady decline (1,2). Tics wax and wane in frequency and severity,
and the tic repertoire varies. Simple motor tics (only affecting one muscle group)
may migrate or become more complex (coordinated, sequenced movements). Com-
plex tics often resemble normal movements or gestures, but they occur at an inap-
propriate time or with exaggerated intensity. Gestures may be obscene or
provocative and are often socially embarrassing. Phonic tics might appear in form
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of simple noises (e.g., throat clearing, sniffing, humming), or complex words or
phrases. Complex phonic tics containing profanities are referred to as coprolalia,
repetitions of someone else’s words echolalia, and repetitions of the subject’s own
words palilalia. Tics are temporarily suppressible, often preceded by a premoni-
tory sensation or an urge to perform them, and usually produce a sense of relief.
Tics can persist in adulthood (2), but are usually mild or well suppressed and do not
cause disability.

Because tics occur in bouts, and the course of chronic tic disorders waxes and
wanes, exacerbations are common. Factors that influence tic severity and may trig-
ger exacerbations can be divided in internal and external factors (Table 2). An
individual’s susceptibility to these factors varies greatly. Internal factors include
fatigue, hormone status, and levels of perceived stress. Children commonly experi-
ence exacerbations of tics at the beginning of the school year and at the time of
return from school holidays. Tics also may increase during relaxation after a period
of stress. Lack of sleep has been well documented to cause tic exacerbations. Late
or night-shift work may not be advisable in a professional with problematic tics.
Hormonal fluctuations during teenage years have been implicated in worsening
tics. Some patients also report fluctuations with their monthly menstrual cycles (3).

External factors that may exacerbate tics include diet, stress, drugs, and concur-
rent infections. Even though there is no proven link between dietary products and
tic severity, some patients report symptom exacerbations associated with the con-
sumption of certain foods. Numerous drugs have been reported to exacerbate tics
(Table 3). The most commonly encountered scenario occurs with stimulant drugs

Table 1
Tic Emergencies

Tic exacerbations
Neurological impairment secondary to tics
Pain syndromes caused by tics
Sudden and unusual tics in the context of global neurological injury
New abnormal movements caused by anti-tic medications

Table 2
Tics: Exacerbating Factors

Internal
Fatigue
Hormone status
Level of perceived stress

External
Diet
Drugs
Infections
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for the treatment of comorbid ADHD (4,5) and over-the-counter drugs used to treat
common colds (6). Anticonvulsants (7), tricyclic antidepressants (8), selective se-
rotonin reuptake inhibitors (9), and certain illicit drugs (10) have also been reported
to exacerbate tics. A patient suffering from a concurrent infection may experience a
tic exacerbation related either to the drugs used to treat the infection, or to compro-
mised general health.

During these periods, tics may become disabling, requiring urgent management,
as illustrated with patient 1. In the case of an external provoking factor, the elimina-
tion of the latter (e.g., discontinuation of the offending drug) may reverse the prob-
lem. The CD shows a patient’s tics at baseline and the tic exacerbation provoked by
exposure to scopolamine used to treat a viral vestibulopathy. If there is no revers-
ible causative agent, drugs for tic suppression may be warranted (Table 4). At
present, the only agents approved for treatment of tics by the US Food and Drug
Administration are haloperidol and pimozide. There is evidence that pimozide is
more effective and better tolerated than haloperidol (11). Pimozide is our first
choice for the treatment of acute, disabling tics. Because of the potential side ef-
fects of typical neuroleptics (extrapyramidal symptoms, sedation, weight gain), the
lowest possible dose should be used, and the need for treatment needs to be criti-
cally reviewed on a regular basis. Other neuroleptics used to treat tics are fluphena-
zine and risperidal. There is little experience with newer atypical neuroleptics. The
dopamine depletors tetrabenazine (not available in the United States) (12) and re-
serpine are effective anti-tic agents, but the patient needs to be carefully watched
for signs of depression. If there are prominent associated problems with restless-
ness or ADHD, the α-adrenergic receptor agonists clonidine and guanfacine are

Table 3
Drugs Implicated in Tic Exacerbations

Methylphenidate
Pemoline
Dexedrine
Decongestants
Levodopa
Phenytoin
Carbamazepine
Lamotrigine
Phenobarbital
Imipramine
Clomipramine
Fluoxetine
Sertraline
Fluvoxamine
Bupropion
Amphetamine
Cocaine
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useful, although less potent. Selected patients with prominent, disabling focal tics
may benefit from botulinum toxin injections. This form of treatment is best suited
for patients whose tics can be readily targeted for treatment with the toxin. Several
case series and one double-blind, placebo-controlled trial demonstrates reduction
of motor tics and the premonitory urge (13,14). The double-blind trial studied rela-
tively mild patients with multifocal tics, and failed to show a change in the indices
of overall patient well-being. Other case reports have described the improvement
of disruptive vocal tics with intralaryngeal botulium toxin injections (15,16). Edu-
cation is an important arm of intervention, and the Tourette Syndrome Association
has special programs that can be organized to inform teachers and students about
tic disorders. These programs aim to defuse misunderstanding and stigmatization
related to tic exacerbations.

In the case of patient 1, the exacerbating influences included the new school
situation, the cold medication, and poor sleep. The cold medication was stopped,
but tics remained problematic. The parents and patient were adamant that no educa-
tional program be organized on behalf of the student, so the neurologist opted to
start 2 mg of pimozide each evening after checking an electrocardiogram and veri-
fying that the QT interval was normal. They agreed that if the physician prescribed
medication treatment, the boy also had to agree to return to school immediately.
The pimozide was helpful in promoting sleep the first night and tics improved
slightly. Over a 2-week period, the tics improved substantially and although they
are still present, the emergency situation was considered by all parties to have passed.

ACUTE NEUROLOGICAL COMPLICATIONS FROM TICS

Occasionally, violent motor tics can result in secondary neurological injury, par-
ticularly radiculopathy or compressive neuropathy. In a previous report of two cases
of secondary compressive neuropathies in patients with Gilles de la Tourette’s Syn-
drome (17), both patients developed peripheral nerve or radicular injury within the
area involved by violent tics. In the first case (patient 2), neck tics led to a C8-T1

Table 4
Selected Drugs to Treat Tics

Drug Usual starting dose Usual maximum dose/day

Pimozide 1 mg at bedtime 10 mg
Haloperidol 0.25 mg at bedtime 20 mg
Fluphenazine 0.5 mg at bedtime 5 mg
Risperidone 0.25 mg at bedtime 4 mg
Tetrabenazine 12.5 mg at bedtime 200 mg
Reserpine 0.1 mg at bedtime 1 mg
Clonidine 0.05 mg at bedtime 0.8 mg
Guanfacine 0.5 mg at bedtime 3 mg
Botulinum toxin Varies with injected muscle Varies with injected muscle
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radiculopathy; the second case was one of a compressive neuropathy at the sciatic
notch caused by a hip-thrusting tic (see CD). Severe motor tics have also been
reported to cause cervical myelopathy (18). Rapid recognition and treatment of the
tic disorder is essential to prevent permanent neurological deficits. The tics should
be treated according to the treatment principles outlined in the previous section. In
addition, physical therapy can often facilitate recovery from the neurologic injury.
Patient 2 was taking haloperidol (1 mg/day) at the time of her presentation. The
dose was gradually increased to 4 mg/day, with improvement of her neck tics. She
was also referred to the occupational therapy department for rehabilitation of her
left hand function.

PAIN RELATED TO TICS

Tic disorders can cause acute pain syndromes that require urgent management.
Riley and Lang reviewed pain in tic disorders (19) and classified these conditions
into four categories: (1) pain resulting from the actual performance of the tic (such
as neck pain caused by sudden neck movements); (2) pain resulting from a trau-
matic injury from being struck by a body part involved in a tic, or pain to a body
part striking against nearby objects; (3) pain caused by the effort of tic suppression
(excessive isometric muscle contraction), or self-inflicted pain in order to reduce
tic expression; and (4) pain caused by behavioral abnormalities accompanying the
tic disorder such as self-mutilating compulsions. Pain caused by tic disorders may
be a source of significant disability for patients, and the same treatment principles
discussed in management of tic exacerbations apply.

ABRUPT TICS SECONDARY TO CENTRAL
NERVOUS SYSTEM DISORDERS

The abrupt onset of new tics in a patient with other neurological signs, particu-
larly at an atypical age for first presentation of tics, warrants the careful search for
an underlying cause. Numerous acquired and genetic conditions as well as expo-
sure to various drugs and toxins may cause secondary tics (20). Central nervous
system infections, autoimmune disorders, metabolic and toxic encephalopathies,
stroke, head trauma, and psychogenic disorders all have been implicated in trigger-
ing tics. During the pandemic of encephalitis lethargica (1926–1927), tics were
frequently observed as one of a variety of different movement disorders secondary
to the infection (21). This disorder is now rarely seen, but tics have been described
in encephalitis secondary to other infective agents such as herpes simplex virus
(22,23) and human immunodeficiency virus (24). The other infection-related phe-
nomenon is that of tic disorders caused by an autoimmune response triggered by
the underlying infection. Sydenham’s chorea is the prototype example, following
β-hemolytic streptococcal infection. Tics have been reported to occur at the onset,
or following Sydenham’s chorea (25,26) as in the case of patient 3, a clinical pre-
sentation showing encephalopathy and chorea along with motor tics. There is an
ongoing debate whether streptococcal infection and rheumatic fever can not only
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lead to Sydenham’s chorea, but also trigger pediatric autoimmune neuropsychiatric
disorders associated with streptococcal infection (PANDAS) (27). Treatment of
these cases includes antibiotics and appropriate tic treatment as necessary. Patient 3
was started on amoxicillin by the infectious disease specialists, and clonidine by
the treating neurologist with good response of her movements and behavioral
changes.

Cases of tics occurring after carbon monoxide poisoning have also been de-
scribed (28). The documentation of tics attributable to metabolic disturbances such
as hypoglycemia is questionable. Strokes can cause the abrupt onset of a tic disor-
der. Most documented cases describe multifocal or facial tics following cerebral
infarction, but unilateral tics in the distribution of the accompanying neurological
deficit have also been reported (29). In one instance, magnetic resonance imaging
findings linked an anatomic region to a case of post-stroke tics (30). An 8-year-old
boy suffered a left hemiparesis, followed by the development of hemidystonia and
facial tics. The MRI scan demonstrated a lesion in the right middle cerebral artery
territory including the head of the caudate nucleus. A few cases of tics following or
exacerbated by head trauma have also been reported (31). Even though it is con-
ceivable that traumatic brain injury induces tics, pathophysiological mechanisms
remain unknown, and neuroimaging studies of affected patients have been
unrevealing. Psychogenic tics can be seen in somatoform disorders, factitious dis-
orders, and malingering (20). They can be hard to diagnose because they share
common characteristics with organic tics, namely suppressibility, distractibility,
and variability. Certain atypical features evoke a diagnosis of psychogenic tics.
Abrupt onset in context of a life stressor, entrainment of tics with synkinetic hand
movements, lack of response to antidopaminergic therapy, resolution with sugges-
tion/placebo/psychotherapy or financial settlement, association with other false
neurological signs (such as give-way weakness), and psychiatric comorbidity. In
these cases, the underlying psychiatric disorder needs to be treated in order to ame-
liorate the tics.

These examples underscore the importance of careful differential diagnosis in
the consideration of a tic disorder. When tics occur in a typical pattern and context,
follow the expected waxing and waning natural history, are not associated with
other neurological signs, and a family history of tics is clear, additional work-up is
not generally required. In other instances, further evaluation is required, because a
treatable neurologic condition may underlie the tics, and standard tic treatment,
although potentially beneficial in controlling the tics, misses the etiological source.

NEW INVOLUNTARY MOVEMENTS FROM TIC DRUGS
The chronic tic patient may present for an urgent consultation because of the

onset of new abnormal movements. In this context, it is important to differentiate
tic exacerbations from new movement disorders secondary to anti-tic medications.
Kompoliti and Goetz (32) reported 12 tic patients with treatment-induced move-
ment disorders. Both acute (akathisia, acute dystonia) and tardive (tardive dysto-
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nia, tardive chorea, withdrawal-emergent chorea) phenomena were observed dur-
ing treatment with typical neuroleptics (pimozide, haloperidol, fluphenazine). All
patients had been misdiagnosed as having tic exacerbations by the referring physi-
cians. Akathisia was the most common phenomenon in this series (also demon-
strated by patient 4). Akathisia affects trunk and leg muscles, is associated with an
inner feeling of restlessness, and typically starts shortly after neuroleptic initiation
or dose increase (see CD). Usually, a significant decrease in the neuroleptic medi-
cation is required to achieve relief of akathisia. If the neuroleptic dose cannot be
reduced, the addition of anticholinergics, amantadine, or β-blockers may be help-
ful. In patient 4, the neuroleptic dose could not be decreased because of the severe
complex vocal tics, and the patient was treated successfully with benztropine.

Acute dystonia, especially oculogyric crisis, can also occur in association with
the start of a neuroleptic or an increase in dosage. This frightening and often pain-
ful disorder requires addition of an anticholinergic agent to the neuroleptic, usually
in the form of an intramuscular or intravenous dose (e.g., trihexyphenidyl) fol-
lowed by an oral anticholinergic, often for the duration of neuroleptic therapy. Re-
ports of tardive syndromes in tic patients are few (33,34), but the phenomenon
needs to be recognized and appropriately managed (see CD). As opposed to tics
that are generally perceived as “voluntary” and suppressible, patients usually per-
ceive tardive dystonic or choreic movements as “involuntary” and not suppressible
(35). Unlike tics, dystonic or choreic movements remain unchanged or even in-
crease during distraction or the performance of skilled tasks. The management of
these tardive syndromes consists of withdrawal of the neuroleptic if possible. If the
tardive movements are primarily dystonic, oral anticholinergic drugs can be used,
but these drugs often increase choreic movements. Tardive dystonia may be ame-
nable to treatment with botulinum toxin if specifically problematic muscles groups
are targeted.
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Malignant Phonic Tics

Carolyn Kwak and Joseph Jankovic

PATIENT VIGNETTES
The following five patients illustrate the problem of malignant motor tics.

Patient 1: Patient with Gilles de la Tourette’s syndrome (GTS) who, in addition to
motor tics, exhibits loud vocalizations and screams which have markedly impaired
his quality of life. His mother has only blinking tics.

Patient 2: Patient with severe GTS and complex tics, one of which is manifested
by severe Valsalva maneuver and loud noise imitating “monsters.”

Patient 3: Adult patient with GTS and severe obsessive-compulsive disorder
(OCD). He had to stop working because of the loud screaming vocalizations.

Patient 4: A 46-year-old professor referred to our clinic with uncontrollable phonic
tics such as bursts of screaming and obscene words. He developed phonic tics of
coughing and wheezing, which was diagnosed as a “psychogenic motor disorder.” He
had other phonic tics of sniffing, sudden outbursts of laughing, and meaningful
phrases such as “shut up” and “help.” He then developed severe coprolalia. His motor
tics presented in adulthood including facial grimacing, head jerking, and complex
maneuvers of slapping his right upper extremity and knee. Because of the persistent
and severe nature of his phonic tics, the patient resigned from lecturing at the univer-
sity and now teaches classes on-line through Internet-based learning.

Patient 5: This youngster, a subject of our initial report of treatment of malignant
coprolalia with botulinum toxin (BTX) (12), reported to have the initial onset of mo-
tor tics at age 2 years with facial grimacing, nose twitching, snorting, and sniffing. He
also exhibited bulimic eating patterns, with a compulsion to vomit because it “felt
good.” He later developed severe coprolalia, frequently blurting words like “bitch,”
“mother fucker,” and “asshole.” He described an urge to have to make the move-
ments and shout the obscenities. He reported that he was able to suppress his tics and
vocalizations transiently, until he “let it all out” in the bathroom. His vocalizations
resulted in several fights, social stigmitization from his peers, poor academic perfor-
mance, depression, and anxiety. The phonic tics and coprolalia were initially well
controlled with pimozide, approx 6 mg/day and fluphenazine, approx 5 mg/day. How-
ever, his symptoms became very severe and a trial of BTX type A (BTX-A) injection,
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30 U into the left vocal cord resulted in drastic improvement of his vocal symptoms.
The patient received four treatment sessions over a period of 15 months. He reported
a mean beneficial response of 2.3 at peak effect on a 0–4-point scale (0, no effect; 1,
mild effect but no functional improvement; 2, moderate improvement but no change
in functional disability; 3, moderate change in both severity and function; 4, marked
improvement in both severity and function). A mean dose of 25 mouse U was in-
jected, and mean duration of response was 20 weeks. He had no response (peak effect
score 0) with a low dose of 20 U. However he reported a mean peak effect score of
3.3 with dosages of 25–30 U. He noted that BTX-A injections drastically improved
his quality of life, allowing him to socialize and secure employment. His phonic tics
improved during young adulthood, and he is currently not taking any anti-tic medica-
tions. His last BTX-A injection for the phonic tics was 7 years ago.

INTRODUCTION

Motor tics are among the most common, childhood-onset, genetic movement
disorders, affecting about 20% of all school children, 3–6% of whom have persis-
tent tics and satisfy the diagnostic criteria for Tourette syndrome (TS) (1,2). Tics,
the clinical hallmark of TS, are relatively brief, intermittent movements (motor
tics) or sounds (vocal or phonic tics) (3,5). Motor tics typically consist of sudden,
abrupt, transient, often repetitive and coordinated (stereotypical) movements that
may resemble gestures and mimic fragments of normal behavior. They typically
vary in intensity and are repeated at irregular intervals. Although the diagnostic
criteria for definite TS require the presence of “vocal tics” (6), we believe that
because the sounds that patients with TS make do not always involve the vocal
cords, the term “phonic tic” is preferable and will be used in this review. Phonic
tics are actually motor tics involving respiratory, laryngeal, pharyngeal, oral, or
nasal musculature. Contractions of these muscles may produce sounds, such as
barking, excessive throat clearing, grunting, inhaling, sniffing, yelping, clicking of
the teeth, and other noises. Phonic tics are often the most distressing and debilitat-
ing symptoms of TS. Complex vocal phenomenon include echolalia (repetition of
others’ words), palilalia (repetition of one’s own words), and coprolalia (socially
inappropriate words or phrases, obscene utterances, shouting of profanities) (7,8).
The latter phenomenon usually leads to the most troublesome social, and some-
times legal, problems.

CLINICAL SYMPTOMS

Patients with TS rarely present with an emergency complication of their disease.
Nevertheless, we have seen patients who sustained life-threatening injuries such as
evulsing their own cornea or the entire eye, or evisceration by cutting an abdominal
wall with a razor in response to an inner obsession and the need to satisfy a sexual
urge. Some of our patients have become quadriparetic as a result of compressive
myelopathy caused by repetitive, violent “whiplash” tics of the neck (9). Others
may present because of severe scratches or other self-injurious behaviors (10). Some
TS patients may present to the emergency room or clinic with loud, uncontrollable
barking, yelping, shouting of obscenities, or other vocal utterances. Understanding
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the phenomenology and recognizing associated symptoms of tic disorders allows
correct diagnosis and treatment. Often misconstrued as a disorder of psychological
origin as a result of its peculiar behavioral and vocal spectrum, TS has frequently
been misdiagnosed as a “mental illness,” and patients were historically confined to
psychiatric institutions. The discovery in the 1960s that dopamine receptor-block-
ing drugs (neuroleptics) markedly improve tics helped change the image of TS from
a bizarre psychiatric disorder to a neurobiological and neurobehavioral condition (11).

In previous studies, 8–60% of TS patients exhibited coprolalia, inappropriate
obscene utterances, or profanities (7,8) (patients 1–5,Video). The severity of phonic
tics may be measured by the volume of voice projection, the effect on respiration,
frequency of tics, and their social impact. One study showed coprolalia persisting
throughout adulthood in 4% of TS cases (8). A few cases of refractory coprolalia,
severe and frequent vocal outbursts unresponsive to conventional anti-tic medica-
tions, have been reported (12–14). Scott et al. (12) described a TS patient who
exhibited severe coprolalia with racial slurs, sniffing, and grunting refractory to
treatment with fluoxetine, fluphenazine, guanfacine, pimozide, and tetrabenazine
(patient 5, Video). He blurted out obscenities and profanities while riding the school
bus, resulting in school absences owing to embarrassment. A stranger in a public
bathroom also attacked him after he blurted out a racial slur. He expressed a need to
repeat his vocal utterances until they seemed “just right.” Salloway also reported a
refractory case of phonic tics responsive to botulinum toxin type A (BTX-A) injec-
tions (13). Trimble (14) described a TS patient with coprolalia refractory to behav-
ioral therapy, clonidine, and neuroleptics. The patient’s coprolalia was so severe
that he was threatened with eviction from his residence. The patient also reported
strong premonitory “feelings in the brain,” rather than in the throat.

Disinhibition resulting from a dysfunction of the cortico-striato-thalamo-corti-
cal circuits has been implicated in the pathophysiology of phonic tics, coprolalia,
and other complex vocalizations (15–17). Motor and phonic tics have been classi-
fied as “unvoluntary” movements, with a semi-volitional component and underly-
ing sensory phenomenon (3,18). Motor and phonic tics are preceded by premonitory
sensations, and patients commonly report that they perform the movements volun-
tarily in response to an involuntary sensory urge (3–5,19–22). TS subjects receiv-
ing BTX-A injections for motor and phonic tics report not only a reduction in the
tics, but also improvement in the premonitory sensory perception and local urge
that frequently precedes the tic (23–25). The limbic system and ventral basal gan-
glia may be involved in generating aberrant impulses to the motor cortex (19–
22,26–28).

TREATMENT

Several behavioral and pharmacological treatments have been used to treat se-
vere phonic tics (Fig. 1). Dopamine receptor-blocking drugs are often tried first for
moderate to severe motor tics (29–33). Haloperidol and pimozode are the two medi-
cations approved for the treatment of tics by the US Food and Drug Administration
(FDA). We prefer fluphenazine and risperidone, although the atypical neuroleptics
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olanzapine and ziprasidone may also be helpful (31–33). Tetrabenazine, a synthetic
benzoquinolone that presynaptically depletes monoamines and possesses D2 block-
ing activity, has also shown to reduce tic severity without incurring the risk of
tardive dyskinesia (34,35). A recent review of our center’s experience shows that
76% of 77 TS patients reported complete abolishment or marked improvement of
their tics during a 2-year follow-up (35). Antiadrenergic drugs such as clonidine
and guanfacine possess moderate benefit for tics (36,37). A small double-blind trial
of -9-tetrahydrocannabinol ( [9]-THC) also showed significant improvement of
motor tics, with a trend towards improvement for “vocal tics,” as well (p = 0.09) (38).

Behavioral techniques utilizing habit-reversal training and distraction tasks may
provide some benefit, but few studies have systematically examined these ap-
proaches. Many reports are hampered by small sample size and limited follow-up
(39–41). Overall, case studies using behavior reinforcement-based interventions
are disappointing in reducing tic severity.

BTX-A injections have shown to be particularly useful in treating focal motor
and phonic tics (12–14,23–25) (Table 1). BTX injections are routinely used in the
treatment of focal dystonia, hemifacial spasm, and tremor (42,43). Scott et al. (12)
was the first to report a patient with TS whose severe coprolalia markedly improved
with unilateral vocal cord injection of BTX. After injection of 30 mouse U of BTX-
A into the left vocal cord under electromyographic guidance, the patient reported
reduction of coprolalia by “at least 75%,” with only moderate hoarseness and
hypophonia (see CD). The premonitory urge to shout was also markedly decreased.
A repeat injection of 25 U produced similar benefit, and the patient was able to
return to school. Trimble et al. (14) later reported a patient with refractory

Fig. 1. Treatment algorithm for severe phonic tics.



Malignant Phonic Tics 171

Table 1
Case Reports of Botulinum Toxin Injections for Phonic Tics

Study Number of Site of Response Premonitory Side effects
(references) patients injection

Kwak et al. 4 Thyroarytenoid Marked reduction Reduced Hypophonia,
2000 (24) muscle in frequency mild dysph-

agia and
intensity

Trimble et al. 1 Thyroarytenoid Excellent Unchanged Hypophonia,
1998 (14) muscle response mild aspi-

ration
Salloway et al. 1 Thyroarytenoid Improvement Not Hypophonia
1996 (13) muscle specified
Scott et al.
1996 (12) 1 Thyroarytenoid Decreased Reduced Hypophonia,

muscle markedly moderate
hoarseness

vocal tics and coprolalia who also responded to BTX-A. Selective serotonin
reuptake inhibitors, neuroleptics, and behavior therapy failed to improve his severe
coprolalia, echolalia, and vocalizations of bird-like noises. Both thyroarytenoid
muscles were injected under local anesthesia and electromyogram with 3.75 mouse
U of Dysport. He reported an excellent response, with reduction in intensity of
obscene outbursts. Mild side effects included a breathy, weak voice (hypophonia),
and slight aspiration of liquids. The severity of the premonitory sensation remained
unchanged after the injection. Kwak et al. (24) reported four patients with vocal
tics in a large series of various motor tics treated with BTX. The mean dose given to
the vocal cords was 17.8 ± 6.5 mouse U (range 10–23.8). Transient side effects
included mild dysphagia and hypophonia. The study reported a global response
score of 2.7 ± 1.5 in 35 patients injected with BTX in various muscle sites.

BTX injections have thus become an effective treatment option for patients with
severe, loud, and disabling involuntary vocalizations.

CONCLUSION

Malignant phonic tics are a severe, incapacitating movement disorder emer-
gency. With appropriate interventions, including careful application of neuroleptics
or tetrabenazine, and skilled injection of vocal cord botulinum toxin, patients can
be effectively managed through this crisis.

REFERENCES
1. Kurlan R, Como PG, Miller B, et al. The behavioral spectrum of tic disorders: a community-

based study. Neurology 2002;59:414–420.
2. Snider LA, Seligman LD, Ketchen BR, et al. Tics and problem behaviors in schoolchildren: preva-

lence, characterization, and associations. Pediatrics 2002;110:331–336.



172 Kwak and Jankovic

3. Jankovic J. Phenomenology and classification of tics. In: Jankovic J, ed. Tourette Syndrome.
Neurol Cl N Am, Vol 15. WB Saunders, Philadelphia: 1997;267–275.

4. Jankovic J. Tourette’s syndrome. N Engl J Med 2001;345:1184–1192.
5. Leckman J. Tourette’s syndrome. Lancet 2002;360:1577–1586.
6. The Tourette Syndrome Classification Study Group. Definitions and classification of tic disor-

ders. Arch Neurol 1993;50:1013–1016.
7. Singer C. Tourette syndrome. Coprolalia and other coprophenomena. Neurol Clin 1997;15:299–308.
8. Goldenberg J, Brown S, Weiner W. Coprolalia in younger patients with Gilles de la Tourette’s

syndrome: description and risk factors. Neurology 1992;42:784–788.
9. Krauss JK, Jankovic J. Severe motor tics causing cervical myelopathy in Tourette’s syndrome.

Mov Disord 1996;11:563–566.
10. Jankovic J, Sekula SL, Milas D. Dermatological manifestations of Tourette’s syndrome and ob-

sessive-compulsive disorder. Arch Dermatol 1998;134:113–114.
11. Shapiro A, Shaprio E. Treatment of Gilles de la Tourette’s syndrome with haloperidol. Br J Psy-

chiatry 1968;114:345–350.
12. Scott B, Jankovic J, Donovan D. Botulinum toxin into vocal cord in the treatment of malignant

coprolalia associated with Tourette’s syndrome. Mov Disord 1996;11:431–433.
13. Salloway S, Stewart C, Israeli L. Botulinum toxin for refractory vocal tics. Mov Disord

1996;11:746–748.
14. Trimble M, Whurr R, Brookes F, Robertson M. Vocal tics in Gilles de la Tourette syndrome

treated with botulinum toxin injections. Mov Disord 1998;13:617–619.
15. Mink J. Neurobiology of basal ganglia circuits in Tourette syndrome: faulty inhibition of un-

wanted motor patterns? In: Cohen D, Jankovic J, Goetz C, eds. Tourette Syndrome, Advances in
Neurology, Vol. 85. Lippincott Williams and Wilkins, Philadelphia: 2001;113–122.

16. Jeffries K, Schooler C, Schoenbach C, Herscovitch P, Chase T, Braun A. The functional neu-
roanatomy of Tourette’s syndrome: an FDG PET study III: functional coupling of regional cere-
bral metabolic rates. Neuropsychopharmacology 2002; 27:92–104.

17. Peterson B, Staib L, Scahill L, et al. Regional brain and ventricular volumes in Tourette syn-
drome. Arch Gen Psychiatry 2001;58:427–440.

18. Lang A. Patient perception of tics and other movement disorders. Neurology 1991;41:223–228.
19. Leckman J, Walker D, Cohen D. Premonitory urges in Tourette’s syndrome. Am J Psychiatry

1993;150:98–102.
20. Scahill L, Leckman J, Marek K. Sensory phenomenon in Tourette’s syndrome. Behavioral Neu-

rology of Movement Disorders. In: Weiner W, Lang A, eds. Advances in Neurology, Vol. 65.
Raven, New York: 1995;273–280.

21. Cohen A, Leckman J. Sensory phenomenon associated with Gilles de la Tourette’s syndrome.
Clin Psychiatry 1992;53:319–323.

22. Kwak C, Vung KD, Jankovic J. Premonitory sensory phenomenon in Tourette syndrome. Mov
Disord 2004 (in press).

23. Jankovic J. Botulinum toxin in the treatment of dystonic tics. Mov Disord 1994;9:347–349.
24. Kwak C, Hanna P, Jankovic J. Botulinum toxin in the treatment of tics. Arch Neurol

2000;57:1190–1193.
25. Marras C, Andrews D, Sime E, Lang A. Botulinum toxin for simple motor tics: a randomized,

double-blind, controlled clinical trial. Neurology 2001;56:605–610.
26. Graybiel A, Aosaki T, Flaherty A. The basal ganglia and adaptive motor control. Science

1994;265:1826–1831.
27. Fried I, Katz A, McCarthy G, et al. Functional organization of human supplementary motor cor-

tex studied by electrical stimulation. J Neurosci 1991;11:3656–3666.
28. Jimenez-Jimenez F, Garcia-Ruiz P. Pharmacological options for the treatment of Tourette’s dis-

order. Drugs 2001;61:2207–2220.
29. Singer H. The treatment of tics. Curr Neurol Neurosci Rep 2001;1:195–202.



Malignant Phonic Tics 173

30. Robertson M, Stern J. Gilles de la Tourette syndrome: symptomatic treatment based on evidence.
Eur Child Adolesc Psychiatry 2000;9(Suppl 1):160–175.

31. Onofrj M, Paci C, D’Andreamatteo G, Toma L. Olanzapine in severe Gilles de la Tourette syn-
drome: a 52-week double-blind cross-over study vs. low-dose pimozide. J Neurol 2000;247:443–446.

32. Bruggeman R, van der Linden C, Buitelaar J, Gericke G, Hawkridge S, Temlett J. Risperidone
versus pimozide in Tourette’s disorder: a comparative double-blind parallel-group study. J Clin
Psychiatry 2001;62:50–56.

33. Sallee F, Kurlan R, Goetz C, et al. Ziprasidone treatment of children and adolescents with
Tourette’s syndrome: a pilot study. J Am Acad Child Adolesc Psychiatry 2000;29:292–299.

34. Jankovic J, Beach J. Long-term effects of tetrabenazine in hyperkinetic movement disorders.
Neurology 1997;48:358–362.

35. Hunter CB, Wang A, Vuong KD, Jankovic J. Tetrabenazine in the treatment of Tourette syn-
drome. Mov Disord 2002;17(Suppl 5):S341.

36. Scahill L, Chappell P, Kim Y, Schultz R, et al. A placebo-controlled study of guanfacine in the
treatment of children with tic disorders and attention deficit hyperactivity disorder. Am J Psy-
chiatry 2001;158:1067–1074.

37. Gaffney G, Perry P, Lund B, Bever-Stille K, Arndt S, Kuperman S. Risperidone versus clonidine
in the treatment of children and adolescents with Tourette’s syndrome. J Am Acad Child Adolesc
Psychiatry 2002;41:330–336.

38. Muller-Vahl K, Schneider U, Koblenz A, et al. Treatment of Tourette’s syndrome with Delta 9-
tetrahydrocannabinol (THC): A randomized crossover trial. Pharmacopsychiatry 2002;35:57–61.

39. Piacentini J, Chang S. Behavioral treatments for Tourette syndrome and tic disorders: state of the
art. Adv Neurol 2001;85:319–331.

40. Bergin A, Waranch H, Borwn J, Carson K, Singer H. Relaxation therapy in Tourette syndrome: a
pilot study. Pediatr Neurol 1998;18:136–142.

41. Evers R van de Wetering B. A treatment model for motor tics based on a specific tension-reduc-
tion technique. J Behav Ther Exp Psychiatry 1994;25:255–260.

42. Hsiung G, Das S, Ranawaya R, Lafontaine A, Suchowersky O. Long-term efficacy of botulinum
toxin A in treatment of various movement disorders over a 10-year period. Mov Disord
2002;17:1288–1293.

43. Comella CL, Simpson L, Jankovic J. Botulinum toxins: transformation of a toxin into a treat-
ment. In: Waxman SG, ed. Neuroscience, Molecular Medicine, and the Therapeutic Transforma-
tion of Neurology. Elsevier/Academic, 2004, in press.



Serotonin Syndrome 175

175

From: Current Clinical Neurology: Movement Disorder Emergencies: Diagnosis and Treatment
Edited by: S. J. Frucht and S. Fahn © Humana Press Inc., Totowa, NJ

16
Serotonin Syndrome

Mark Forrest Gordon and Adena Leder

PATIENT VIGNETTES
Patient 1: A 34-year-old woman had a history of migraine with aura since age 16

and recent postpartum depression. Approximately 6 months ago, she started
fluoxetine for depression and migraine prophylaxis. At her most recent clinic ap-
pointment, she also started sumatriptan to abort her migraines. Two weeks later, 1
hour after her third subcutaneous 6-mg dose of sumatriptan, she presented to the emer-
gency room. Her exam showed diaphoresis, agitation, confusion, dysarthria, stagger-
ing gait, and occasional myoclonic jerks in the legs.

Patient 2: A 73-year-old man with a 7-year history of Parkinson’s disease, pro-
gressive motor impairment, and depression was taking carbidopa/levodopa (C/L) and
selegiline. Sertraline was recently added. About three nights ago, he abruptly stopped
his C/L and selegiline. On arrival in the emergency room, he was confused, shivering
and stiff, with involuntary movements.

INTRODUCTION

In 1960, Oates and Sjoerdsma (1) first identified the serotonin syndrome in de-
pressed patients. The patients exhibited diaphoresis, change in mental status, rest-
lessness, ataxia, and lower extremity hyperreflexia. The authors attributed this
syndrome to increased levels of serotonin from concurrent use of L-tryptophan and
monoamine oxidase inhibitors (MAOIs). The serotonin syndrome has three mani-
festations: cognitive, autonomic, and neuromuscular, as outlined in Table 1 (2).
Each of these groups includes various features that may or may not be present.
When diagnosing the serotonin syndrome, at least one feature from each group
should be present. Rarely, the serotonin syndrome causes high fever, seizures, nys-
tagmus, oculogyric crisis, opisthotonus, dysarthria, and parasthesias.

In 1991, Sternbach (3) proposed criteria for the diagnosis of serotonin syndrome:
(a) coincident with the addition of or increase in a known serotonergic agent to an
established medication regimen, at least three of the following clinical features are
present: mental status changes; agitation; myoclonus; hyperreflexia; diaphoresis;
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shivering; tremor; diarrhea; incoordination; fever; (b) other etiologies (e.g., infec-
tious, metabolic, substance abuse or withdrawal) have been ruled out; (c) a neuro-
leptic had not been started or increased in dosage prior to the onset of the signs and
symptoms listed.

NEUROCHEMISTRY AND NEUROANATOMY

Serotonin is synthesized from the amino acid tryptophan (Fig. 1). Tryptophan is
transported into the brain from the plasma. Tryptophan is one of the eight essential
amino acids, and the body cannot synthesize it—it must be ingested with foods.
Foods that are high in tryptophan include dairy products, beef, poultry, barley,
brown rice, fish, soybeans, legumes, and peanuts. Adults require 720–960 mg per
day of tryptophan (4).

Once tryptophan enters the serotonin neuron, the following conversion occurs:
Tryptophan  5-hydroxytryptophan (5-HTP) using the enzyme tryptophan hy-

droxylase.
5-HTP  serotonin (5-HT) using the enzyme aromatic amino acid decarboxylase.
The rate-limiting step of the pathway is production of 5-HTP by tryptophan hy-

droxylase. Serotonin is a monoamine present throughout the body. Only 1 to 2% of

Table 1
Clinical Manifestations of the Serotonin Syndrome

(1) Cognitive and behavioral features:
• Confusion/disorientation
• Agitation/irritability
• Coma/unresponsiveness
• Anxiety
• Hallucinations (visual and auditory)

(2) Autonomic features:
• Hyperthermia
• Diaphoresis
• Sinus tachycardia
• Hypertension
• Dilated pupils
• Nausea
• Flushing

(3) Neuromuscular features:
• Myoclonus (especially in the legs)
• Hyperreflexia (in the legs more than the arms)
• Muscle rigidity
• Restlessness/hyperactivity
• Tremor
• Ataxia
• Extensor plantar responses

Adaped from ref. 2.
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its entire body content is in the central nervous system (CNS). Serotonin is unable
to cross the blood–brain barrier.

Many serotonin receptors have been identified. The 5-HT1A, 5-HT1B, 5-HT1C,
5-HT1D, and 5-HT2 receptors are single-subunit proteins that are members of the
G protein-receptor superfamily. This receptor family is characterized by the pres-
ence of seven transmembrane domains, an intracellular carboxy-terminus, and an
extracellular amino-terminus. It is the interaction of the receptor with the G protein
that allows the receptor to modulate the activity of different effector systems, such
as ion channels, phospholipase C, and adenyl cyclase (5).

The 5HT-1 receptor family contains receptors that are negatively coupled to
adenyl cyclase, and includes the 5-HT1A receptor. The 5-HT1A receptor is coupled
via G proteins to two distinct effector systems: (1) the inhibition of adenyl cyclase
activity, and (2) the opening of potassium channels, which results in neuronal hy-
perpolarization. Two serotonin receptors are presynaptic: 5-HT1A and 5-HT1D.
These receptors act as auto-receptors and when they sense the presence of 5-HT,
prevent further 5-HT release by a process called feedback inhibition.

Several serotonin receptors are postsynaptic, including 5-HT1A, 5-HT1D, and
5-HT2A (the latter one also known as the 5-HT2 receptor). These receptors are
responsible for postsynaptic nerve stimulation or inhibition. The 5-HT1A and 5-
HT2 have been implicated in the serotonin syndrome. The pathophysiology is pre-
sumed to involve hyperstimulation of the brainstem and spinal cord 5-HT1A
receptors by combining serotonergic agents with MAOIs. The 5-HT2, -adrener-
gic, and dopaminergic systems are also thought to play a role in the serotonin syn-
drome. Activation or modification of 5-HT1A in brainstem and spinal cord neurons
with enhancement of overall neurotransmission may cause the serotonin syndrome.

The evidence implicating serotonin as the cause of the serotonin syndrome is
largely based on animal models. Human studies have been anecdotal, and the
mechanism of the serotonin syndrome remains unclear (3). Serotonergic neurons
are restricted to midline structures of the brainstem. Most serotonergic cells over-
lap with the distribution of the raphe nuclei in the brainstem. A rostral group (B6–
8 neurons) projects to the thalamus, hypothalamus, amygdala, striatum, and cortex.

Fig. 1. Chemical structure of serotonin.
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The largest group of serotonergic cells is B7, which is continuous with a smaller
group of serotonergic cells, B6. Groups B6 and B7 together comprise the dorsal
raphe nucleus. A more caudal group (B1–4 neurons) of serotonergic cells is found
in the mid-pons to caudal medulla and projects to other brainstem neurons, the
cerebellum, and the spinal cord. In the medulla, serotonergic neurons lie in the
nuclei raphe magnus, raphe obscurus, and raphe pallidus, and give rise to descend-
ing spinal projections.

The principal ascending fibers arise from serotonin-containing cell bodies lo-
cated in the dorsal (supratrochlear) and median (superior central) nucleus of the
raphe nuclei. The major ascending pathway from the rostral raphe nuclei passes
through the ventral tegmental area and joins the medial forebrain bundle in the
lateral hypothalamus. The superior central nucleus is particularly associated with
serotonergic fibers projecting to the interpeduncular nucleus, the mammillary bod-
ies and the hippocampal formation. Ascending projections from the caudal raphe
nuclei are less numerous and distribute to the superior colliculus, the pretectum,
and the nuclei of the posterior commissure. Ascending serotonergic pathways from
the superior central nucleus project mainly to mesolimbic structures, such as hip-
pocampus and the septal nuclei, whereas the dorsal nucleus of the raphe has major
projections to the neostriatum and substantia nigra.

Serotonin has been implicated in appetite, emotion, and motor, cognitive, and
autonomic (sympathetic) function. Studies of the firing rate of serotonergic soma in
the raphe nuclei suggest that serotonergic activity correlates with behavioral
arousal, motor output, circadian rhythm, neuroendocrine function, eating, and sleep-
ing. Precursors of 5-HT, releasing agents, reuptake inhibitors, and receptor ago-
nists and antagonists have been used to assess serotonergic function (5).

EPIDEMIOLOGY AND TRIGGERS

Serotonin syndrome is an iatrogenic disorder related to drugs that augment sero-
tonin transmission. It occurs in patients treated for depression (most commonly),
bipolar affective disorder, obsessive-compulsive disorder, eating disorder with de-
pression, Parkinson’s disease (PD), and even migraine. The patient’s age and gen-
der are not known predispositions to the development of serotonin syndrome.
Serotonin syndrome generally occurs when two or more serotonergic drugs are
taken concurrently, but it also occurs in cases with single drug exposures and over-
doses. Antidepressants are the most common class of drugs to produce serotonin
syndrome. Specifically, MAOIs, selective and nonselective serotonin reuptake in-
hibitors, and tricyclic antidepressants can cause the serotonin syndrome. There are
many other serotonergic drugs reported to produce serotonin syndrome. Table 2,
derived from Mills (2), lists mechanisms of action and names of serotonergic drugs.

The serotonin syndrome is most commonly the result of the interaction between
serotonergic agents and MAOIs. Monoamine oxidase (MAO)-A has greater affin-
ity for serotonin, whereas MAO-B has a higher affinity for dopamine. Classical
MAOIs produce irreversible inhibition of MAO enzyme activity. MAO enzyme
activity is regenerated in approx 2 weeks as a result of the gradual production of
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Table 2
Mechanisms of Action and Names of Serotonergic Drugs

Increase serotonin synthesis
L-tryptophan

Decrease serotonin metabolism
Isocarboxazid (Marplan)
Phenelzine (Nardil)
Selegiline (Eldepryl)
Tranylcypromine (Parnate)
Moclobemide

Increase serotonin release
Amphetamines
Cocaine
Fenfluramine (Pondimin)
Reserpine

Inhibit serotonin uptake
Tricyclic antidepressants
Selective serotonin reuptake inhibitors
Other uptake inhibitors

Amphetamines
Cocaine
Dextromethorphan
Tramadol (Ultram)
Meperidine (Demerol)
Venlafaxine (Effexor)
Clomipramine

Direct serotonin receptor agonists
Buspirone (Buspar)
Lysergic acid diethylamide (LSD)
Sumatriptan (Imitrex)

Nonspecific increase in serotonin activity
Electroconvulsive therapy
Lithium

Dopamine agonists
Amantadine (Symmetrel)
Bromocriptine (Parlodel)
Bupropion (Wellbutrin)
Levodopa

Adapted from ref. 2.

uninhibited MAO enzyme. Therefore, when a patient changes from an MAOI to a
different class of serotonergic agent, a 2-week period must elapse between the two
drugs. Serotonin syndrome may also occur with moclobemide, a reversible inhibi-
tor of monoamine oxidase-A (RIMA [6]).
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Increased concentrations of dopamine in the CNS can induce the serotonin syn-
drome by indirect serotonin release. Specifically, patients with PD are at risk to
develop this syndrome. Levodopa, bromocriptine, and selegiline have all been as-
sociated with serotonin syndrome. The association of PD and serotonin syndrome
is attributed to the high rate of depression among patients with PD, with many of
these patients concurrently using an antidepressant and a dopaminergic agent.
Toyama and Iacono (7) suggested that patients with PD might be protected from
the serotonin syndrome by decreased serotonergic functioning, shown by loss of
serotonergic neurons and decreased serotonin metabolites. A chart review by Wa-
ters (8) of 23 patients receiving combined fluoxetine and selegiline (an MAO-B
inhibitor) and another chart review by Toyama (7) of 25 patients receiving com-
bined serotonin-specific reuptake inhibitors (SSRIs) and selegiline both revealed
no serious side effects. Nevertheless, it remains unclear how safe it is to use an SSRI.

Some narcotic analgesics, such as meperidine, dextromethorphan, and tramadol,
are SSRIs (increase CNS serotonin) and may cause serotonin syndrome. Zornberg
(9) described a patient taking meperidine and selegiline who developed possible
serotonin syndrome. Meperidine, dextromethorphan, and tramadol are contraindi-
cated in patients using MAOIs, including selegiline, and should be used with cau-
tion in patients using other serotonergic drugs. Fluoxetine has unique
pharmacokinetics, which makes it prone to cause serotonin syndrome. The half-life
of fluoxetine is 1 to 4 days, but its active metabolite has a half-life of 7 to 14 days.
To decrease the risk of serotonin syndrome, when discontinuing fluoxetine, a pa-
tient should wait 5 weeks before starting another serotonergic agent. Durson (10)
reported a patient who developed serotonin syndrome while taking carbamazepine
and fluoxetine.

In addition to traditional prescription antidepressants, herbal antidepressants may
also cause serotonin syndrome. The mechanism of St. John’s Wort (Hypericum
perforatum) is not entirely clear. It is hypothesized that it may reduce the expres-
sion of serotonin receptors, increase the numbers of 5HT-1A and 5-HT2A recep-
tors, and inhibit synaptosomal serotonin uptake. Parker (11) reported a patient who
developed cognitive and autonomic symptoms following ten days of monotherapy
with St. John’s Wort. Other herbal remedies that may also increase the activity of
serotonin include ginseng, Brewer’s yeast, and yohimbine.

SPECIFIC CLINICAL SETTINGS

Misdiagnosis of Serotonin Syndrome
as Neuroleptic Malignant Syndrome

Neuroleptic malignant syndrome (NMS) is a potentially lethal disorder that is
most often seen in psychiatric patients. NMS is also seen in patients with PD and is
frequently triggered by withdrawing dopaminergic agents. The disorder likely oc-
curs as a result of blockade of central dopamine receptors in the basal ganglia and
hypothalamus, and blockade of peripheral postganglionic sympathetic neurons in
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smooth muscle. The clinical picture may mimic serotonin syndrome. The fourth
edition of American Psychiatric Association’s Diagnostic and Statistical Manual
of Mental Disorders (DSM-IV-TR) (12) defines NMS as the development of severe
muscle rigidity and elevated temperature in association with two or more of the
following: diaphoresis, dysphagia, tremor, incontinence, changes in level of con-
sciousness, mutism, tachycardia, elevated or labile blood pressure, leukocytosis,
and laboratory evidence of muscle injury (elevated creatinine phosphokinase).
Table 3, derived from Mills (2), compares the serotonin syndrome and the NMS.
Distinguishing the two syndromes can be challenging.

Serotonin Syndrome in Migraine Patients
Classically, the serotonin syndrome was described in psychiatric patients and

patients with PD, but more recently it has been identified in migraineurs as well.
Patients with recurrent migraines have been hypothesized to have chronically low
levels of systemic 5-HT. Agents that increase serotonin in the CNS have shown to
be effective in treating migraine. Sumatriptan selectively activates the 5-HT1D re-
ceptor. Dihydroergotamine (DHE), another 5-HT agonist, is more potent at the 5-
HT1A than the 5-HTD receptor. Additionally the SSRIs, which are used for
migraine prophylaxis, inhibit serotonin reuptake. Several cases of serotonin syn-
drome were reported in migraine patients treated with prophylactic and/or abortive
agents (13,14). The responsible agents include sumatriptan with lithium,
methysergide, sertraline, and DHE with lithium, imipramine and paroxetine. Other
reported cases used a different combination of 5-HT1 agonist with a serotomimetic
agent.

HIV-Positive Patients
Human immunodeficiency virus (HIV)-positive patients are at risk for develop-

ing the serotonin syndrome. Because depression is prevalent among HIV-positive
patients, serotonin reuptake inhibitors are frequently prescribed in these patients.
Antiretroviral agents inhibit serotonin metabolism via the cytochrome P450 sys-
tem. Although ritonavir specifically inhibits the 2D6 isoenzyme, many other
antiretrovirals inhibit the 3A4 enzyme. DeSilva (15) described five cases of seroto-
nin syndrome in HIV-positive patients taking fluoxetine with protease inhibitors
and non-nucleoside reverse transcriptase inhibitors. Fluoxetine is metabolized by
P450 2D6 to an active metabolite norfluoxetine, which is then further metabolized
by 2D6. The long half-life of fluoxetine likely contributes to this problem.

Drugs of Abuse
3,4-Methylenedioxymethamphetamine (MDMA) or “Ecstasy” has become one

of the most popular recreational drugs over the past 15 years. MDMA increases
serotonin availability by stimulating its release from presynaptic terminals and pre-
venting its reuptake. In addition to serotonin, MDMA is thought to affect other
neurotransmitters, including dopamine. MDMA, a synthetic amphetamine, is re-
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lated to mescaline, a hallucinogen. Initially in the 1980s, MDMA was used as a
psychotherapeutic adjunct. Today MDMA is used in dance clubs, and its popularity
is likely the result of its positive effect on mood and well being. The drug is used
via several routes: oral, injection, smoking, and nasal. According to Parrot (16),
about 85 to 90% of recreational Ecstasy users (“ravers”) reported an increase in
body temperature, increase in sweating, and dehydration. Other physical reactions
from MDMA include bruxism and trismus. Deaths in UK “rave” parties were at-
tributed to serotonin syndrome following ingestion of MDMA (17). The factors
that contribute to death from MDMA ingestion may include dosage, individual sen-
sitivity, tolerance, variability in drug metabolism, and concomitant use of anti-
depressants or other recreational drugs including cocaine, amphetamines, cannabis
or alcohol.

Pediatric Population
Serotonin syndrome occurs in the pediatric population, and the syndrome is more

frequently seen with the increased treatment of children with behavioral disorders

Table 3
Comparison of the Serotonin Syndrome and the Neuroleptic Malignant Syndrome

Serotonin syndrome Neuroleptic malignant syndrome

Cause of syndrome Dopamine agonist Dopamine antagonists
Serotonin agonist Withdrawl of dopamine agonists

Onset of signs Within minutes to hours Gradually in days to weeks
and symptoms

Resolution of Improves in < 24 hours Slower to resolve (average of 9 days)
symptoms

Hyperthermia 45% >90%
>38.0°C/100.4°F

Altered level 50% >90%
of consciousness

Autonomic 50–90% >90%
  dysfunction
Muscle rigidity 50% >90%
Leukocytosis 11% >90%
Increased creatinine 15% >90%

phosphokinase level
Elevated liver 8% >75%

transaminase
Metabolic acidosis 9% Common
Hyperreflexia Very common Rare
Myoclonus Very common Rare
Therapy: Exacerbate condition Improve

dopamine agonists
Therapy: May improve condition No effect

serotonin antagonists

Adapted from ref. 2.
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with serotonergic agents. Additionally, unintentional exposures of children to sero-
tonergic drugs may occur as a result of the rising number of serotonergic antide-
pressants being prescribed to adults. Several case reports describe children who
developed the serotonin syndrome after overdosing on serotonergic antidepressants,
and even while on therapeutic doses of these drugs in combination with other sero-
tonergic drugs (18,19). Dextromethorphan, a widely used agent in cough syrups,
should be given cautiously to children who take behavior-modifying medications
because it may trigger the serotonin syndrome.

MANAGEMENT

Laboratory Studies
There are no specific laboratory tests that will help to positively identify the

serotonin syndrome. Laboratory data are useful to eliminate other problems (infec-
tion, drug intoxication, etc.) and to identify any complications of serotonin syn-
drome. It is not necessary to demonstrate increased drug levels of the serotonergic
agents. In fact, the majority of patients do not have elevated drug levels. The sero-
tonin metabolite, 5-HIAA, can be measured, but this does not aid in diagnosis.

In NMS, serum creatinine kinase (CK) and polymorphonuclear leukocytes are
generally increased, whereas in serotonin syndrome these levels are either normal
or mildly increased. Carcinoid syndrome, which can mimic the serotonin syndrome,
can be ruled out by checking 5-HIAA, the marker for carcinoid. An electroencepha-
logram may be necessary to rule out seizures. Complications of serotonin syndrome
include rhabdomyolysis (with increased CK), hypoxia (resulting from respiratory
muscle rigidity or coma), disseminated intravascular coagulation (from multiple
organ failure), metabolic acidosis (from seizures or ventricular tachycardia), and
aspiration pneumonia (from decreased level of consciousness).

Management
Serotonin syndrome must be promptly recognized, and supportive care is criti-

cal. All serotonergic agents must be immediately discontinued. Intensive care unit
monitoring may be necessary. In severe cases, external cooling, muscular paralysis
with neuromuscular blocking agents, mechanical ventilation, and sedation with an
intravenous benzodiazepine may be necessary. Benzodiazepines may have a pro-
tective role as a result of nonspecific inhibitory effects on serotonergic transmis-
sion. The benzodiazepines also treat muscle hypertonia. Aside from
benzodiazepines, other agents that may modify serotonergic excess include non-
specific serotonin receptor blockers, such as cyproheptadine, chlorpromazine, and
methysergide. Table 4 reviews the management of serotonin syndrome. The prog-
nosis of serotonin syndrome is generally good, with improvement generally within
24 hours of symptom onset. Cyproheptadine is a first-generation histamine-1 re-
ceptor-blocking agent with nonspecific antagonist properties at 5-HT1A and 5-HT2
receptors. Patients with the serotonin syndrome often respond within 1 to 2 hours of
receiving 4–8 mg of cyproheptadine by mouth (20). There is no parenteral formulation.

The treatment of serotonin syndrome in children is similar to that in adults. Rec-
ognition of the syndrome and discontinuation of the offending agent(s) are again
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Table 4
Management of Serotonin Syndrome

–Prompt recognition
–Supportive care
–Discontinuation of all serotonergic agents
–Intensive care unit monitoring, if needed
–External cooling
–Muscular paralysis with neuromuscular blocking agents
–Mechanical ventilation
–Sedation and muscle relaxation with intravenous benzodiazepine
–Nonspecific serotonin receptor blockers, such as cyproheptadine,

chlorpromazine, and methysergide
–Electroconvulsive therapy

critical. Supportive care, maintenance of high urine output, and prevention of
rhabdomyolysis are key. Cyproheptadine is recommended in severe cases of sero-
tonin syndrome in children. The pediatric dose is 0.25 mg/kg per day, with a maxi-
mum dose of 12 mg per day. A few case reports suggest that serotonin syndrome
may also resolve with electroconvulsive therapy (ECT). For example, Nisijima (21)
reported a depressed patient with diaphoresis, tremor, and myoclonus who was di-
agnosed with serotonin syndrome (by Sternbach’s criteria). The patient was refrac-
tory to medical therapies, and the serotonin syndrome resolved and the depression
lessened with ECT.

To decrease the risk of serotonin syndrome, it is important to avoid prescribing
more than one serotonergic agent. If it becomes necessary to do so, the patient
should be monitored closely for serotonin syndrome. MAOIs should not be used
with other serotonergic agents. When switching agents, a 5-week washout period is
necessary after discontinuing fluoxetine, and a 2-week washout period is necessary
after discontinuing an MAOI. When prescribing a serotonergic agent, it is impor-
tant to obtain a clear history of other drugs or herbs that the patient is currently
taking or has recently discontinued (and record the date of cessation).

CONCLUSION

Serotonin syndrome is an uncommon but dangerous condition related to excess
serotonergic activity. Fortunately, knowledge of drug mechanisms, pharmacody-
namics, and interactions can help prevent this syndrome. Prompt identification and
management will produce a satisfactory outcome in most cases.
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Risks and Dangers From Hyperekplexia

and Other Startle Disorders

Frederick Andermann and Eva Andermann

PATIENT VIGNETTE
A neurological consultation is requested in the neonatal intensive care unit for a

newborn infant who is noted to be extremely jittery. On examination, the baby is
neurologically normal except for exaggerated response to tactile and auditory stimuli,
lack of habituation on nose tap, and an exaggerated and sustained Moro response.
Resting tone is markedly increased, particularly in axial muscles. On one occasion, a
flurry of monitor noises triggers jerks and sustained stiffening that produce a 30-
second apneic pause. Based on the examination, hyperekplexia is diagnosed, and
clonazepam markedly attenuates the startle and stiffening. Screen of the patient’s
family reveals one other affected child, who startles to loud noises.

INTRODUCTION

It is customary to start a presentation on startle by referring to the normal reflex,
a common reaction in animals and humans, preparing the subject to respond by
fighting or by escaping as quickly as possible (1). Fatigue or stress predisposes to
increased startle, and there is great variation of the tendency to startle in the popu-
lation, with some individuals aptly described as hyperstartlers. Excessive startle is
also a frequent but not an obligatory feature of people with tics or Tourette’s syndrome.

The three main disorders manifesting with excessive startle are hyperekplexia,
startle epilepsy, and jumping (2). The early distinction between startle epilepsy and
startle disease comes from the work of Alajounanine and Henry Gastaut, who used
the terms “maladie du sursaut” for the nonepileptic process and “epilepsie sursaut”
for persons in whom the excessive startle was coupled with epileptic clinical mani-
festations (3). Although startle disorders are often benign, there are risks in some
affected individuals including a danger of mortality in some affected individuals.

HYPEREKPLEXIA
Kirstein and Silverskjold were the first to report a family with several affected

individuals. Although they considered this an unusual form of epilepsy, in retro-
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spect these individuals were affected with startle disease (4). Two major papers
were then published by Kok and Bruyn (5) and by Suhren, Bruyn, and Tuynman
(6), and the clinical pattern of nonepileptic startle disease, or hyperekplexia,
emerged (7). Exaggerated and persistent startle to unexpected auditory, somatosen-
sory, or visual stimuli is the defining feature of this syndrome. The disease usually
presents in infancy, although presentations have been reported in the perinatal pe-
riod (8). Attacks of tonic stiffening may interfere with breathing, and affected chil-
dren have been described with “stiff-baby syndrome” (9). Recognition of these
attacks and identification of children of affected parents who may be at risk is criti-
cal to prevent sudden death from stiffening leading to apnea. Associated clinical
features include regurgitation, hiatal, inguinal, or umbilical hernias, and congenital
dislocation of the hips (presumably as a result of rigidity).

Infants often experience delay in walking, and develop falling attacks as a result
of brief generalized tonic spasms. These may occur in response to surprise, sensory
stimuli, and strong emotions such as stress or fright. The child typically falls with-
out being able to prevent him- or herself, but without loss of consciousness. Often
the peculiarity of the stimuli and circumstances lead to the diagnosis. One of our
patients carried a diagnosis of spastic quadriparesis, a common mistake because
affected children are often rigid. The child collapsed like a log when he caught a
small fish, which fell on to him as he pulled it out of the water.

In older children and occasionally in adults, a short period of generalized stiff-
ness may follow the startle response. Voluntary movements become impossible,
resulting in unprotected falls, fractures, and rare head injury. A diagnosis of epi-
lepsy is usually entertained, and inappropriate overmedication with anti-epileptic
drugs is not infrequent.

Excessive startle persists throughout life and is best elicited by gently tapping
the tip of the nose or forehead. This response is similar to the McCarthy reflex. It
may also be more apparent under stressful conditions. The hypertonia or general-
ized muscular rigidity gradually diminishes with time, but the exaggerated response
to startle persists, leading to an unusual gait. Somewhat broad-based with a ten-
dency to walk along and touch the wall, patients appear fearful in an attempt to
anticipate abnormal stimuli. Considerable embarrassment and limitation of activity
are common.

Hyperreflexia is sometimes present, particularly in the lower extremities. Noc-
turnal episodes of generalized clonus may develop, typically affecting the legs and
lasting up to minutes. Fatigue, loss of sleep, or stress may precipitate these events.
The attacks are generally well recognized by the families, but because they are
unusual they may be inappropriately diagnosed as conversion reactions (10). Sus-
tained stiffness is seen in childhood or adults, occasionally involving one or more
limbs. In the limited experience known, this has been associated with recurrences
of symptoms related to cessation of medication (11).

Affected individuals possess normal intelligence, but occasional patients have
some degree of mental retardation and epileptogenic electroencephalogram (EEG)
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abnormalities may be present (6). This suggests more widespread cerebral involve-
ment. Patients with hereditary hyperekplexia respond dramatically to clonazepam,
which abolishes most clinical features except for head retraction on nose and fore-
head tapping (7).

Because of intermittent excessive startle in family members of clearly affected
individuals, we wondered about the possibility of a minor form of the disorder in
addition to the full-blown or major form of startle disease (6,7). The mother of two
affected girls, while going through a difficult divorce, startled excessively and lit-
erally rose off the chair when the phone rang, but these features disappeared as her
life settled down. Later studies by Tijssen and colleagues suggested that this minor
form merely represents excessive physiological startle, because these individuals
did not have the identified molecular mutation (12).

Startle disease is inherited as an autosomal dominant, with a high penetrance of
more than 90% and with variable expressivity. Sporadic and autosomal recessive
forms have been described, and the familial and sporadic cases appear to have the
same clinical phenotype. Sporadic cases may represent either a new mutation in the
proband, autosomal recessive inheritance, germline mosaicism, or lack of pen-
etrance in affected relatives (7,13,14).

In the last decade, the molecular basis of startle disease has been linked to an
abnormality of the inhibitory glycine receptor (GLYR) (15). Two different mis-
sense mutations have been identified in the same base pair of exon 6 of the 1
subunit of the inhibitory glycine receptor GLRA1: G1192A and G1192T. These
result in amino acid substitutions at codon 271 of arginine > leucine and arginine >
glutamine, respectively. Mutations were found in four of seven families tested. The
first mutation was confirmed in a Swiss family reported by Schorderet (16), and in
the original German Dutch family described by Suhren.

The finding of two point mutations at the same position suggested that the argi-
nine at position 271 is critical for the function of the inhibitory GLYR. The muta-
tion was not present in individuals in the German Dutch family affected with the
minor form—that is, in individuals with only an excessive startle reaction to unex-
pected stimuli (17). Functional studies of the inhibitory GLYR showed that picro-
toxin is a competitive antagonist of the 1 subunit of the human GLYR. The two
mutations described transform picrotoxin from an allosterically active competitive
antagonist to an allosteric potentiator at low concentrations and to an uncompetitive
antagonist at higher concentrations. Thus the allosteric transduction pathways of
both agonists and antagonists converge at a common residue, suggesting that this
residue may act as an integration point for information from various extracellular
ligand-bindings sites (18).

Functional studies have shown that agonist binding in the GLYR initiates open-
ing of a chloride-selective channel that modulates the neuronal membrane poten-
tial. Missense mutations substituting arginine 271 with either leucine or glutamine
change GLYR single-channel conductances to lower conductance levels. The bind-
ing of the glycinergic agonists -alanine and taurine to mutated GLYRs does not
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initiate chlorine current, but competitively antagonizes currents activated by gly-
cine. Thus, arginine 271 mutations result in uncoupling of the agonist-binding pro-
cess from the channel activation mechanism of the receptor.

In summary, there has been an enormous amount learned regarding the molecu-
lar basis of hyperekplexia during the last decade. Nine mutations of the GLYRA1
gene have been identified, five dominant and four recessive. One of the recessive
mutations is a null mutation, and two others occurred in a compound heterozygote.
In a number of familial cases, no mutation of GLYR has been identified. This sug-
gests nonallelic genetic heterogeneity and the possibility of mutations in other
GLYR subunits exists. Three mouse models of hyperekplexia have been identified,
one with a missense mutation of GLYRA1, one with an insertion mutation at
GLYRB, and one null allele at GLYRA1 (19).

These molecular advances should lead to improved genetic counseling, preven-
tion of neonatal deaths and complications, increased knowledge of the mechanisms
involved in abnormal startle, and eventually rational therapy. For the time being,
treatment with clonazepam or with valproic acid in low doses brings about ad-
equate, although incomplete, improvement (7,11,19). There are also patients with
symptomatic hyperekplexia as a result of central nervous system pathology. Pa-
tients with static perinatal (20), postanoxic (1), posttraumatic encephalopathy (2),
sarcoidosis (1), and paraneoplastic etiology (2) have been described. Brainstem
lesions (21,22) may also produce this clinical picture. These various symptomatic
startle abnormalities must be distinguished from startle epilepsy, which is some-
times difficult given the paucity of EEG abnormalities in some patients with frontal
epilepsy. The prognosis of symptomatic hyperekplexia depends on the underlying cause.

STARTLE EPILEPSY
In startle epilepsy, auditory, tactile, or more rarely, visual stimuli trigger sei-

zures. The coexistence of neurological abnormalities facilitates the diagnosis.
Startle epilepsy may occur in patients with infantile hemiparesis, quadriparesis,
diffuse encephalopathy, and secondary generalized epilepsy, Down syndrome and,
very rarely, in patients with normal intelligence and normal neurological exams.
The pathophysiology of startle epilepsy has been studied by Chauvel (23). Seizures
start in the muscles first involved in the startle reflex, and propagate to the con-
tralateral limb and then to the ipsilateral side. The abnormality is usually frontal or
frontoparietal, involving the supplementary motor area in the vicinity of the para-
central lobule (24,25). Aguglia and Gastaut found mesial frontal atrophy in 40% of
patients with startle epilepsy, frontocentral spikes in 50%, evoked frontocentral
spikes in 33%, and frontal spike foci in all (26).

Startle epilepsy is quite variable in its response to antiepileptic medication. Some
patients are easily controlled and remain with only minor, although still abnormal,
responses to startle. In others, the abnormal response progresses to falling with
attendant risks of injury despite optimal anti-epileptic medication. In the presence
of identifiable structural lesions, surgical treatment after appropriate localization
studies is quite effective. In others, particularly in the absence of a visible lesion,
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the potential for surgical treatment is low and occasional patients are confined to
life in a wheelchair. Jimenez Roldan has suggested a specific response of startle
epilepsy to clonazepam, but this has not been confirmed by himself or others (27).

JUMPING AND OTHER CULTURE-BOUND SYNDROMES

Excessive startle is also a feature of the culture-bound syndromes first described
in the late 1800s. The Jumping Frenchmen of Maine, loggers from the Beauce re-
gion of Quebec working in the Moosehead Lakes area of Maine, were described by
Beard (28). Their clinical features were excessive startle, echolalia, echopraxia,
and forced obedience. Later studies by Kunkle have stressed the occasional late
appearance of symptoms after a nonspecific illness (29). The familial nature is ob-
viously not compatible with a learned process, though good family studies are not
available. Drs. Marie Helene and Jean Marc St. Hilaire described several jumpers
who, in response to startle, adopted a fighting stance and swore (30). They, like
Rabinovitch (31), assumed that this was a learned behavior designed to amuse by-
standers by startling susceptible individuals, but this is unlikely to explain the ge-
netic features.

In patients with the culture-bound syndromes, forced obedience to such orders
as “throw it,” “punch,” or “hit” may bring about not only embarrassment, but also
occasionally danger. An analogous disorder, Myriachit, Amurath, or Icotta, has
been described in Siberia, the former by Hammond, then surgeon general of the
United States (32). Latah in Malaysia, Goosey in the United States, Jaun in
Myanmar, Bah Tsche in Thailand, Mali Mali and Silok in the Philippines, and Panic
in Lapland probably represent analogous, if not identical, disorders (33). The stud-
ies of Simons (34) and Tanner (35) were carried out in Latah subjects in Malaysia.
They stressed the behavioral features and the social utilization of such behaviors.
Imu, a behavioral disorder in the Ainu of Hokkaido in Northern Japan, likely repre-
sents the same process. The early descriptions come from Uchimura, who also
filmed affected persons (36). The current perspective among Japanese neurologists
on Hokkaido suggests that the process occurred mainly in women, and that it is
currently dying out.

When one reviews the descriptions of these various disorders, a great similarity
of the clinical features, with increased startle, echolalia, echopraxia, and, more
rarely, forced obedience, is inescapable. It is the social superstructure that varies;
the clinical features of startle epilepsy and of hyperekplexia are always absent.
Most likely, these culture-bound startle disorders represent an unusual form of tics.
Their molecular basis remains unknown, similar to that of Tourette’s syndrome,
with which they share many clinical features.

CONCLUSION

The differential diagnosis of startle disorders includes the three entities described
here. In most individuals, awareness of the diagnostic possibilities should lead to
recognition of the underlying process, and initiation of treatment.
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Wilson’s Disease

George J. Brewer

PATIENT VIGNETTES
Patient 1: A 26-year-old man presented to a neurologist with a 6-month history of

mild upper extremity tremor. He also felt that during the past year his memory was
not as good as it used to be, and sometimes he had difficulty focusing mentally on
tasks. Otherwise, the patient had been healthy. His family history revealed two ances-
tors on his mother’s side who had had mild tremor. Physical and neurological exami-
nations were negative except for tremor. Laboratory studies were confined to blood
counts and a biochemistry panel, which came back normal.

The neurologist sat across the desk from the patient to discuss the diagnosis. Un-
beknownst to either of them, the patient at this moment faced an emergency. Not an
emergency-room emergency, but a diagnostic emergency. The correct line of think-
ing, including an appropriate differential diagnosis list, would lead to a work-up, the
correct diagnosis, effective treatment, and prevention of further brain damage. In-
stead, the neurologist reassured the patient that he had essential tremor, and that it
would likely be never more than a minor inconvenience. The family history sup-
ported the diagnosis, the neurologist said.

The tremor worsened and the patient sought a second opinion from a movement
disorder specialist. Without work-up other than a neurological exam, this doctor con-
firmed the diagnosis of essential tremor. This neurologist followed the patient, and
over a period of 2 years the patient’s tremor worsened to the point of being partially
disabling. In addition, he developed dysarthria, facial dystonia, drooling, and increas-
ing generalized incoordination. Without further diagnostic work-up the diagnosis was
modified to essential tremor with parkinson-like features. While seeing yet a third
neurologist the patient, who had been educating himself about his symptoms, asked if
he might have Wilson’s disease. The presence of Kayser-Fleischer rings was then
detected, and other tests confirmed Wilson’s disease. Some of the patient’s neuro-
logical damage was permanent, even after several years of effective anticopper
therapy.

Patient 2: The diagnosis of Wilson’s disease had been quickly established in a 23-
year-old female graduate student. She had presented with mild dysarthria and mild
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upper extremity tremor. She had been amenorrheic for about 1 year. The neurologist
to whom the patient had been referred considered Wilson’s disease as part of the
differential and moved quickly to measure urine copper and blood ceruloplasmin,
and ordered a slit lamp examination for Kayser-Fleischer rings. All tests came back
positive.

The neurologist felt good about herself and her clinical acumen as she sat across
her desk from the patient, explaining the diagnosis, and discussing therapy with peni-
cillamine. Unbeknownst to either of them, the patient now faced an emergency. Not
an emergency-room emergency, but a therapeutic emergency. Would she be a patient
who would respond favorably to the anticopper drug, penicillamine? Or would she be
one of the one in two patients who suffer further neurological deterioration from
penicillamine? Or worse, one of the one in four patients who never recover from this
worsening and end up with additional permanent neurological deterioration as a re-
sult of penicillamine therapy?

Unfortunately, she was one of the one in four. She deteriorated rapidly. Two weeks
after therapy initiation the dose of penicillamine was increased from 1 g to 2 g and
later to 4 g in an attempt to curb the storm. This seemed to accelerate the deteriora-
tion. By three months she was essentially anarthric and so dystonic that her face was
locked in a continuous drooling grimace. She had severe, generalized tremor. Her
back was twisted into a comma shape and she could walk only a short distance. She
was so uncoordinated that she could not feed herself without flinging food around the
room. She never recovered any of her neurological function despite years of
anticopper therapy. She was not able to return to school or find employment. Mean-
ingful life had all but been destroyed by penicillamine therapy.

INTRODUCTION

The clinical and pathological features of Wilson’s disease were originally de-
scribed by Wilson, an American neurologist working in England at the time (1). He
noted the combination of liver disease and degeneration of certain areas of the brain,
particularly the lenticular nuclei that coordinate movement, and named the disorder
hepatolenticular degeneration. Later, two ophthalmologists, working indepen-
dently, identified the corneal copper deposits that now bear their names, the Kayser-
Fleischer rings (2,3). Still later, the causative role of copper accumulation was
identified (4–6). Further work established that the liver controlled copper balance
by excretion of excess copper in the bile (7), and that there was a failure of biliary
copper excretion in Wilson’s disease (8). A low level of ceruloplasmin, a copper-
containing serum protein, was found in most Wilson’s disease patients (9,10).

The causal involvement of copper led to a trial of anticopper therapy, first Brit-
ish Anti-Lewisite (BAL) given parenterally (11), and later penicillamine (12) and
trientine (13), chelators that increase the urinary excretion of copper, given orally.
Still later, zinc—which blocks the intestinal absorption of copper (14–16)—was
developed, and then tetrathiomolybdate (TM), which not only blocks intestinal ab-
sorption of copper, but complexes serum copper with albumin and renders the cop-
per nontoxic (17,18).

Wilson’s disease was established as an autosomal recessive disorder (19), and
the gene eventually cloned (20–22). The gene is a copper-binding, membrane-bound
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ATPase called ATP7B. It bears close homology to ATP7A, the causative gene for
Menke’s disease (23–25). More than 200 causative mutations have already been
described (26). The frequency of the disease is believed to be about 1 in 40,000 in
most populations.

CLINICAL PRESENTATIONS

Clinically, patients usually present in one of three ways (27–31); note that these
reviews and monographs support all the material in this section and the next. Ap-
proximately one-half of the patients are diagnosed because of liver disease, typi-
cally during the second to third decade of life, although the overall age of
presentation is broader: ages 5–60 years. Patients may have an episode of hepatitis,
with or without jaundice. This may spontaneously resolve, although serum tran-
saminase enzymes tend to remain at least mildly elevated. Hepatitis may recur a
few months or years later and repeatedly resolve, leading to an incorrect diagnosis
of chronic active hepatitis. Other patients may come to medical attention because
of the diagnosis of cirrhosis, perhaps because of the complications of portal hyper-
tension, such as bleeding varices, or leukopenia or thrombocytopenia from hyper-
splenism. If the patient drinks alcoholic beverages, he or she may be incorrectly
labeled as having alcoholic cirrhosis. Finally, the patient may present with liver
failure which, depending on its severity, may include jaundice, hypoalbuminemia,
ascites, peripheral edema, low levels of clotting factors, bleeding, and encephalopathy.

The second type of clinical presentation includes perhaps 25% of patients and
involves behavioral and mental abnormalities. This type of presentation typically
occurs in the late teenage years and early 20s, but again the overall age of presenta-
tion is quite broad, from 15 to 60 years. The list of abnormalities includes easy loss
of emotional control, crying episodes, temper tantrums, difficulty focusing on tasks,
and memory loss (as with patient 1), insomnia, and sometimes more bizarre behav-
iors such as loss of sexual inhibitions. True psychoses are rare, but patients occa-
sionally have hallucinations or delusions. Occasionally, patients will have seizures
or migraine headaches. Often these patients, typically teenagers or young adults,
are wrongfully accused of substance abuse. The change in behavior in a previously
psychiatrically normal youngster suggests this misdiagnosis. Usually, these patients
are not diagnosed at this stage, and progress to develop a neurological movement
disorder. When the physician is presented with a patient with early symptoms of a
movement disorder, behavioral abnormalities may be helpful diagnostically in sug-
gesting the possibility of Wilson’s disease, as they might have been with patient 1.
However, to be considered relevant, the behavioral or mental abnormalities should
have begun within the 3 or 4 years prior to the onset of neurological symptoms.

The third mode of presentation is neurological, and involves about 50% of pa-
tients, including the 25% who first present with significant behavioral abnormali-
ties. The neurological presentations typically occur when the patient is in his or her
early 20s, although again the age of presentation is quite broad, from 15 to 60 years.
Copper toxicity causes damage to the areas of the brain that coordinate movement,
such as the lenticular nuclei; hence its classification as a movement disorder. The
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list of the more frequent signs is given in Table 1. The three basic problems are
dystonia, incoordination, and tremor, which, working separately or together, ac-
count for most of the signs in Table 1. Almost all patients presenting neurologically
have some dysarthria, which results from dystonia and incoordination of speech-
related muscles. Speech abnormalities can be a variety of types, and no type is
specific for Wilson’s disease. Some patients have drooling as a result of facial dys-
tonia. The facies, and other aspects of the disease including difficulty initiating
walking, can closely resemble Parkinson’s disease. Dysphagia may be present.
Tremor occurs in perhaps one-third of Wilson’s disease patients presenting neuro-
logically, and can be of a variety of types, none specific for Wilson’s disease. Inco-
ordination may begin with difficulty in fine movements, such as handwriting and
buttoning buttons. Micrographia may occur, but it is more common for handwriting
to simply look sloppy. As the disease progresses, incoordination may involve larger
muscle groups and make it difficult to feed oneself and carry out other tasks. The
patient may become prone to stumbling and falling. Dystonia can involve any
muscle group, including the face, as previously described, the upper and lower ex-
tremities, the neck, and the muscles of the trunk that control posture. The dystonia
may cause the extremities or other parts of the body to be pulled into abnormal and
grotesque positions that interfere with function (as with patient 2).

Table 1
Neurological Signs in Patients With Wilson’s Disease
Presenting With Neurological Disease

aSigns Comment

Dysarthria Present in almost all patients. The various
abnormalities are not specific for Wilson’s.

Dystonia Present somewhere in the body in about
two-thirds of patients.

Incoordination Present in over one-half of patients.
Dysdiadochokinesia
Rigidity Present in about one-half of patients.
Facial expression

abnormality
Tremor Present in about one-third of patients.

Several different tremor types can occur,
none specific for Wilson’s disease.

Abnormal eye movement Present in about one-third of patients.
Drooling
Dysphagia
Bradykinesia
Motor impersistence Present in about one-fifth of patients.
Athetosis Present in about one-tenth of patients.

aSigns are listed roughly in order of frequency in the author’s experience.
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Patients may also have the types of behavioral problems discussed earlier, and
may complain of memory loss, difficulty focusing on tasks, migraine headaches,
and occasionally have a history of seizures. Sensory disturbances, muscle weak-
ness, and grossly impaired cognition are not part of the disease. Autonomic distur-
bances, such as orthostatic hypotension, sweating abnormalities, or bowel, bladder,
or sexual dysfunction may be present. Patients often have detectable abnormalities
relating to the liver, such as elevation of serum transaminase enzymes, or thromb-
ocytopenia or leukopenia resulting from hypersplenism owing to occult cirrhosis.

A single major symptom, such as tremor (patient 1) or dysarthria, may be the
sole manifestation for a long period of time, perhaps 1 or 2 years. Note that patient
1, who was misdiagnosed as essential tremor, had only tremor for a long period of time.

Most female patients prior to presenting with any of the above classical presen-
tations will have exhibited amenorrhea for at least 1 year or longer (patient 2), and
may have had one or more spontaneous abortions. Some patients will note a type of
osteoarthritis, particularly of the knees. Cholelithiasis and nephrolitheasis are more
common than in the general population. Cardiac abnormalities have been reported,
but are uncommon in our experience. Patients may have microscopic hematuria
and exhibit excess loss of amino acids, phosphate, urate, or sugar in the urine, but a
full-blown Fanconi syndrome is rare. Sunflower cataracts and corneal copper de-
posits (Kayser-Fleischer rings) occur frequently, particularly in the neurological
and behavioral presentations of the disease.

Finally, some patients will be diagnosed in what we call the “presymptomatic”
state. This will usually occur when siblings of a newly diagnosed case are screened.
Each sibling is at 25% risk for having the disease genotype, but has not yet become
clinically ill. The disease is believed to be almost 100% penetrant, so it is important
that these patients be diagnosed and treated prophylactically. At the time of diagno-
sis, these patients have usually suffered some liver damage, and may have mildly
elevated serum transaminase enzymes and/or exhibit evidence of hypersplenism,
such as leukopenia or thrombocytopenia. They may also have Kayser-Fleischer
rings. Occasionally, presymptomatic patients will come to attention because of a
chance observation, such as the presence of Kayser-Fleischer rings.

RECOGNITION, SCREENING, AND DEFINITIVE DIAGNOSIS

The failure to recognize that a given patient presenting to a clinician might have
Wilson’s disease is a major obstacle. In most cases, the diagnosis is probably missed
for two major reasons. One is the relative rarity of the disease, and the second is the
great variety of forms in which the disease can present itself. Yet recognition of the
possibility of Wilson’s, followed by an appropriate work-up and speedy diagnosis,
are critically important because the disease can be so effectively treated, and the
longer the disease progresses before treatment, the greater the amount of irrevers-
ible damage to brain and liver.

Here, we comment only briefly on the recognition of hepatic and psychiatric
presentations, and focus on recognizing the neurological presentation, because of
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the subject of this book. In unexplained hepatitis, particularly recurring hepatitis,
and particularly in viral negative hepatitis, screening for Wilson’s disease is impor-
tant. In unexplained cirrhosis in patients aged 50 years or younger, or where a diag-
nosis of alcoholic cirrhosis is being considered, particularly if the patient denies
excessive drinking, screening for Wilson’s disease should occur. In unexplained
(or poorly explained) hepatic decompensation in patients under age 50, in previ-
ously psychiatrically normal patients under age 50 who develop behavioral distur-
bances over a period of 1 or 2 years, and in patients who are labeled as substance
abusers without clear evidence or who deny abusing substances, screening for
Wilson’s disease should occur.

With regard to neurological presentations, any patient under the age of 50 years
who develops one or more signs or symptoms of a movement disorder (see Table 1)
should be screened for Wilson’s disease unless there is positive information pro-
viding for an alternate diagnosis. In particular, any patient under age 50 who is
considered for a diagnosis of essential tremor or Parkinson’s disease should be
screened for Wilson’s disease (patient 1). There may already be clues in the patient’s
laboratory tests to bolster the neurologist’s decision, such as mildly elevated tran-
saminase enzymes (in about 50% of neurological patients) or leukopenia or throm-
bocytopenia (in about 35% of neurological patients); however, this should not be
the determining factor in ordering screening tests. Because a slit lamp examination
is required for a diagnosis to be definitive, it doesn’t hurt to take a peek at the
patient’s eyes (although again, this should not be a determining factor). If the eyes
are the right color (such as blue), Kayser-Fleischer rings may be readily visible.

Screening for Wilson’s disease in the neurological (and psychiatric) presenta-
tion is easier than in the hepatic presentation and in presymptomatic patients (Table
2). This is because first, over 99% of such patients have Kayser-Fleischer rings on
slit lamp examination by an ophthalmologist (178 out of 179 patients, in our se-
ries); and second, 100% of such patients (90 out of 90, in our series) have diagnos-
tic elevations (> 100 μg/24 hours, with normal less than 50) of urine copper (Table
2). This combination of tests is not only adequate for screening but for definitive

Table 2
Tests for Screening and Definitive Diagnosis in the Neurological
and Psychiatric Presentation of Wilson’s Disease

Procedure Interpretation Comment

Ophthalmologist slit 99+% of these patients False-positives and false-negatives
lamp examination for are positive. are extremely rare. See text re-
Kayser-Fleischer rings garding obstructive liver disease.

24-hour urine copper Symptomatic patients Presymptomatic patients over
always have values 100 μg only about one-half of
over 100 μg time. Heterozygous carriers may
(normal 20–50). have values up to about 65.
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diagnosis in this type of patient, obviating the need for a liver biopsy. I recommend
using both tests, because a rare neurological Wilson’s patient may not have the
rings, and because laboratories can make mistakes in measuring urine copper. If the
two tests are concordant (either both diagnostic or both normal), further work-up is
not needed. If discordant, both should be repeated, with different operatives. False-
positives and -negatives for Kayser-Fleischer rings are quite rare. However, if the
patient has obstructive liver disease of a year’s duration or longer, Kayser-Fleischer
rings, elevated urine copper, and elevated liver copper can occur in the absence of
Wilson’s. The serum ceruloplasmin can be helpful in affecting index of suspicion,
but should not be used as a definitive test. It is low in 80% of patients with Wilson’s
disease, including those with neurological disease, but is normal in 20%. Further-
more, carriers of one copy of the Wilson’s disease gene have low ceruloplasmin
values 20% of the time. If a liver biopsy is done, it should include measure of
copper quantitatively, and will always show values of 200 μg/g dry weight of liver,
or higher (normal 20–50).

The same screening guidelines apply to psychiatrically presenting patients as
apply to neurologically presenting patients (Table 2). However, patients with
Wilson’s disease presenting with liver disease have Kayser-Fleischer rings only
about one-half of the time. Their 24-hour urine copper will always be elevated, but
the presence of active hepatitis or chronic obstructive liver disease can elevate urine
copper in the absence of Wilson’s disease. A liver biopsy with measurement of
copper is usually required with the liver disease presentation.

Presymptomatic affected patients have Kayser-Fleischer rings about one-third
of the time, and diagnostically elevated urine copper about half the time. If the
urine copper is clearly normal (below 55 μg/24 hours), and the measurement is
valid, Wilson’s disease is excluded. If the urine copper is in the gray zone (between
55 and 100 μg), the person may be just a heterozygous carrier, who can have mild
elevations of urine copper but not require treatment, or a presymptomatic patient,
who does require treatment. In this case, a liver biopsy should be done with quanti-
tative assay of copper. Patients are always over 200 μg/g dry weight, whereas car-
riers are 125 μg or less.

The penicillamine provocative test (in which a dose of penicillamine is given
and urine copper measured) and the radiocopper test are not useful, in our experi-
ence, for the diagnosis of Wilson’s disease. There is serious overlap in values be-
tween carriers and affected patients. Mutation screening is also not useful because
of the large number of mutations and the lack of prevalence of one or a few muta-
tions in accounting for the disease. However, once a diagnosis is made in a sibling,
all siblings can be screened and genotyped very effectively by haplotype analysis.

ANTICOPPER DRUGS

The anticopper drugs available are shown in Table 3, and include TM, which is
likely to become available soon. The earliest drug available was penicillamine,
which is a chelator that acts by increasing urinary excretion of copper (12). It is
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effective at producing a negative copper balance, but has numerous side effects
(27,30) which are rapidly decreasing its use, given the advent of newer, effective,
and safer drugs. Penicillamine also has the severe disadvantage in newly diagnosed
neurologically presenting patients of making about 50% of them neurologically
worse, and only one-half of that number recover to their pre-penicillamine baseline
(32). Thus, penicillamine makes 25% of neurologically presenting patients perma-
nently worse (as with patient 2). The second oldest drug is trientine, which is also a
chelator that increases the urinary excretion of copper (13). Trientine is also uni-
formly effective, and has a much better safety profile than penicillamine, although
it too has some side effects.

The third drug is zinc. Zinc acts by inducing intestinal metallothionein, which
blocks intestinal absorption of copper (33). Zinc is uniformly effective and has
only one side effect—that of causing mild epigastric burning or pain in about 10%
of patients (16). The fourth drug is TM (17,18), which acts by forming a tripartite
complex with copper and protein. Given with food, it prevents copper absorption.
Given between meals, TM is well absorbed and causes the available copper in the
blood to combine with serum albumin in a very stable complex. In this way, the
potentially toxic copper of the body can be quickly titrated and safely complexed.
Side effects that we have observed with TM are discussed later.

Here, we focus on the initial treatment of the neurological presentation followed
by maintenance therapy. References for treating hepatic and presymptomatic pa-
tients are readily available (29–31,34). The initial treatment of the neurologically
presenting patient is problematic because the drug used most often by physicians,

Table 3

Anticopper Drugs

Drug Trade name Usual daily dose Comment

Penicillamine Cuprimine® 1 g in divided Chelator; very long list of side
(Merck) doses effects (see Physician’s Desk

Reference) and makes 50% of
neurologic patients worse, and
50% of these never recover.

Trientine Syprine® 1 g in divided Chelator; much safer than penicil-
(Merck) doses lamine but has some side effects.

Probably makes about 20% of
neurological patients worse
initially.

Zinc Galzin® 150 mg in Acts by blocking intestinal copper
(Gate) divided doses absorption. Very nontoxic.

Tetrathiomolybdate None 120 mg in Acts by complexing copper,
divided doses preventing intestinal absorption,

and binding free copper in the
blood. Relatively nontoxic.
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penicillamine, is contraindicated in these patients (patient 2). Penicillamine has an
approx 25% chance of making the patient permanently, and often disastrously,
worse neurologically, as it did with patient 2 (32). The problem of initial treatment
of these patients is compounded by the fact that the excellent maintenance drug,
zinc, acts too slowly, in our opinion, for this type of acutely ill patient. Prior to our
work (discussed later), trientine had been untried in this setting, but because it shares
penicillamine’s mechanism of action, it was suspected of also causing initial neuro-
logical worsening.

Because of the therapeutic need of these patients, TM was developed
(17,18,35,36). TM is very fast-acting and, based on animal studies, appears to be a
very safe drug. Over a period of years we have treated 55 neurologically presenting
patients with an 8-week course of TM (18). To evaluate possible neurological wors-
ening, we developed a semi-quantitative neurological examination (scored 0–38,
with 0 normal) and a semi-quantitative speech examination (scored 0–7, with 0
normal). Criteria for worsening included a consistent deterioration of five or more
points in the neurological test and three or more points in the speech score. Only 2
of the 55 patients (3.6%) reached our criteria for neurological worsening in the
open-label study (18), compared with an estimated 50% who are initiated on peni-
cillamine (32).

Subsequently we (together with Dr. Michael Schilsky and his group at New
York’s Mount Sinai) have initiated a double-blind study comparing TM and
trientine for initial therapy. The study is not completed, but the results so far sug-
gest that trientine will fall somewhere in between penicillamine and TM in terms of
risk of initial neurological worsening (about 20%).

The dose of TM we have used in most of these patients is 20 mg three times
daily with meals, and 60 mg without food, for 8 weeks. This dose produces a 10–
15% incidence of overtreatment bone-marrow suppression within 3–6 weeks, which
quickly responds to a halving of the dose. It also produces a 10–15% incidence
within 3–6 weeks of an increase in serum transaminase enzymes, the mechanism
for which is unknown, but which also responds quickly to a halving of the dose.
Because of these observations, we are now doing a double-blind comparison of the
original TM regimen given for 8 weeks with a new TM regimen in which patients
get the regular 120 mg dose for 2 weeks, then drop down to half the regular dose
(60 mg) for an additional 14 weeks.

ANTICOPPER DRUG TREATMENT RECOMMENDATIONS

Given the above background, our recommended first drug for initial therapy is
TM (Table 4). TM is not currently commercially available, but is expected to be-
come so sometime in 2005. In the meantime, consideration can be given to refer-
ring patients to the University of Michigan for participation in the above described
clinical trial. If that is not practical, our second choice would be zinc therapy, and
our third would be trientine. Monitoring recommendations for the three drugs are
given in Table 5. Our recommendation given the current state of knowledge is to
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give TM or trientine for initial therapy for 2 to 4 months, then transition to mainte-
nance therapy.

Our first choice for maintenance therapy is zinc. Zinc is fully effective and has
many fewer side effects than penicillamine or trientine (16). Monitoring zinc
therapy (Table 5) is also easier than with the other drugs (16,29–31). Because zinc
does not directly affect urine copper, the 24-hour urine copper becomes a good
reflector of the body status of copper. In untreated Wilson’s disease, the urine cop-
per may be quite elevated, up to several hundred micrograms per 24 hours (normal
20–50 μg). With zinc therapy, this will gradually come down so that by the end of
the first year it is usually less than 125 μg. We view anything below 125 μg as
indicating adequate control. Minor fluctuations over time are to be expected, but
major increases (30% or more) suggest noncompliance. Another way to monitor
patients is to measure 24-hour urine zinc, using the same sample. In an adequately
treated patient, the urine zinc should be 2 mg or higher per day. If levels fall below
that number, it gives an early warning signal of noncompliance. Twenty-four-hour

Table 4
Recommendations for Anticopper Drug Therapy in Neurologically
Presenting Patients With Wilson’s Disease

Disease stage First choice Second choice Third choice

Initial therapy Tetrathiomolybdate Zinc Trientine
Maintenance therapy Zinc Trientine Penicillamine

Table 5
Monitoring Recommendations for the Anticopper Drugs

Drug Monitoring for Monitoring for toxicity
efficacy/compliance

Tetrathiomolybdate Not usually necessary See patient once weekly for evaluation,
because of short-term use. CBC, and LFTs.

Zinc 24-hour urine copper and See and examine at the same schedule
zinc every 3 months for 6 as for efficacy. CBC and LFTs at
months, every 6 months least annually.
for 2 years, then annually

   (with good compliance).
Trientine 24-hour urine copper and CBC, LFTs, creatinine, and urinalysis

non-Cp serum copper at 1, weekly for 4 weeks, biweekly for 2
3, 6, and 12 months, then months, monthly for 6 months, every
annually. 6 months for 2 years, then annually.

Penicillamine Same as trientine. Same as for trientine except the studies
should be twice weekly for the first 4
weeks.

Abbreviations: CBC, complete blood counts; LFTs, liver function tests; Cp, ceruloplasmin.
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urine zinc levels will decrease within 2 to 3 weeks of significant noncompliance,
whereas it takes 2 to 3 months for urine copper to increase. Urine copper and zinc
should be monitored every 3 months early during maintenance therapy, and as the
patient exhibits good compliance, the frequency decreased to every 6 months and
then to annually. Every patient should be monitored at least annually. If the urine
copper gets down into the normal range, overtreatment and copper deficiency may
follow. At this point, it is a good idea to begin backing off on the zinc dose. At the
time of urine evaluation, blood counts and liver function tests should also be
carried out.

The second choice for maintenance therapy is trientine. Trientine can cause side
effects such as proteinuria, bone marrow depression, and autoimmune disease. Pa-
tients should be monitored by blood and urine studies, as well as asked about side
effects, every week for 4 weeks, biweekly for 2 months, monthly for 6 months,
every 6 months for 2 years, and then annually (Table 5). Copper status can be evalu-
ated at 1, 3, 6, and 12 months for the first year, and then at least annually in compli-
ant patients. Urine copper, blood copper, and blood ceruloplasmin should be used.
The 24-hour urine copper will start out at about 1 mg, and go down to 200–300 μg
by 1 year of adequate treatment. The problem with interpreting this value in terms
of compliance is that it represents both the action of the drug and body-loading of
copper. The best that usually can be done is to take note of any sudden significant
increase and ask the patient about compliance. With trientine, it is more important
to concomitantly measure blood copper and ceruloplasmin then it is with zinc. The
copper in ceruloplasmin can be subtracted from the blood copper to determine the
nonceruloplasmin plasma copper, often called the free copper (this is done by sub-
tracting 3.0 μg of copper for every milligram per deciliter of ceruloplasmin, and
subtracting that number from the serum copper in microgram per deciliter). This
number is normally 10–15 μg/dL of serum, and may be very high (50 μg or so) in
untreated patients. It should come down to 25 μg or less during the first year of
therapy and remain there. If it bounces up, it suggests noncompliance.

Penicillamine is the third choice for maintenance therapy and is not highly rec-
ommended because of its long list of side effects. These include an initial hypersen-
sitivity reaction in about 25% of patients, proteinuria, bone-marrow suppression,
autoimmune disturbances, skin wrinkling and other skin side effects, and possible
vascular wall deterioration. It is monitored much in the same manner as trientine
(Table 5).

Assuming that the patient does not suffer initial neurological deterioration, the
prognosis is quite good for substantial neurological recovery (18,27–31). This usu-
ally begins about 5 to 6 months after initiation of therapy, and is relatively com-
plete by about the 2-year mark. Generally, symptoms and disabilities remaining at
that time will be permanent. During the initial 2-year period, it is important for the
patient to try to maintain whatever compromised functions he or she has. The pa-
tient should participate in speech therapy, or at least continually work at speaking if
he or she has dysarthria, and the patient should remain physically active, trying to
maintain as much function as possible in the face of dystonia and incoordination.
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Physical therapy should be used for this purpose if available. Botulinum toxin in-
jections may be useful to relieve dystonia in key areas. All the medications nor-
mally employed for relieving tremor or dystonia can be used (37), with the one
caveat that drugs that have major hepatic toxicity should be avoided. If the patient
has dysphagia that is causing aspiration, he or she should have a gastrostomy placed
and receive tube feedings. The tube can be pulled when swallowing normalizes.

Generally, it is a good idea to wait for the end of the 2-year period of improve-
ment before contemplating surgical correction of abnormalities resulting from
dystonia.

Improvement in behavioral symptoms is also usually good, and follows the same
course as improvement in neurological symptoms. Various drugs used in psychia-
try to treat symptoms such as depression or anxiety can also be used in these pa-
tients with the same caveat as above, avoiding drugs with major hepatic toxicity.

CONCLUSION

Wilson’s disease is a rare disorder with protean clinical manifestations. Patients
who present for evaluation of symptomatic Wilson’s disease satisfy criteria for a
movement disorder emergency, because of the serious consequences of a missed
diagnosis, and also because they risk permanent neurological deterioration if they
are mismanaged. With adequate clinical suspicion and careful application of
anticopper strategies, most patients with Wilson’s disease can expect to lead a nor-
mal life.
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Dopa-Responsive Dystonia

Yoshiaki Furukawa, Mark Guttman, and Stephen J. Kish

PATIENT VIGNETTES
Patient 1: A 6-year-old girl with gait disturbance was introduced by an orthope-

dist in 1990, before the discovery of causative genes in dopa-responsive dystonia
(DRD). Although early motor development was normal, she had Trendelenburg’s
symptoms resulting from a congenital dislocation of the left hip (acetabular dyspla-
sia). In addition, she developed flexion-inversion of the left foot at the age of 3 years,
which became aggravated toward the evening and was alleviated in the morning after
sleep. Her postural dystonia spread to other limbs within 3 years but was more pro-
nounced in the legs. Neurological examination also revealed symmetric hyperreflexia
without extensor plantar responses, and rigid hypertonicity in the legs. Investiga-
tions, including copper metabolism and brain magnetic resonance imaging, were nor-
mal. Therapeutic trials with levodopa and tetrahydrobiopterin (BH4; the cofactor for
tyrosine hydroxylase) were considered, and a lumbar puncture was performed to
measure cerebrospinal fluid (CSF) pterins. She remarkably responded to low doses of
levodopa but not to acute BH4 administration. After increasing the dosage of levodopa
(20 mg/kg/day, without a decarboxylase inhibitor [DCI]) and undergoing an opera-
tion (acetabuloplasty) for the complicated condition, she became completely normal
and was diagnosed as DRD. The diagnosis was supported by CSF data (decreased
total biopterin and neopterin) and was confirmed later by genetic analysis (1,2).

Patient 2: A 45-year-old woman states that her long-standing foot dystonia has
deteriorated over the past year. She also describes that she has developed a tremor
involving her right arm in the last few months. She manifested her dystonic posturing
(inturning) at the age of 7 years, and the initial treatment strategy has been beneficial,
until recently with trihexyphenidyl. She noticed that her foot dystonia was worse in
the late afternoon and evening. She discloses a family history of overt dystonia in her
brother, father, and paternal grandfather. Her two daughters (identical twins) have
occasionally manifested mild dystonic posture of the foot after extreme exercise. On
examination, she showed dystonia of the feet, with the right being worse. She had
increased tone in her right leg and arm. Rapid alternating movements were slow in
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the right foot and hand and in the left foot to a lesser extent. She had a mild postural
tremor of her right hand. Her walking revealed dystonic posturing of the right foot.
Investigations included normal brain computed tomography and copper metabolism
studies. She was successfully switched from trihexyphenidyl to levodopa with a DCI
and has had no dystonia and parkinsonism on examination. The diagnosis of DRD
was confirmed by genetic analysis (3).

INTRODUCTION

Dopa-responsive dystonia (DRD) is a clinical syndrome characterized by child-
hood-onset dystonia and a dramatic and sustained response to low doses of levodopa
(4–7). This clinical syndrome typically presents with gait disturbance owing to foot
dystonia, later development of some parkinsonian features, and diurnal fluctuation
of symptoms (worsening of symptoms toward evening and their alleviation in the
morning after sleep) (Table 1). The sustained levodopa responsiveness without
motor adverse effects of chronic levodopa therapy such as dopa-induced dyskinesias
distinguish DRD from early-onset parkinsonism with dystonia (2,8). Because DRD
responds so well to treatment with levodopa, and because failure to recognize this
disorder causes unacceptable morbidity, we choose to classify DRD as a movement
disorder emergency.

DRD is differentiated from primary dystonias and is classified under the dysto-
nia-plus category (9). There are three known causative loci for DRD (locus hetero-
geneity): (1) the GCH1 gene on chromosome 14q22.1-q22.2, which encodes
guanosine triphosphate (GTP) cyclohydrolase I (GTPCH), the first enzyme in the
biosynthetic pathway for tetrahydrobiopterin (BH4) (Fig. 1); (2) the TH gene on
11p15.5, coding for the enzyme tyrosine hydroxylase (TH) that catalyzes the rate-
limiting step in catecholamine biosynthesis (Fig. 1); and (3) an as-yet undefined
gene on 14q13 (DYT14) (10–15). Many patients with DRD have shown dominantly
inherited GCH1 mutations (GTPCH-deficient DRD; the major form of DRD)
(3,16), whereas only four DRD families associated with recessively inherited TH
mutations (TH-deficient DRD; the mild form of TH deficiency) and one pedigree
with autosomal-dominant DRD linked to the DYT14 locus have been reported
(13,14,17–19). However, because no mutations in either the coding region or the
splice sites of GCH1 were identified in approx 40% of DRD families using conven-
tional genomic DNA sequencing of GCH1, this DNA test alone is not sufficient for
routine clinical practice (3,16). Thus, notwithstanding the discovery of GCH1 and
TH mutations in DRD, a therapeutic trial with low-dose levodopa is still the most
practical approach to the diagnosis of this treatable disorder. Because clinical sus-
picion is a key to the diagnosis, physicians should know not only the classic pheno-
type of GTPCH-deficient and TH-deficient DRD, but also the broad phenotypic
spectrum (allelic heterogeneity) in GTPCH and TH deficiencies.

This chapter summarizes clinical features in DRD and in genetically related dis-
orders, and recent advances in the genetics and biochemistry of DRD.
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Fig. 1. Simplified tetrahydrobiopterin (BH4) biosynthetic pathway and BH4-dependent
hydroxylation of aromatic amino acids. GTPCH, GTP cyclohydrolase I; PTPS, 6-
pyruvoyltetrahydropterin synthase; SR, sepiapterin reductase; PAH, phenylalanine hydroxy-
lase; TPH, tryptophan hydroxylase; TH, tyrosine hydroxylase; DHPR, dihydropteridine
reductase; and AADC, aromatic L-amino acid decarboxylase.

CLINICAL OBSERVATIONS

Classic DRD
In 1971, Segawa (20) and Castaigne (21) each reported clinical characteristics

of one family with DRD, which they called at that time “hereditary progressive
basal ganglia disease with marked fluctuation” and “progressive extrapyramidal
disorder,” respectively. Advances in the genetics and biochemistry of DRD have
demonstrated that the former had autosomal-dominant GTPCH deficiency and the
latter had autosomal-recessive TH deficiency (11,12,18,22). In both families, a dra-
matic and sustained response to low doses of levodopa without motor side effects
during chronic levodopa treatment (for more than 30 years) have been confirmed
(5,18,23–26). In patients with DRD, there is no abnormality in the perinatal and
postnatal period. Early motor development (e.g., sitting and crawling) is normal
(Table 1). The average age of onset of typical DRD is approx 6 years (range, 1–12
years) (5,6).

Initial symptoms in most patients with childhood-onset DRD are gait difficulty
as a result of dystonia in the leg, typically flexion-inversion of the foot (pes
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equinovarus). Because of this dystonic posturing, patients often wear the outer side
of their shoes down easily. A relatively small number of patients have onset with
arm or neck dystonia, tremor (mainly postural), or slowness of movements. In child-
hood-onset patients, gradual progression to generalized dystonia occurs, but dysto-
nia is typically more pronounced in the lower limbs throughout the disease course.
There is a tendency to fall, and standing position with equinovarus posturing of the
feet can induce increased lumbar lordosis, flexion of the hip joints, and hyperexten-
sion of the knee joints. A variable degree of rigidity and slowness of movements
are recognized in the affected limbs. Rapid fatiguing of effort with repetitive motor
tasks (e.g., foot tapping) is often observed. On neurological examination, in addi-
tion to dystonic and parkinsonian elements, some clinical findings suggestive of
pyramidal signs in the lower extremities (brisk reflexes, ankle clonus, spasticity,
and/or [intermittent] extensor plantar responses) are detected in many patients.
Normal efferent cortical spinal activity with magnetoelectrical stimulation of mo-
tor cortex has suggested a nonpyramidal basis for these findings (27). Dystonic
extension of the big toe in DRD (the striatal toe [28,29]), which occurs spontane-
ously or is induced by plantar stimulation, may be misinterpreted as an extensor
plantar response. Diurnal fluctuation of symptoms occurs in approx 80% of pa-
tients. The degree of fluctuation is variable, with some patients being normal in the
morning, whereas others are only less severely affected in the morning when com-
pared with later in the day. Some patients only show exercise-induced exacerbation
or manifestation of dystonia, or complain of prominent stiffness and fatigue after
exercise. The magnitude of diurnal fluctuation often attenuates with age and dis-
ease progression. There are no intellectual, cerebellar, sensory, or autonomic dis-
turbances in DRD patients.

A predominance of clinically affected females is observed in autosomal-domi-
nant DRD. The female-to-male ratio has been reported to be 2:1 to 6:1 in child-
hood-onset patients (5,6). No increased prevalence of DRD is evident in any ethnic
group. Estimates suggest that the prevalence in both England and Japan is 0.5 per
million and that 5 to 10% of dystonia patients in childhood or adolescence have
DRD (4,29). In general, the severity of gait disturbance and dystonia in adolescent-
onset patients is milder than that in childhood-onset patients. Patients with adoles-
cent-onset DRD seldom develop severe generalized dystonia. However, dystonia
in female patients can be markedly exacerbated after taking oral contraceptives
(30). Teenage-onset patients with slow progression may become more symptom-
atic in mid-adulthood owing to the development of overt parkinsonian features (31,32).

Phenotypic Heterogeneity
A wide range of symptoms and signs has been reported in genetically confirmed

patients with DRD, especially with DRD resulting from GCH1 mutations. An ear-
lier linkage study demonstrated “benign” adult-onset parkinsonism (showing slow
progression and no motor adverse effects of levodopa) as a phenotypic expression
of autosomal-dominant DRD (10). Patients with this phenotype manifest no dys-
tonic symptoms prior to the onset of their parkinsonism, including a resting tremor,
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in mid- or late-adulthood (10,33,34). In contrast with patients with Parkinson’s
disease (PD), patients with adult-onset parkinsonism in DRD pedigrees markedly
respond to low doses of levodopa and remain functionally normal for a long period
of time without developing motor response fluctuations, freezing episodes, and
dopa-induced dyskinesias under optimal doses of levodopa. In some of these DRD
pedigrees, heterozygous GCH1 mutations have been identified (35–40). An age-
related decline of striatal biopterin during adulthood could contribute to this par-
kinsonian phenotype (16,41).

There have been some patients with DRD who were initially misdiagnosed as
having cerebral palsy (the spastic diplegic form) or spastic paraplegia (the familial
or apparently sporadic form) because of hyperreflexia, clonus, spasticity, and/or
extensor plantar responses in the legs (19,36,40,42–45). As mentioned, a
nonpyramidal basis for these findings in DRD has been suggested (27). An exten-
sor plantar response observed in DRD often disappears after levodopa administra-
tion is started, suggesting that the previous finding may be a dystonic phenomenon
(the striatal toe) rather than a Babinski response. Mutations in GCH1 and TH have
been identified in patients with DRD simulating cerebral palsy (including other
forms) or spastic paraplegia (19,36,40,46). Thus, although the differential diagno-
sis of cerebral palsy and of spastic paraplegia should include DRD, this appears to
be still underappreciated.

The clinical phenotype of DRD associated with heterozygous mutations in
GCH1 has been extended to include various types of focal dystonia (e.g., adult-
onset guitarist’s cramp) and spontaneous remission of dystonia and/or parkinsonism
(sometimes with a relapse in the later course of illness) (35,36,47–50). In our expe-
rience, however, pure writer’s cramp and isolated scoliosis were not always associ-
ated with GCH1 mutations found in the probands with the classic phenotype
(16,40,53). Recently, autosomal-dominant GTPCH deficiency presenting as myo-
clonus-dystonia responsive to levodopa and a family with dominantly inherited
GTPCH deficiency, in which members had dystonia, parkinsonism, depression,
anxiety, and/or clinical deafness, have been reported (51,52).

MOLECULAR GENETICS

GTPCH-Deficient DRD
The enzyme GTPCH is encoded by a single copy gene, GCH1, which is com-

posed of six exons spanning approx 30 kilobases (kb) (54). This enzyme catalyzes
the rate-limiting step in the biosynthesis of BH4 (Fig. 1). BH4 is the natural cofac-
tor not only for TH but also for phenylalanine hydroxylase and tryptophan hydroxy-
lase, and most patients with autosomal-recessive GTPCH deficiency (usually
homozygotes) have BH4-dependent hyperphenylalaninemia (HPA) and severe neu-
rological dysfunction (54–57). In contrast with these patients, GTPCH-deficient
DRD patients (usually heterozygotes) never develop HPA. There is another pheno-
type of GTPCH deficiency, dystonia with motor delay, associated with compound
heterozygosity for GCH1 mutations (30,39).
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In patients with these GTPCH deficiencies, more than 100 independent GCH1
mutations have been identified. The reason why many different mutations occur
throughout all of the exons of GCH1 is unknown, and no clear correlations between
specific clinical features and types of mutations are established. Usual genomic
DNA sequencing of GCH1 fails to reveal any mutations in the coding region (in-
cluding the splice sites) of this gene in approx 40% of pedigrees with DRD (16).
This makes the genetic diagnosis of GTPCH-deficient DRD difficult. Because “cod-
ing region mutation-negative” DRD pedigrees include families having an appar-
ently sporadic patient or only a few affected siblings, some of these families may
have autosomal-recessive TH-deficient DRD. For coding region mutation-negative
pedigrees, in which positive results of linkage analysis of the GCH1 locus or bio-
chemical data indicating GTPCH dysfunction are obtained, possible explanations
are: (1) a large deletion of one or more exons of GCH1; (2) a mutation in noncoding
regulatory regions of GCH1; (3) an intragenic duplication or inversion of GCH1;
and (4) a mutation in as-yet undetermined regulatory genes having an influence on
GCH1 expression or other genes, the products of which interact with GTPCH and
can modify the enzyme function. In fact, large heterozygous deletions in GCH1,
which are undetectable by the conventional genomic DNA sequence analysis of
this gene, have been found in three coding region mutation-negative DRD families,
including the four-generation family shown in the case of patient 2 (3,50). Such a
large genomic deletion in GCH1 is an important subtype and should be analyzed in
coding region mutation-negative DRD patients. Southern blotting, cDNA analysis,
and quantitative duplex polymerase chain reaction are useful for the detection of
exon deletions in GCH1. Approximately 30 to 50% of patients with DRD have
been reported to have no family history of dystonia (5,6). Some of these apparently
sporadic cases can be explained by gender-related incomplete penetrance of GCH1
mutations (87 and 38% in female and male mutation carriers, respectively [58]),
different de novo mutations in GCH1 (suggesting a relatively high spontaneous
mutation rate in this gene [58]), and recessively inherited TH mutations (19).

TH-Deficient DRD
Human TH consists of 14 exons spanning approx 8.5 kb (59). The enzyme TH, a

BH4-dependent monooxygenase, catalyzes the rate-limiting step in the biosynthe-
sis of catecholamines (Fig. 1). In patients with the mild form (TH-deficient DRD)
or the severe form (infantile parkinsonism with motor delay) of autosomal-reces-
sive TH deficiency (60), 13 independent TH mutations (10 missense mutations,
two small deletions, and one branch site mutation) have been reported (13,17–
19,61–72). Six patients with the mild form of TH deficiency from four unrelated
families had normal early development (13,17–19,21,24,25,61).

Although Bartholomé and Lüdecke (17) have reported that DRD resulting from
TH mutations is characterized by leg dystonia (onset at approx 4 years of age),
diurnal fluctuation of symptoms, and a good response to levodopa therapy, further
accumulation of genetically proven patients are necessary to establish the clinical
features of TH deficiency, including those of TH-deficient DRD. This group found
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a homozygous TH mutation in two brothers with DRD (13). The mutated recombi-
nant enzyme showed approx 15% of specific activity compared with the wild-type
in a coupled in vitro transcription–translation assay system (61). A sustained re-
sponse to levodopa treatment without any motor side effects for more than 30 years
has been confirmed in two brothers (onset at age 2 and 5 years, respectively) origi-
nally reported by Castaigne (21) and in another male patient (onset at age 20
months) (18). These three patients were compound heterozygous for TH mutations
(18). One other compound heterozygote, a 10-year-old boy, developed DRD simu-
lating spastic paraplegia at 13 months of age (19). Because all of the six patients
with TH-deficient DRD reported to date are males, female predominance, which
has been confirmed in GTPCH-deficient DRD (35,58), may not be a clinical char-
acteristic in the mild form of TH deficiency (60).

DRD Linked to the DYT14 Locus
Only one family with DRD linked to the DYT14 locus has been reported (14). A

genome-wide linkage analysis performed in the family mapped a novel causative
gene for autosomal-dominant DRD to chromosome 14q13 (outside the GCH1 gene
on 14q22.1-q22.2 [11]). A 77-year-old woman in this family developed dystonia of
the lower extremities by age 3 years (14). There was diurnal fluctuation of her
symptoms. Her dystonia progressed to the upper extremities and she was wheel-
chair-bound by age 12 years. She had no appropriate medical assessment for her
condition until age 73 years, when neurological examination revealed parkinsonism,
including a resting tremor of her left leg, and dystonic posture of all the limbs.
Levodopa therapy (300 mg/day, with a DCI) markedly alleviated these symptoms
and signs. Neuropathological findings in this 77-year-old patient were similar to
those in two DRD patients with GTPCH dysfunction reported previously
(14,32,73).

Genetically Related Disorders

Severe GTPCH Deficiency

Patients with autosomal-recessive GTPCH deficiency usually develop BH4-de-
pendent HPA in the first 6 months of life (54–57). There was no detectable GTPCH
activity in liver biopsy specimens in patients with GTPCH-deficient HPA, and two
genetically confirmed patients (homozygotes for GCH1 mutations [54,56]) dem-
onstrated very high plasma phenylalanine levels. This disorder presents with severe
neurological dysfunction, including convulsions, mental retardation, swallowing
difficulties, developmental motor delay, truncal hypotonia, limb hypertonia, and
involuntary movements. In the first report of recessively inherited GTPCH defi-
ciency by Niederwieser (55), hyperreflexia with extensor plantar responses were
also described. In contrast with GTPCH-deficient DRD patients, BH4 administra-
tion and neurotransmitter replacement therapy (levodopa and 5-hydroxytryptophan)
are necessary for GTPCH-deficient HPA patients (55,57).
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Moderate GTPCH Deficiency
A novel phenotype of GTPCH deficiency (dystonia with motor delay), which is

clinically and biochemically intermediate between GTPCH-deficient DRD (mild)
and GTPCH-deficient HPA (severe), has been found in three compound heterozy-
gotes for GCH1 mutations (30,39). This phenotype is characterized by develop-
mental motor delay, limb dystonia (with truncal hypotonia) that progresses to
generalized dystonia, and no overt HPA in infancy. Such compound heterozygotes
could be misdiagnosed initially as having cerebral palsy (39). There may be some
patients with dystonia and motor delay caused by compound heterozygous GCH1
mutations; one is detectable by the conventional genomic DNA sequence analysis
of this gene but the other is not (e.g., a large heterozygous deletion [3,50]) (60). In
two of the three compound heterozygotes (30,39), their mothers and maternal grand-
mothers (all heterozygotes) developed DRD symptoms, suggesting that these two
patients have at least one dominant allele, whereas compound heterozygous geno-
types generally involve different recessive alleles at a locus. The finding of com-
pound heterozygotes in these DRD pedigrees also suggests that intrafamilial
phenotypic heterogeneity in some GTPCH-deficient DRD families may be ex-
plained by an additional GCH1 mutation (7,60). It is worth noting that one com-
pound heterozygote for GCH1 mutations responded remarkably to low doses of
levodopa and made further improvement in motor function when BH4 was chroni-
cally added to maintenance levodopa treatment (30). This observation suggests that
early combination therapy of levodopa and BH4 may be suitable for some com-
pound heterozygotes manifesting the dystonia with motor delay phenotype.

Severe TH Deficiency
In contrast with patients with the mild form of TH deficiency (TH-deficient

DRD), all of the nine reported patients with the severe form of TH deficiency from
nine unrelated families had onset of symptoms at less than 6 months of age, with
developmental motor delay, truncal hypotonia, rigidity of extremities, and hypoki-
nesia (62–72). Ptosis and/or oculogyric crises were often observed. Diurnal fluc-
tuation was not recognized in most of these patients showing the infantile
parkinsonism with motor delay phenotype (60). Very severely affected cases also
developed mental retardation and hyperprolactinemia; although dopamine is a pro-
lactin-inhibiting factor at the hypothalamus level, serum prolactin concentrations
are usually normal in patients with GTPCH-deficient DRD (39). In one patient, in
whom a homozygous TH missense mutation was found, the mutant TH revealed
only 0.3–16% of wild-type enzyme activity in three complementary expression sys-
tems (62,64). A clinical comparison between two compound heterozygotes for TH
mutations, one with the severe form of TH deficiency (63,67,69) and the other with
the mild form (19), have suggested that an effect on TH activity in vivo of a mis-
sense mutation in the catalytic domain may be more severe than that in the
tetramerization domain of this enzyme (16). It is often difficult to increase levodopa
doses smoothly in patients with the severe form of TH deficiency, especially at the
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initiation of treatment, because of the development of intolerable dyskinesias. For
these patients, combined administration of levodopa and selegiline (a monoamine
oxidase-B inhibitor) has been recommended (70,74).

LABORATORY INVESTIGATIONS
Routine blood counts and chemistries, plasma and urine amino acids, serum cop-

per and ceruloplasmin, and brain computed tomography and magnetic resonance
imaging are normal in patients with DRD.

Cerebrospinal Fluid Pterin Analysis
Before the discovery of GCH1 mutations, a functional abnormality of brain

GTPCH was suggested by decreased levels of cerebrospinal fluid (CSF) total
biopterin (BP) and total neopterin (NP) in autosomal-dominant DRD (1,8,75–79).
BP includes BH4, quinonoid dihydrobiopterin, and 7,8-dihydrobiopterin, and NP
consists of degradation products (dihydroneopterin and neopterin) of
dihydroneopterin triphosphate, which is synthesized from GTP by GTPCH (80;
Fig. 1). Most of brain BP exists as BH4, and more than 70% of CSF NP exists as the
dihydro form (80). Generally, NP is considered to reflect GTPCH activity, and low
levels of both BP and NP in CSF have been demonstrated in genetically proven
patients with GTPCH-deficient DRD (including the apparently sporadic patient 1),
dystonia with motor delay, and GTPCH-deficient HPA (1,2,30,52,56,81). Reduced
brain BP and NP concentrations were confirmed in the two autopsied patients with
DRD (16,32).

GTPCH Activity Assay
Ichinose (11) reported that GTPCH activity levels in phytohemagglutinin (PHA)-

stimulated mononuclear blood cells were decreased in patients with DRD having
GCH1 mutations compared with normal controls. Using cultured lymphoblasts,
however, Bezin (83) has suggested that the PHA induction alone misrepresents the
actual status of GTPCH activity. Activity of GTPCH in PHA-stimulated mono-
nuclear blood cells was lower in normal females than in normal males in the previ-
ous report (11). Nevertheless, there was no difference of this activity between
females and males in a recent report from the same group (82). Unfortunately,
nonstimulated GTPCH activity in mononuclear blood cells is too low to be mea-
sured. Although measurement of GTPCH activity in cytokine-stimulated fibroblasts
was recently reported to be useful for the diagnosis of DRD, the reason why the
activity was lower in GTPCH-deficient DRD than in GTPCH-deficient HPA re-
mains to be explained (84). In co-expression studies, it has been demonstrated that
GTPCH with dominantly inherited GCH1 mutations, but not recessively inherited
ones, inactivated the wild-type enzyme, suggesting a critical role of this dominant
negative effect in autosomal-dominant GTPCH-deficient DRD (85–87). However,
Suzuki (88) has suggested that such a dominant negative effect is unlikely to ex-
plain low enzyme activity in PHA-stimulated mononuclear blood cells from
GTPCH-deficient DRD patients (<20% of controls [11]) and that a reduction of the
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amount of GTPCH protein found in these cells may contribute to the mechanism of
dominant inheritance.

Phenylalanine-Loading Test
Patients with DRD never develop HPA. However, a subclinical defect in pheny-

lalanine metabolism (resulting from partial BH4 deficiency in the liver) can often
be detected in GTPCH-deficient DRD patients by the phenylalanine-loading test,
analyzing plasma phenylalanine-to-tyrosine ratios for 6 or 4 hours following an
oral phenylalanine load (100 mg/kg) (89–91). Nevertheless, both false-negative and
false-positive results of this test have been reported (90,91). The reason for the
difference in susceptibility to a BH4-deficient condition between TH and phenyla-
lanine hydroxylase could relate to different Km (Michaelis constant) values of the
hydroxylases for BH4 (60,92).

Neuroimaging Studies
Positron emission tomography (PET) and single-photon emission computed to-

mography (SPECT) investigations using presynaptic dopaminergic markers, (1)
[18F]-6-fluorodopa whose uptake rate constant is an index of dopa uptake, decar-
boxylation, and storage mechanisms, and (2) ligands ([123I] -CIT and
-fluoropropyl-CIT) which bind to the dopamine transporter (DAT), have shown
normal or near-normal results in the striatum of DRD patients (34,78,93–98). These
PET and SPECT findings are consistent with normal striatal levels of aromatic L-
amino acid decarboxylase (AADC) protein and the DAT examined by [3H]WIN
35428 binding in the autopsied DRD patients with GTPCH dysfunction (32). Using
[11C]-raclopride PET, two groups have reported elevated D2-receptor binding in
the striatum of patients with DRD (97,99). This increased receptor binding could
be caused by receptor upregulation or diminished competition for the tracer as a
consequence of low synaptic dopamine concentration.

Neuropathology and Neurochemistry
Neuropathological studies demonstrated no Lewy bodies, and a normal popula-

tion of cells with reduced melanin in the substantia nigra of two DRD patients (case
1 [19 years] and case 2 [68 years]) and one asymptomatic case (55 years) with
GTPCH dysfunction (32,38,73). These pathological characteristics were similar to
those in the patient (77 years) with DRD linked to the DYT14 locus (14). Case 1 had
a GCH1 nonsense mutation (Glu65Ter) on one allele and a polymorphism in GCH1
(Pro23Leu [60,100]) on the other allele (32). In case 2, no mutation in either the
coding region or the splice sites of GCH1 was found (32). The asymptomatic case
in a family with DRD (linked to the GCH1 locus [10]) had a heterozygous mis-
sense mutation (Gly108Asp) in GCH1 (38). This missense mutation was not iden-
tified on 150 normal control chromosomes. There have been no reports of autopsied
patients with TH-deficient DRD, and neurochemical analysis was not conducted in
the patient with DYT14 dystonia.
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In the putamen of cases 1 and 2, BP and NP concentrations were substantially
reduced (mean, –84% and –62%) compared with age-matched normal controls (32).
Striatal subregional dopamine data pointed to an involvement of the caudal portion
of the putamen as the striatal subregion that was most affected by dopamine loss (–
88%) in both patients (32,73). Dopamine concentration in this striatal subdivision
was reported to be normal in an autopsied patient with DYT1 dystonia (101). It is
known that the caudal putamen is most affected by loss of dopamine in patients
with PD (102,103). In the asymptomatic case, decreases in BP and NP levels in the
putamen (–82% and –57%) paralleled those in cases 1 and 2 (38). Dopamine con-
centration in the caudal subdivision of the putamen was not as severely reduced (–
44%) as in the symptomatic cases. Consistent with other postmortem data
suggesting that greater than 60 to 80% of striatal dopamine loss is necessary for
overt motor symptoms to occur (103), the maximal 44% dopamine reduction in the
striatum of the GCH1 mutation carrier was not sufficient to produce any DRD
symptoms.

In contrast with patients with PD (104,105), striatal levels of AADC pro-
tein, the DAT, and the vesicular monoamine transporter (measured by
[3H]dihydrotetrabenazine binding) were normal in cases 1 and 2, indicating that
striatal dopamine nerve terminals are preserved in GTPCH-deficient DRD patients
(32). However, TH protein levels were markedly decreased in the putamen (>–
97%) of both symptomatic cases. These biochemical findings have suggested that
striatal dopamine reduction in GTPCH-deficient DRD is caused not only by de-
creased TH activity as a result of low cofactor concentration, but also by actual loss
of TH protein. The human brain data are compatible with TH protein loss, associ-
ated with normal AADC activity in brains of BH4-deficient mice (106,107). In
contrast with the symptomatic cases, concentration of TH protein in the putamen
was only moderately reduced (–52%) in the asymptomatic case (38). Striatal TH
protein reduction in GTPCH-deficient DRD may be caused by a diminished regula-
tory effect of BH4 on the steady-state level (stability/expression) of TH molecules
(32). Because TH protein concentrations in the substantia nigra, where striatal TH
molecules are synthesized, were normal in cases 1 and 2, BH4 could control stabil-
ity rather than expression of this enzyme (16,32). This is supported by a recent
report showing loss of TH protein, but not of TH mRNA, in brains of BH4-deficient
mice (107). Alternatively, there might be an abnormality of TH protein transport
from the substantia nigra to the striatum resulting from congenital partial GTPCH
deficiency (16,32). The neurochemical findings in the asymptomatic GCH1 muta-
tion carrier suggest that the extent of striatal TH protein loss may be critical in
determining the symptomatic state of GTPCH-deficient DRD (38).

DIAGNOSIS
Which laboratory investigations are practical for the diagnosis of DRD? Be-

cause not all patients with DRD have mutations in the coding region (including the
splicing junctions) of GCH1 or TH, which can be detected by usual genomic DNA
sequencing of these genes, the present genetic testing for DRD is not suitable for



Dopa-Responsive Dystonia 221

routine clinical practice. Measurement of GTPCH activity in PHA-stimulated
mononuclear blood cells (11,82) as well as cytokine-stimulated fibroblasts (84) is
technically demanding, and is conducted in only a few research laboratories. More-
over, the activity test using mononuclear blood cells should be performed within 20
hours after blood sampling (82,84). The enzyme TH is mainly expressed in the
brain and the adrenal medulla, and direct measurement of its activity is not a diag-
nostic option. In the phenylalanine-loading test (89), a small number of DRD pa-
tients confirmed to have GCH1 mutations showed no abnormality of phenylalanine
metabolism (90). In contrast, there have been no negative reports on the results of
CSF NP measurement (low NP concentrations) in genetically proven patients with
GTPCH-deficient DRD, dystonia with motor delay, and GTPCH-deficient HPA
(1,2,30,46,52,56,81,96,108), except for one report showing a borderline value in an
atypical case with dominantly inherited GTPCH deficiency (51). Decreased NP
levels in CSF are not observed in other types of BH4 deficiency (57,109). Because
of the known influence of age and immune status on NP, it is necessary to have age-
matched control data and to exclude samples with infections when a patient is diag-
nosed as having GTPCH deficiency by reduced concentrations of both NP and BP
in CSF (1,80). Precise determination of CSF levels of neurotransmitter metabolites
(before starting levodopa therapy) has been reported to be useful for the diagnosis
of TH deficiency (low homovanillic acid [HVA] and 3-methoxy-4-
hydroxyphenylethyleneglycol associated with normal 5-hydroxyindolacetic acid)
(62,63,65–72). Thus, although a lumbar puncture is invasive, CSF analyses of pter-
ins and neurotransmitter metabolites are informative for the diagnoses of both
GTPCH and TH deficiencies (8,57,67,80,110). Unfortunately, however, these
analyses are available in relatively limited laboratories. Taken together, a therapeu-
tic trial with low doses of levodopa based on clinical suspicion is still the most
practical approach to the diagnosis of DRD.

The major differential diagnoses of DRD include early-onset parkinsonism
(EOP), DYT1 dystonia, cerebral palsy, and spastic paraplegia. Patients with EOP
responding markedly to levodopa, especially those with onset below age 20 years,
often develop gait disturbance owing to foot dystonia as the initial symptom (2,8).
Furthermore, these patients with EOP can demonstrate mild to moderate diurnal
fluctuation (sleep benefit) prior to levodopa administration. Accordingly, the clini-
cal differentiation between patients with EOP with dystonia and patients with DRD
in the early course of the disorder is sometimes difficult. The most reliable clinical
distinction between EOP and DRD is the occurrence of motor adverse effects of
chronic levodopa therapy (wearing-off and on–off phenomena and dopa-induced
dyskinesias) in EOP. Under optimal doses, patients with DRD, even on long-term
levodopa treatment, do not develop these complications. However, this is a retro-
spective difference. An investigation of the nigrostriatal dopaminergic terminals by
PET or SPECT can differentiate DRD (normal or near-normal) from EOP (mark-
edly reduced) (93,94,96,98), whereas this investigation probably will not distin-
guish between GTPCH-deficient DRD and TH-deficient DRD. Measurements of
both BP and NP in CSF can be useful for the differential diagnoses of the following
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disorders responsive to levodopa (2,7,8,32,63,70): GTPCH-deficient DRD (low BP
and NP), TH-deficient DRD (normal BP and NP), and PD or EOP (low BP associ-
ated with normal NP), including the autosomal-recessive form caused by parkin
mutations (111). A “dramatic” (and retrospectively sustained) response to low doses
of levodopa in DRD distinguishes this disorder from all other forms of dystonia,
including DYT1 dystonia (typically early-onset limb dystonia spreading to at least
one other limb but not to cranial muscles) resulting from a 3-bp deletion in the
TOR1A gene (112), and from cerebral palsy as well as spastic paraplegia.

TREATMENT

There is general agreement that patients with childhood-onset dystonic symp-
toms of unknown etiology should be treated initially with levodopa (7,113). Initial
use of a dose of levodopa with a DCI, 6.25/25 mg of carbidopa/levodopa (C/L;
Sinemet) two to three times a day, and gradual increase to higher doses have been
recommended (113). Although patients with DRD may develop dyskinesias (mainly
choreic movements) at the initiation of levodopa treatment, such dyskinesias sub-
side following dose reduction and do not reappear with later slow dose increment
(5,6): note that these transient dyskinesias are different from those with motor re-
sponse fluctuations observed in patients with PD and EOP during chronic levodopa
treatment. Because some children with DRD showed remarkable responsiveness to
smaller doses and a child with the dystonia with motor delay phenotype developed
very severe dyskinesia (which lasted 4 days) after receiving a single 50 mg dose of
levodopa with a DCI (30,114), we suggest starting a therapeutic trial using a dose
of 6.25/25 mg of C/L, once a day, for dystonia children without developmental
motor delay and a dose of 3.1/12.5 mg, once a day, or even less for those with overt
motor delay in infancy. In fact, the child manifesting the dystonia with motor delay
phenotype was successfully treated with an initial dosage of 8 mg/day of levodopa
with a DCI (30). For adult patients, we suggest an initial dose of 12.5/50 mg of C/
L once or twice a day. In patients with DRD, motor benefit can be recognized
immediately or within a few days and full benefit occurs within several days to a
few months after beginning levodopa administration. Maximum benefit (complete
or near-complete responsiveness of symptoms) is usually achieved by less than 300
mg/day of levodopa with a DCI (25/100 mg of C/L, three times a day) (Table 1) or
by less than 20–30 mg/kg/day of levodopa without a DCI (5,6,113). Some geneti-
cally confirmed adult patients with GTPCH-deficient DRD needed 400 mg/day of
levodopa with a DCI (40,114). According to Nygaard and Duvoisin (115), no dose
of levodopa (with carbidopa) greater than 400 mg/day has been necessary for DRD
patients. A continued stable response to levodopa therapy and no complications for
more than 30 years have been confirmed in patients with GTPCH-deficient DRD
and TH-deficient DRD (5,18,23–26). Even DRD patients untreated for more than
40 years (including the 77-year-old patient with DYT14 dystonia) showed a re-
markable response at initiation of levodopa treatment (5,6,14). Although patients
with DRD can respond to trihexyphenidyl and bromocriptine, the efficacy of
levodopa is generally superior to that of these other drugs (5,113).
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The limited clinical literature demonstrates that acute BH4 treatment may be
much less effective than levodopa therapy for patients with GTPCH-deficient DRD,
including the apparently sporadic patient 1 (2,75,116): BH4 is available from
Schircks Laboratories, Jona, Switzerland. In this genetically proven patient, BH4
(40 mg/kg/day) was orally administered for 5 consecutive days (2). Although the
dosage of BH4 should be sufficient to enter the brain (117–119), no functional
benefit was found from this acute oral BH4 administration. Even after intravenous
infusion of BH4 in GTPCH-deficient DRD patients, CSF HVA concentrations were
unchanged despite marked elevation of BP levels in CSF (116). The low efficacy of
such acute administration of BH4 (adequate to cross the blood–brain barrier) may
be explained by striatal TH protein loss (observed in the two autopsied patients
with DRD), which would be expected to limit any acute stimulatory effect of the
cofactor BH4 on dopamine biosynthesis (32). In contrast, the remarkable efficacy
of levodopa (which bypasses TH in the biosynthetic pathway of dopamine) can be
explained by the normal protein levels of AADC, for which levodopa is a substrate.
Assuming that BH4 does, in fact, influence the steady-state level of TH protein in
the human brain, it could be expected that repeated administration of BH4, if suffi-
ciently prolonged, might upregulate TH protein concentration in the nigrostriatal
dopaminergic terminals in GTPCH-deficient DRD.

CONCLUSION

Since the discovery of GCH1 and TH mutations responsible for DRD, our un-
derstanding of this disorder has greatly increased. However, a traditional therapeu-
tic trial with relatively low doses of levodopa is still the most practical approach to
the diagnosis of DRD, as not all DRD patients have GCH1 or TH mutations detect-
able by conventional genomic DNA sequencing of these genes. Because patients
with DRD demonstrate complete or near-complete and sustained responsiveness of
symptoms to levodopa therapy, the trial should be considered in all children with
dystonic and/or parkinsonian symptoms or with unexplained gait disorders. The
diagnostic alternatives (e.g., DYT1 dystonia, cerebral palsy, and spastic paraple-
gia), except for EOP responding to levodopa, can be distinguished from DRD by
this dramatic response at initiation of levodopa treatment. For the differentiation
between DRD (metabolic disorder) and EOP (degenerative disorder) in the early
course, a PET or SPECT study of the nigrostriatal dopaminergic terminals can be
useful. Analyses of pterins and neurotransmitter metabolites in CSF appear to be
useful for the diagnosis of GTPCH-deficient DRD (the major form of DRD) and of
TH-deficient DRD (the mild form of TH deficiency). Findings of the new causative
gene on the DYT14 locus and the precise mechanism of striatal TH protein loss in
GTPCH-deficient DRD will better define the pathogenesis of DRD.

NOTE ADDED IN PROOF

Since submission of this manuscript, an additional patient with the severe form
of TH deficiency (a homozygote for a missense mutation [Leu236Pro]) has been
reported (120); although this report emphasizes that TH deficiency can cause pro-
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gressive encephalopathy and “dopa-nonresponsive dystonia,” the DRD phenotype
(see “TH-Deficient DRD” in this chapter) should not be missed out of the spectrum
of TH deficiency (121).

It has also been reported recently that amantadine suppressed severe dopa-in-
duced choreic dyskinesia, which developed at initiation of levodopa treatment, in
two compound heterozygotes for GCH1 mutations manifesting the dystonia with
motor delay phenotype (see “Moderate GTPCH Deficiency”) (122).

LEGENDS TO CD-ROM
Segment 1: The 45-yr-old woman (patient 2), the proband in the four-generation

dystonia family shown in the patient vignettes section, has dystonic posturing of
the feet on walking with the right being much worse. Her slow walking also reveals
dystonic posture of the right arm, diminished right-arm swing, and mild postural
instability and turning.

Segment 2: After receiving a single 100 mg dose of levodopa with decarboxy-
lase inhibitor (benserazide/levodopa 25/100 mg), the patient has no dystonic pos-
turing of the feet and demonstrates fast and stable walking, whereas her right arm
remains slightly impaired.
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Whipple’s Disease

John Lynch and Tim Lynch

PATIENT VIGNETTES
Patient 1: A 55-year-old-man developed right facial twitching followed 6 months

later by somnolence, blurred vision, and imbalance. He noticed that the facial twitch-
ing spread to his neck and tongue, and his family noticed that it persisted in sleep. He
then developed dysarthria and complained of poor memory, change in personality,
malaise, intermittent fevers, increased sweating, and impotence over the ensuing 6
months. On initial assessment 1 year after the onset of facial twitching, orientation,
memory, and language were normal. He was intermittently inattentive and had marked
dysarthria resulting from rhythmic lingual retraction and masticatory myorhythmia
coinciding with rhythmic contractions of the right side of the face, neck, chest, and
the right arm. The contractions spread irregularly to the left side of the face, chest,
arm, and leg. Vertical gaze was limited, but improved with the oculocephalic maneu-
ver. Saccades were slow in all directions. Pendular vergence oscillations of the right
more than the left eye (frequency = 1 Hz) occurred synchronously with masticatory
and skeletal myorhythmia (i.e., oculofacial-skeletal myorhythmia). Muscle tone,
strength, sensation, deep tendon reflexes, plantar responses, and postural stability
were normal. His gait was mildly ataxic.

Routine laboratory, cerebrospinal fluid (CSF), and electroencephalogram (EEG)
studies were normal. Brain magnetic resonance imaging (MRI) with gadolinium re-
vealed a nonenhancing left frontal periventricular hyperintensity. Electromyographic
analysis revealed 400-ms bursts of bilateral rhythmic activity. This activity origi-
nated at the level of cranial nerve VII, and spread rostrally to involve the muscles of
the mastication, and caudally to involve muscles of the neck, arms, and legs.

Periodic acid-Schiff (PAS) and Grocott methenamine silver stains from a second
duodenal biopsy demonstrated intracytoplasmic granular rod-shaped structures con-
sistent with Whipple’s bacillus. Central nervous system (CNS) Whipple’s disease
(WD) was diagnosed. He was treated with Trimethoprim-sulfamethoxazole (TPM-
SMX) (1 double-strength [DS] tablet twice a day) for 2 years, which resulted in im-
provement in malaise and the ocular component of the myorhythmia. Ceftriaxone (2
g/day) was added for 9 months, with modest improvement in hemifacial spasms,
malaise, and lethargy.
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Patient 2: A 47-year-old woman developed severe progressive insomnia unre-
sponsive to medication, a 10-lb weight loss, diplopia, fever and submandibular lymph
node enlargement. Past history was notable for arthritis without diarrhea.

On examination, vertical and horizontal saccades were slow, with diminished ab-
duction of the left eye. Down gaze was full; up gaze was mildly limited. There were
spontaneous, convergent nystagmoid movements in the right eye unaccompanied by
miosis. These movements increased with downward moving opticokinetic stimuli.

Over the ensuing 8 months, a progressive opthalmoparesis resulted in complete
loss of voluntary eye movements except for adduction of the right eye. She developed
short-term memory loss, depressive symptoms, difficulty swallowing, blurred vision,
intermittent hypersomnolence, and increased postural instability. On re-examination,
she was intermittently unarousable, with hypomimia and severe dysarthria. Pendular
vergence oscillations of both eyes synchronous with the masticatory myorhythmia
(oculomasticatory myorhythmia [OMM]) were present. There was mild hypertonia,
and normal strength and sensation. Deep tendon reflexes were brisk. Gait was slow,
with shuffling, difficulty turning, and postural instability. Carbidopa/levodopa and
prednisolone (20 mg daily) were prescribed without benefit.

Routine laboratory studies and EEG were within normal limits. CSF analysis re-
vealed protein levels of 50 to 55 mg/dL with a normal glucose concentration, and 70
PAS-negative mononuclear cells. Brain computed tomography scans appeared nor-
mal and an MRI revealed an Arnold-Chiari type 1 malformation with no brainstem
compression. Specimens obtained from two duodenal biopsies indicated mild chronic
nonspecific duodenitis. No PAS staining or other changes consistent with WD were
detected. Electron microscopy was not performed. CNS WD was diagnosed based on
clinical findings (i.e., OMM and supranuclear gaze palsy) and subsequently confirmed
by polymerase chain reaction analysis of the PAS-negative duodenal biopsies. Intra-
venous ceftriaxone (2 g daily) for 6 months resulted in complete resolution of OMM
and improvement in the supranuclear gaze palsy and malaise. After switching to TPM-
SMX (1 DS tablet twice a day), the supranuclear gaze palsy, lethargy, and malaise
recurred. After years of follow-up, she was restricted to a wheelchair and fed by
gastrostomy.

INTRODUCTION

Whipple’s disease (WD) was originally described as a gastrointestinal (GI) dis-
order associated with arthralgia (1). It can result in debilitating neurological dys-
function (2,3) and often has a relapsing course. It is caused by a bacilliform
bacterium, Tropheryma whippelii. Infection can occur in several organs, including
the GI tract, heart, lungs, kidney, brain, and skin. Fewer than 800 cases have been
reported. Although WD is a relatively rare entity, its diagnosis may be made, or at
least strongly suspected, from certain clinical features. Early diagnosis and treat-
ment is essential to ensure good recovery.

Sequencing of polymerase chain reaction (PCR)-amplified bacterial 16s riboso-
mal RNA from infected tissue has led to characterization of the Whipple organism
(4). Tropheryma whippelii DNA has also been detected in the saliva of patients
without Whipple’s disease (5). Overall, four different rDNA types are recognized
in the proposed classification system for molecular variants of T. whippelii. It ap-
pears to be a unique member of the Actinomycetaceae family of bacteria (6).
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The disease has not been reproduced in animals and its pathophysiology is not
completely understood. The host produces a cellular rather than humoral immune
response that results in macrophage recruitment. The role of T-cell-mediated im-
mune defects is uncertain. WD has been described in connection with acquired
immunodeficiency syndrome and other conditions of immunosuppression.

The bacillus has morphological features of both Gram-positive and Gram-nega-
tive organisms. Determination of the DNA G + C content confirmed that it belongs
to the high G + C Gram-positive bacteria (7). It appears both intracellularly and
extracellularly; infected macrophages are characteristically present. In most tis-
sues, however, infection is not restricted to macrophages alone. Infected cells stain
strongly with periodic acid-Schiff (PAS). Examination by electron microscopy
demonstrates that the areas of intense PAS staining are packed with bacilli, some of
which have degenerated. These areas usually have a distinctive sickle shape. Cells
containing them are referred to as sickle particle cells.

Culturing the bacterium has been an elusive goal. In 1997, the bacterium was
isolated and grown in human macrophages inactivated with interleukin-4 (8). It has
since been cultured from a patient with endocarditis resulting from WD (9). Mono-
clonal antibodies to the immunodominant epitope of T. whippelii, which is an 84-
kDa protein, have been developed (10).

The epidemiology of WD is poorly understood. There seems to be a predomi-
nance of the systemic disorder in elderly men (8:1 male:female) and Caucasians,
but this is less obvious in central nervous system (CNS) WD.

CLINICAL FEATURES

Systemic Disease
The symptoms of the systemic disease are weight loss, abdominal pain, diarrhea

(often with steatorrhea), and migratory arthralgia. Arthralgia often antedates the GI
symptoms. Malabsorption may be prominent. Low-grade fever, lymphadenopathy,
increased skin pigmentation, and subcutaneous nodules, which histologically
demonstrate septal panniculitis with a large amount of foamy histiocytes (11), also
occur. There has been a report of bone-marrow involvement (12). Myocarditis, peri-
carditis, endocarditis, and coronary arterial damage (13) have been described. There
have been cases of ocular (keratitis, uveitis, vitreous opacities) and neurological
disease without evidence of systemic infection (2,14).

Neurological Manifestations
The neurological disorder, which occurs in 6–43% of patients with WD, is usu-

ally a progressive encephalopathy, characterized by memory loss, personality
change, and cognitive dysfunction (2). Asymptomatic CNS infection may occur.
Neurological symptoms predating other systemic features of WD occur in 5% of
cases. Seizures, meningitis, strokes, peripheral neuropathy, myopathy, acute in-
tracranial hypertension (15), and rhythmic tremor of the palate and other cranial
limb muscles with cerebellar ataxia (16) have been described. A novel association
between juvenile dermatomyositis and WD has been reported (17). Focal findings
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may suggest discrete lesions and include ophthalmoplegia, motor and sensory signs,
ataxia, and evidence of hypothalamic dysfunction, including hypersomnolence and
hormone deficiencies. A combination of slow pendular vergence nystagmus (1 Hz),
concurrent contraction of the masticatory muscles (oculomasticatory
myorhythmia), and vertical supranuclear palsy has been described in WD (3,18).
Continuous smooth, rhythmic convergent eye movements characterize pendular
vergence oscillations, with a frequency of 1 Hz and varying from 10 to 25 degrees
of amplitude per eye, but never diverging beyond the primary position. The oscilla-
tions continue throughout sleep and may be subtle and asymmetric. Convergence
and divergence are at the same speed and are not accompanied by miosis or accom-
modation. The anatomical basis for this apparently unique movement disorder is
not known, but it may originate from the upper brainstem. The rhythmic myoclonus
is characterized by repetitive contractions of facial, masticatory, and pharyngeal
muscles with or without limb involvement. It continues throughout sleep and dif-
fers from oculopalatal myoclonus, which has a frequency of 2 Hz. Oculomasticatory
myorhythmia in association with supranuclear palsy is pathognomonic of neuro-
logical WD.

EVALUATION (SEE TABLE 1)

Radiological Findings
Although magnetic resonance imaging (MRI) is worth pursuing, patients with

CNS WD may have normal brain imaging. The role of MRI has been reviewed (2).
MRI is superior to computed tomography (CT) for detection of small lesions. These
lesions, which occur in 53% of cases (2), consist of T1 hypointensity and T2
hyperintensity, show no mass effect, and are located in the medial part of the tem-
poral lobes, hypothalamus, and pons. They may enhance after infusion of contrast.
There is associated atrophy in 42% of cases. Biopsy of these lesions has provided
the diagnosis in several cases. Multiple mass lesions have rarely been described
(19). Spinal cord involvement with Whipple’s disease is unusual (20,21,21a). In-
volvement of the optic chiasm has only rarely been revealed by MRI (22).

Laboratory Investigations
General laboratory studies usually reveal steatorrhea, impaired xylose absorp-

tion, anemia, and hypoalbuminemia. Diagnosis, however, is usually made by jeju-
nal biopsy, which demonstrates the PAS-staining macrophages. Because
PAS-positive macrophages may be found in other diseases and in other tissues in
normal individuals, confirmation of the diagnosis is facilitated by detection of the
actual bacillus with appropriate stains, or by electron microscopy or PCR amplifi-
cation of 16s ribosomal T. whippelii RNA. Immunological detection of T. whippelii
may now be possible (9,10). However, T. whippelii occurs only rarely in intestinal
mucosa that lacks histopathological evidence of WD (14), which suggests that the
human small intestinal mucosa is an unlikely reservoir for this organism (23). Cere-
brospinal fluid (CSF) examination may be normal or show a moderate pleocytosis
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(about 200 cells, mostly mononuclear) or protein levels up to 100 to 200 mg/dL.
Immunoglobin G elevation has been reported in the CSF.

The definitive diagnosis of CNS WD is confirmed by finding PAS-containing
macrophages in the brain, and by demonstrating the bacillus in these cells or by
demonstrating a positive PCR assay for Tropheryma whippelii (2). PCR can be
used for the diagnosis of WD, including in patients with histologically negative
jejunal biopsies (6,14,24,25). PCR of blood from a suspected case is very useful,
given its speed and ease. Its sensitivity has, however, been questioned, particularly
when blood mononuclear cells are used for DNA extraction rather than whole blood.
Differences in the published sensitivity and specificity may result from method-
ological factors, such as the technique of DNA extraction and the sequence of prim-
ers and PCR condition (26). If the organism has been detected in a small bowel
biopsy or in other tissues such as synovium and vitreous humor (27), cerebral bi-
opsy is not necessary.

TREATMENT (SEE TABLE 2)

There is no clear evidence that one antimicrobial agent is better than another in
the treatment of CNS WD. Therapeutic trials without definite diagnosis have been
attempted, with the usual pitfalls of misdiagnosis and mistreatment. Evidence for
the sensitivity of T. whippelii to various antibiotics is anecdotal. Many agents have

Table 1
Guidelines for Diagnostic Screening, Biopsy, and Treatment
of Central Nervous System (CNS) Whipple’s Disease (WD) (2)

Definite CNS WD
Must have any one of the following three criteria:

1. Oculomasticatory myorhythmia or oculofacial-skeletal myorhythmia
2. Positive tissue biopsy
3. Positive polymerase chain reaction (PCR) analysis

If histological or PCR analysis is not performed on CNS tissue, then the patient must also
demonstrate neurological signs. If histological or PCR analysis is performed on CNS
tissue, then the patient need not demonstrate neurological signs (i.e., asymptomatic infection).

Possible CNS WD
Must have any one of four systemic symptoms, not of another known etiology:

1. Fever of unknown etiology
2. Gastrointestinal symptoms (steatorrhoea, abdominal distension, or pain)
3. Chronic migratory arthralgias or polyarthralgias
4. Unexplained lymphadenopathy, night sweats, or malaise

Also must have any one of four neurological signs, not of another known etiology:
1. Supranuclear vertical gaze palsy
2. Rhythmic myoclonus
3. Dementia with psychiatric symptoms
4. Hypothalamic manifestations
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been used, including doxycycline, ampicillin, chloramphenicol, penicillin, co-
trimoxazole, trimethoprim sulphamethoxazole, ciprofloxacin, rifampicin, cefixime,
erythromycin, intramuscular streptomycin, and intravenous ceftriaxone. Tetracy-
clines given alone tend to fail. High-dose penicillin, perhaps with streptomycin
followed by oral trimethoprim/sulfamethoxazole, would appear to be a reasonable
treatment based on reported successful treatment regimens. Third-generation cepha-
losporins are reported to be of benefit, sometimes as an adjunct to the previously
mentioned combination. Treatment must be prolonged because recurrence has fol-
lowed months of treatment and apparent resolution of disease. It has been sug-
gested that to ascertain eradication of T. whippelii in the cerebrospinal fluid, PCR is
more reliable than cytology (28).
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patient vignettes, 123–124
prognosis, 129–130
treatment, 130–133, 131t
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Hemichorea, 123–133
clinical description, 125

Heredodegenerative parkinsonism,
3

HIV. SeeHuman immunodeficiency
virus

Hoarseness, 81
Human immunodeficiency virus

parkinsonism, 19
parkinsonism with, 19
serotonin syndrome, 181

Huntington’s disease, 94–96
Hydrocephalus

obstructive, 10
Hyperekplexia, 187–191

patient vignette, 187
Hyperglycemia

with hemiballism, 127
Hyperkinetic disorders, 2, 3–6
Hyperthermia

lethal, 30
levodopa-withdrawal, 30

Hypodopaminergia, 61
Hypokinetic disorders, 2–3

I

Icotta, 191
Illicit drugs

inducing tics, 160t
Imitrex

mechanism of action, 179t
Imu, 191
Infectious parkinsonism, 15

classification, 15–20
clinical features, 15–20
etiology, 15t

Insect stings
inducing parkinsonism, 12

Isocarboxazid
mechanism of action, 179t

J

Jumping, 191

K

Kayser-Fleischer rings, 196, 200,
201

L

Laryngeal sensory testing, 87
Laryngospasm, 83
Larynx

anatomy and physiology, 80–81
medialization implant, 88t

Lateral orbitofrontal circuit, 61
Lethal catatonia, 54
Lethal hyperthermia, 30
Levetiracetam

for myoclonus, 6
Levodopa, 3

for acute parkinsonism, 21
for DRD, 222
for dystonic storm, 106
mechanism of action, 179t
withdrawal of, 30, 47

Levodopa holiday, 31
Levodopa-withdrawal hyperther-

mia, 30
Lithium

for acute parkinsonism, 21
inducing oculogyric crisis, 120
mechanism of action, 179t

Lockjaw, 151
Lorazepam

for catatonia, 21
LSD. SeeLysergic acid diethyla-

mide
L-tryptophan, 175

mechanism of action, 179t
Lysergic acid diethylamide (LSD)

mechanism of action, 179t

M

Malignant catatonia, 53–66
clinical presentation, 55–58, 57t
pathophysiology, 60–63
patient vignettes, 53–54
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psychogenic, 58
treatment, 63–65

Malignant catatonia syndrome, 58–
59

associated disorders, 59t
Malignant phonic tics, 167–171

clinical symptoms, 168–169
patient vignettes, 167–168
treatment, 169–170

Manometry, 87
MAOI. SeeMonoamine oxidase

inhibitors
Marplan

mechanism of action, 179t
Marsden cocktail

for dystonic storm, 106
MBS. SeeModified barium swallow
MDMA. See3,4-

methylenedioxymethamphetamine
Measles vaccine

parkinsonism after, 19–20
Medications

inducing tics, 160t
over-the-counter

inducing tics, 160t
Menstrual cycle

with tics, 159
Meperidine

for acute parkinsonism, 21
inducing serotonin syndrome,

180
mechanism of action, 179t

3,4-methylenedioxymethamphetamine
inducing serotonin syndrome,

181–182
1-methyl-4-phenyl-1,2,3,6-

tetrahydropyridine, 12
Methylprednisolone pulse therapy

for PHS, 37
Metoclopramide

for parkinsonism, 13
Micrographia

with Wilson’s disease, 198

Migraine
serotonin syndrome, 181

Mini-Mental Status Exam, 2
Miryachit, 191
Mit-gehen, 14
Moclobemide

inducing serotonin syndrome,
179

mechanism of action, 179t
Modified barium swallow, 86
Monoamine oxidase inhibitors,

175, 178–179
Motor circuit, 61
Motor tics, 5
Movement disorder emergency

definition, 1
Movement disorders

definition, 1
patient approach, 1–2
patient examination, 2

MPTP. See1-methyl-4-phenyl-
1,2,3,6-tetrahydropyridine

MSA. SeeMultiple system atrophy
Multiple sclerosis, 93, 126f
Multiple system atrophy, 93

VCAP, 69, 76t
mechanism, 70–71, 71f
posterior glottis, 74f
sleep-induced paradoxical

vocal cord movement, 74f
Muscle disease

acute spinal rigidity, 148–149
Muscle stiffness

acute spinal rigidity, 148
Mutism

with PHS, 32
Mycoplasma infections

parkinsonism with, 19
Myoclonus, 5–6

acute spinal rigidity, 151–152

N

Nardil
mechanism of action, 179t
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Necrotizing myelopathy
acute spinal rigidity, 150–151

Neurofibrillary tangles (NFT), 20
Neuroleptic holiday, 31
Neuroleptic-induced emergencies,

117–212
patient vignettes, 117

Neuroleptic malignant-like syn-
drome, 30

Neuroleptic malignant syndrome,
12–13, 30, 41–50

clinical characteristics, 44–48, 45t
differential diagnosis, 47
epidemiology, 42–43
pathophysiology, 43–44
serotonin syndrome, 180–194
vs serotonin syndrome, 182t
treatment, 48–50, 49t

Neuroleptics
for PANDAS, 141t
for tics, 5

NFT. SeeNeurofibrillary tangles
NLMS. SeeNeuroleptic malignant-

like syndrome
NMS. SeeNeuroleptic malignant

syndrome
Nonergots, 3
Noninfectious acute parkinsonism,

10–15
structural lesions, 10–12

O

Obsessive compulsive disorder, 158
Obstructive hydrocephalus, 10
Oculogyric crisis, 120
Oculomotor circuit, 61
Olanzapine

for hemiballism, 132
for malignant phonic tics, 170

Oromandibuloloingual dystonia,
90–93, 91f, 92f

Over-the-counter drugs
inducing tics, 160t

P

Pain
tics, 162

Palatal myoclonus, 96
Palilalia, 159
Pallidotomy

for dystonic storm, 107
PANDAS, 138–139

treatment, 143–144
Parkinson’s disease, 94, 95f

PHS, 29–38
Parkinsonian disorders, 2
Parkinsonism

acute, 3, 9–22
etiology, 11t
patient vignettes, 9–10
treatment, 21–22

atherosclerotic, 10
heredodegenerative, 3
infectious, 15, 15t
medications, 3
noninfectious acute, 10–15
primary, 2
psychiatric, 13–19
secondary, 2
toxic/metabolic, 11–13
vascular, 10

Parkinsonism-hyperpyrexia syn-
drome, 29–38, 30

case studies, 33–35, 34t
clinical features, 31–32
vs NMS, 33
Parkinson’s disease, 29–38
pathogenesis, 36
risk factors, 36
treatment, 36–37, 37t

Parkinson-plus syndrome, 2
Parlodel

mechanism of action, 179t
Parnate

mechanism of action, 179t
PD. SeeParkinson’s disease
Penicillamine



246 Index

inducing dystonic storm, 103
Wilson’s disease, 201–202, 202,

202t, 204t, 205
Penicillin

for PANDAS, 141t, 143
for poststreptococcal acute dis-

seminated encephalomyeli-
tis, 141t

for Sydenham’s chorea, 141t, 142
for Whipple’s disease, 236t

PEP. SeePostencephalitic parkin-
sonism

Pergolide, 3
Peripheral nerve hyperexcitability

acute spinal rigidity, 148
Perphenazine

for hemiballism, 130
Pharynx

tardive dystonia, 119
Phenelzine

mechanism of action, 179t
Phenylalanine-loading test

dopa-responsive dystonia, 219
PHS. SeeParkinsonism-hyperpyr-

exia syndrome
Physiological myoclonus, 6
Pimozide

for dystonic storm, 106
for hemiballism, 130
inducing tics, 164
for Sydenham’s chorea, 141t, 142
for tics, 161t

Pondimin
mechanism of action, 179t

Postencephalitic parkinsonism, 16–
17

Poststreptococcal acute dissemi-
nated encephalomyelitis, 138–
139

treatment, 143–144
Poststreptococcal acute myoclonus,

139
treatment, 144

Poststreptococcal autoimmune
with isolated striatal necrosis

treatment, 144
Poststreptococcal autoimmune

dystonia
with isolated striatal necrosis, 139

Poststreptococcal central nervous
system disorders

treatment, 141t
Poststreptococcal neurological

disorders, 135–144
clinical spectrum, 137t
patient vignette, 135

Poststreptococcal paroxysmal dys-
tonic choreoathetosis, 139

treatment, 144
Pramipexole, 3
Primary parkinsonism, 2
Primidone

for termor, 6
Prochlorperazine

for parkinsonism, 13
Progressive encephalomyelitis

acute spinal rigidity, 153
Progressive multifocal leukoen-

cephalopathy
parkinsonism with, 19

Propranolol
for acute akathisia, 120
for tremor, 6

Pseudodystonic emergencies, 111–
115, 112f

differential diagnosis, 112, 114f
patient vignettes, 111

Pseudotorticollis
spinal cord tumor, 115

Psychiatric parkinsonism, 13–19
Psychogenic malignant catatonia,

58
Psychogenic parkinsonism, 14
Psychogenic tics, 163
Ptosis

with infectious parkinsonism, 16
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R

Recurrent laryngeal nerve, 80
Reserpine

for acute akathisia, 121
for hemiballism, 132
mechanism of action, 179t
for tics, 161t

Rhabdomyolysis, 47
Rigidity

with PHS, 32
Risperidone

for hemiballism, 132
for malignant phonic tics, 170
for tics, 161t

Risus sardonicus, 151
RLN. SeeRecurrent laryngeal nerve
Ropinirole, 3

S

Secondary parkinsonism, 2
Selective serotonin reuptake inhibi-

tors
mechanism of action, 179t
with serotonin syndrome, 180
for tics, 5
with tics, 160t

Selegiline, 3
mechanism of action, 179t

Sensory trick, 4
Serotonergic drugs

mechanisms of action, 179t
Serotonin

chemical structure, 177f
for PANDAS, 141t

Serotonin syndrome, 47, 175–184
children, 182–183
clinical manifestations, 176t
epidemiology, 178–179
with migraine, 181
neuroanatomy, 176–178
neurochemistry, 176–178
vs NMS, 180–194, 182t
patient vignettes, 175

treatment, 183–184, 184t
triggers, 178–179

Shy-Drager abductor weakness,
82–83

Shy-Drager disease
abductor paresis, 69–77

patient vignettes, 69–70
Sinemet, 3
Sleep apnea syndrome

vs vocal cord abductor paresis,
73t

Sleepiness
with infectious parkinsonism, 15

SLN. SeeSuperior laryngeal nerve
SN. SeeSubstantia nigra
Snoring

with VCAP, 72
Somnolence

with infectious parkinsonism, 15
Spasmodic dysphonia, 81–82

secondary to botulinum toxin
treatment, 83–84

Spasticity
acute spinal rigidity, 148

Spinal accessory nerve (cranial XI),
80

Spinal cord
structural lesions, 150
tumor

with pseudotorticollis, 115
Spinal rigidity

acute, 147–154
Spirochetal infections

parkinsonism with, 19
SSRI. SeeSelective serotonin

reuptake inhibitors
Startle disease, 189
Startle epilepsy, 190–191
Status dystonicus, 102
Steroids

for poststreptococcal acute dissemi-
nated encephalomyelitis, 141t

for Sydenham’s chorea, 141t
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Stiff baby syndrome, 188
Stiff-leg syndrome

acute spinal rigidity, 153
Stiff-person syndrome

acute spinal rigidity, 152–153
Stimulants

with tics, 159
Stridor, 80
Stroke

with hemiballism, 127
Strychnine

acute spinal rigidity, 151
Substantia nigra, 20
Sulfadiazine

for Sydenham’s chorea, 141t, 142
Sumatriptan

mechanism of action, 179t
Superior laryngeal nerve, 80
Surgical laryngotracheal bypass

procedure, 89f
Swallowing

disorders
treatment, 87–88

emergencies, 84–85
evaluation, 86–87
Parkinson’s disease, 94
physiology, 85–86

Sydenham’s chorea
clinical features, 136–137
diagnosis, 136–137
pathophysiology, 139–140
treatment, 142–143

Symmetrel
mechanism of action, 179t

Syprine
Wilson’s disease, 202t

Systemic lupus, 47
inducing parkinsonism, 13

T

Tardive dystonia
drug-induced, 84
pharynx, 119

Tardive emergencies, 117–121
patient vignettes, 117

Tardive respiratory phenomena,
118–119

Termor, 6
Tetanus, 114–115

acute spinal rigidity, 151
Tetrabenazine

for acute akathisia, 121
for chorea, 5
for dystonic storm, 106
for hemiballism, 130, 132
inducing oculogyric crisis, 120
for malignant phonic tics, 170
for tics, 5, 161t

Tetrathiomolybdate
Wilson’s disease, 202t, 204t

Thalamotomy
for dystonic storm, 107

Tic, 5
acute neurological complica-

tions, 161–162
emergencies, 157–164, 159t

patient vignettes, 157–158
exacerbations, 158–161, 159t

drugs implicated, 160t
medications for

involuntary movements from,
163–164

pain, 162
secondary to central nervous

system disorders, 162–163
treatment, 161t
vocal, 5

Tizanidine
for acute spinal rigidity, 154

Torticollis, 113
Tourette’s syndrome, 5, 168
Toxic/metabolic parkinsonism, 11–

13
Toxoplasmosis

cerebral
parkinsonism with, 19
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Tracheostomy
for vocal cord abductor paresis,

73–74
Tramadol

mechanism of action, 179t
with serotonin syndrome, 180

Tranylcypromine
mechanism of action, 179t

Tremor
with PHS, 32
with Wilson’s disease, 198

Tricyclic antidepressants
mechanism of action, 179t
with tics, 160t

Trientine
Wilson’s disease, 202, 202t, 204t,

205
Trifluoperazine

for acute parkinsonism, 21
Trimethoprim

for Whipple’s disease, 236t
Trismus, 151
Tropheryma whippelii, 232
Tryptophan, 175

mechanism of action, 179t
Tryptophan hydroxylase, 176
Tuberculosis

cerebral
parkinsonism with, 19

U
Ultram

mechanism of action, 179t
Upper aerodigestive tract move-

ment disorder emergencies,
79–96

patient vignettes, 79
Upper motor neuron syndrome

acute spinal rigidity, 148

V
Vagus nerve (cranial X), 80
Valproic acid

for chorea, 5

for myoclonus, 6
for Sydenham’s chorea, 141t, 142

Vascular parkinsonism, 10
Vasculitis

with hemiballism, 127
VCAP. SeeVocal cord abductor

paresis
Venlafaxine

mechanism of action, 179t
Viral encephalitides

parkinsonism accompanying,
17–19

Viral encephalitis
etiology, 18t–19t

Vocal cord abductor paresis
(VCAP)

in MSA, 69, 76t
classification, 73t
diagnosis, 75f
evaluation, 71–76
mechanism, 70–71, 71f
vs sleep apnea syndrome, 73t
treatment, 71–76

Vocal tics, 5
Von Economo’s disease, 15

amyostatic-akinetic form, 16
evaluation, 20–21
hyperkinetic form, 16
imaging, 20
neuropathology, 20
somnolent-ophthalmoplegic

form, 15

W

Wasp stings
inducing parkinsonism, 12

Wellbutrin
mechanism of action, 179t

Whipple’s disease, 6, 231–236
clinical features, 233–234
evaluation, 234–235
laboratory investigations, 234–

235
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neurological manifestations,
233–234

patient vignettes, 231–232
radiological findings, 234
screening, 235t
systemic disease, 233
treatment, 235–236, 236t

Wilson’s disease, 6, 195–206
clinical presentations, 197–199
neurological signs, 198t

patient vignettes, 195–196
screening, 199–201, 200t

Z
Zinc

Wilson’s disease, 202, 202t, 204–
205, 204t

Ziprasidone
for malignant phonic tics, 170

Zonisamide
for myoclonus, 6




