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Preface

Fifteen years have passed since the publication of the first edition of Movement 
Disorder Emergencies. In this time, what first seemed an unusual and esoteric topic 
has become mainstream. Teaching courses on movement disorder emergencies are 
a regular feature of the American Academy of Neurology and International 
Movement Disorders Congress’ annual meetings, and the literature devoted to these 
rare but important topics has significantly grown.

In this third edition, all of the chapters have been revised and updated, and a 
number of new authors were added based on their expertise. We modified the orga-
nization of the chapters to better serve the practicing clinician, beginning with a 
practical approach to the patient, hyperacute emergencies, acute emergencies, emer-
gencies of recognition (diagnostic pitfalls), and practical risks in the clinic (pitfalls 
in management). Key teaching points (shown with a key) and important lessons 
(shown with a lightning bolt) appear throughout each chapter. As before, videos are 
an indispensable resource, and the video segments accompanying 20 of the chapters 
have been expanded and are now available online. New chapters have been added, 
including discussion of the approach to the movement disorders patient in the emer-
gency room and intensive care unit, neuro-ophthalmologic evaluation in movement 
disorders, posthypoxic myoclonus, X-linked adrenoleukodystrophy, and an unusual 
presentation of Wilson’s disease.

We wish to thank Diane Lamsback for her enthusiasm, meticulous attention to 
detail, and indispensable effort in bringing this latest edition to fruition. We also 
thank the patients and their families who generously gave permission for publica-
tion of their videos. Finally, three young co-authors died tragically between the 
publication of the second edition and the present version. Dr. Jessica Panzer, Dr. 
Daniel Schneider, and Dr. John Lynch were highly skilled, compassionate clinicians 
whose contributions to patient care, education, and research will be sorely missed.

We dedicate this third edition to their memory.

New York, NY, USA Steven J. Frucht
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Series Editor Introduction

Welcome to the third edition of Movement Disorders Emergencies. Diagnosis and 
Treatment edited by Steven J. Frucht. The first and second editions were published 
by Springer in 2005 and 2013, respectively, and have been very well received. Both 
filled an important niche in the knowledge base of clinical neurologists who see 
most of their patients in the outpatient clinic or hospital emergency room.

The number of chapters has increased from 20 to 28 between the first two edi-
tions to 32 chapters in this new third edition. All previous chapters have been 
updated and revised, and important teaching points have been highlighted in many 
of the chapters. Patient videos continue to be available on the Springer website for 
nearly all of the chapters. New chapters by new authors which have been added in 
this volume include “Neuro-ophthalmologic Evaluation in Movement Disorders,” 
“Movement Disorder Emergencies of the Upper Aerodigestive Tract,” “Posthypoxic 
Myoclonus and its Management,” “Tic Emergencies,” “Coprolalia and Malignant 
Phonic Tics,” “Startle Disorders,” Functional Movement Disorders,” “X-linked 
Adrenoleukodystrophy,” and “Genetics and Genetic Counseling.”

As previously emphasized by Dr. Frucht, emergencies have not only been defined 
in these volumes by the acute and serious nature of the disorders being described but 
also by the extreme rarity of many of these disorders which usually and even typi-
cally delays diagnosis and often regrettably results in a diagnosis of “psychogenic” 
or “functional” movement disorder born largely out of ignorance and lack of experi-
ence in the clinician asked to make a diagnosis in such cases. Once again, the neu-
rologic community at all levels owes a large debt of gratitude to Dr. Frucht for his 
diligence in continuing to bring this topic to the attention of all of us.

Daniel Tarsy
Parkinson’s Disease and Movement Disorders Center

Beth Israel Deaconess Medical Center, Harvard Medical School
Boston, MA, USA
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Video 2.1  Neuro-ophthalmologic Evaluation in Movement Disorders.  
A 42-year-old man with no past medical history presented to the 
emergency department with acute-onset dizziness, shakiness, and 
oscillopsia. Examination revealed opsoclonus, head titubation, and 
truncal myoclonus. Brain magnetic resonance imaging (MRI) with 
contrast, cerebrospinal fluid (CSF) analysis, paraneoplastic antibody 
panel, and co-registered body positron emission tomography-com-
puted tomography (PET-CT) scan were unremarkable. Infectious 
and immune serologies were unremarkable. He was treated empiri-
cally with intravenous immunoglobulin (IVIG) and gradually 
recovered fully over 3 months. The working diagnosis was para-
infectious brainstem encephalitis, although no specific infectious 
agent was identified. The next, developed opsoclonus-myoclonus-
ataxia syndrome after a viral infection. PET-CT and paraneoplastic 
work-up was unremarkable, and she recovered completely after 
treatment with IVIG and steroids. A 59-year-old woman presented to 
the emergency department with acute-onset vertical oscillopsia and 
double vision. She denied other neurological symptoms, though her 
family reported mild confusion. Medical history included diabetes 
and hypertension. She denied tobacco use, but reported daily alcohol 
intake. On examination, she was oriented to person and place, but 
not to year. Eye movement examination revealed incomplete 
bilateral abduction and adduction and upbeat nystagmus. Gait was 
narrow-based and steady, but she had mild difficulty with tandem 
gait. MRI revealed increased T2 signal around the third ventricle in 
bilateral thalami. She was diagnosed with Wernicke’s encephalopa-
thy and treated with intravenous (IV) thiamine. Regarding saccade 
speed, a general ‘rule-of-thumb’ is that the examiner should not be 
able to see the eye move through the full trajectory of motion, but 
rather should see it start and then land on target. If the eye can follow 
the full trajectory of the saccade, then it is too slow. Downbeat 
nystagmus (DBN) is jerk nystagmus with slow upward drifts 
followed by downward corrective fast phases.  . . . . . . . . . . . . .   15
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Video 4.1  Acute Parkinsonism 
A young boy with relapsed acute lymphocytic leukemia received 
cytosine arabinoside and methotrexate through an Omaya reservoir 
as a treatment for leukemic infiltration of the brain. Two weeks after 
receiving his infusion, he developed profound immobility and 
inability to swallow, and was admitted to hospital with a provisional 
diagnosis of a stroke. His level of consciousness and command 
following were completely preserved. The initial video segment 
demonstrates inability to move any part of his body, except to follow 
the examiner with his eyes. Cogwheel rigidity is evident in the right 
arm. The next segment shows the improvement in his ability to open 
and close his left hand 1 hour after one tablet of Sinemet 25/100 was 
administered through his nasogastric tube. A diagnosis of severe 
chemotherapy-induced parkinsonism was made, and treatment with 
levodopa resulted in marked improvement in swallowing and 
mobility. Eight months later in follow-up, he has residual moderate 
parkinsonism, with a shuffling gait and en-bloc turn. An MRI of the 
brain revealed cystic necrosis of the substantia nigra. A fluoro-dopa 
PET scan confirmed bilateral reduction of uptake in the putamen, 
consistent with a pre-synaptic defect, and with his response to 
treatment with dopaminergic replacement.  . . . . . . . . . . . . . . . .   55

Video 5.1  Parkinsonism-Hyperpyrexia Syndrome in Parkinson’s Disease 
A young man with familial Lewy-body parkinsonism was main-
tained on a regimen of levodopa taken every 2 hours throughout the 
day. He developed a viral respiratory infection, and missed taking his 
medications for 36 hours. Soon thereafter he was admitted to the 
intensive care unit after developing fever, obtundation and an 
elevated creatine kinase of 2,000. Prominent rigidity and lower 
extremity movements (likely myoclonus) are seen. He was diag-
nosed with the parkinsonism-hyperpyrexia syndrome. Hourly 
levodopa was administered via the nasogastric tube along with his 
other Parkinson medications. He began to improve and his CK fell, 
however enteral feedings interfered with the absorption of the 
levodopa and he temporarily worsened. Shifting the feeding to the 
night, with levodopa administered during the day, solved this 
problem. Several months later he returned for follow-up, with mild 
residual parkinsonism and reduced arm swing.  . . . . . . . . . . . . .   77

Video 8.1  Serotonin Syndrome 
This young man developed classic symptoms of serotonin syndrome, 
with lethargy, mild fever, and mild elevation of CK, soon after 
starting treatment with a serotonin specific reuptake inhibitor for 
depression. Prominent lower extremity myoclonus is evident. .   139

Video 10.1  Status Dystonicus 
Four children with dystonic storm are shown in this video segment. 
The first video shows a pediatric case of status dystonicus triggered 
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by DBS surgery in a 9-year-old boy with generalized hyperkinetic 
movements possibly caused by an ADCY-5 mutation. Three patients 
with DYT-1 dystonia and dystonic storm are shown next. The first 
young man developed acute marked worsening of his dystonia, with 
severe generalized spasms involving all four limbs that required 
hospitalization in the intensive care unit. Despite numerous oral and 
intravenous medications, his dystonic spasms could not be con-
trolled, and he eventually underwent placement of a baclofen pump 
(a standard procedure in the late 1990s, but not one that is used 
today for this entity). The second patient developed paroxysms of 
unremitting dystonic movements lasting hours, associated with 
marked sweating, fever and elevation of CK to 5,000. He was 
subsequently treated with deep brain stimulation of the globus 
pallidus interna. The third patient is afflicted with severe generalized 
dystonia, which temporarily worsened after a DBS stimulator 
became infected. A spectacular improvement in his dystonia was 
achieved months after bilateral DBS of the GPi.  . . . . . . . . . . . .  183

Video 11.1  Posthypoxic Myoclonus and Its Management 
Seven patients with Lance-Adams syndrome (LAS, chronic posthy-
poxic myoclonus) are seen in this video segment. The first young 
woman survived an asthmatic arrest and is shown after discharge 
from the intensive care unit on her initial hospitalization. Myoclonic 
jerks of both outstretched hands are seen, with action myoclonus 
affecting attempt to write. The next patient developed LAS after 
surviving a respiratory arrest following a complication of thyroid 
surgery. Severe action and intention myoclonus are seen when she 
attempts to point to a letter board. The follow young man developed 
LAS after a respiratory arrest. Despite treatment with multiple 
anti-myoclonic medications, he experienced episodes of exhausting 
continuous myoclonic jerking (myoclonic status) that would last up 
to an hour. Myoclonus was alcohol-responsive, and his family would 
administer wine to help terminate an episode. In between episodes, 
severe action myoclonus on finger to nose and manipulating a cup is 
present. Axial negative postural lapses triggered by standing pre-
vented him from walking. The next patient developed LAS 25 years 
prior to this visit after an asthmatic respiratory arrest. Pendular 
rotatory nystagmus with oscillopsia accompanied his myoclonus. 
Myoclonus is present in both hands held forward, a bit worse with 
action, and accompanied by mild past-pointing on the left. Axial 
negative myoclonic jerks interfere with his walking, while providing 
sensory input with a guiding hand helps eliminate axial myoclonus. 
Touching a guard rail provides a similar proprioceptive input. The 
next patient, a 27-year-old man, developed severe LAS after surviv-
ing an arrest provoked by a pulmonary embolism. Severe action 
myoclonus on holding a cup or spoon prevented him from perform-
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ing basic activities of daily living. Profound negative axial myo-
clonic jerks prevented him from standing even with two-person 
assist. The next patient, a young woman who developed LAS after 
an unrecognized esophageal intubation during a gynecologic surgery, 
was incapacitated by medication-refractory myoclonus. She is shown 
before and 20 minutes after ingestion of two glasses of wine, with 
profound improvement in myoclonus and functional performance. 
The final patient developed LAS after surviving a cardiopulmonary 
arrest from spontaneous bilateral pneumothorax. Vocal myoclonus 
prevented him from communicating, and myoclonus at rest and with 
action left him completely functionally disabled. He is shown in 
hospital before and 1 hour after ingestion of two grams of sodium 
oxybate, with profound improvement in myoclonus. . . . . . . . . .  201

Video 12.1  Tic Emergencies 
Six patients with severe tic disorders are presented. An adult woman 
with a 20-year history of tics had been under recent stress, and her 
tics became severe enough for her to seek additional care. Whereas 
her usual tics involved eye and neck movements, over 3 months their 
severity increased to included flailing arm jerks and truncal move-
ments that caused her to stumble and, in some instances, fall to the 
ground. She became cautious about taking public transportation and 
standing on train platforms because of fears she would stumble and 
fall onto the train tracks. The second patient, an adult with a history 
of over 40 years of tics, was concerned about muscle wasting and 
numbness in one leg. He had an array of fluctuating tics that 
included loud vocalizations, bruxism, and nasal and facial move-
ments that waxed and waned. Over the last year, he developed leg 
tics that involved knee banging and unusual rotational movements of 
one leg. When he performed these leg tics, he had a tingling sensa-
tion in one leg that was uncomfortable but “strangely satisfying.” On 
examination, tics were observed, but also wasting of muscles 
supplied by the sciatic nerve. Electromyography confirmed a sciatic 
neuropathy at the level of the sciatic notch. The third patient had a 
10-year history of GTS, and presented with a complaint of worsen-
ing leg and truncal tics. He had been started on pimozide 3 weeks 
prior because of facial and neck tics. His family physician further 
increased the pimozide because of his complaint of new leg move-
ments and truncal rocking 1 week later. On examination by a 
neurologist, multifocal motor tics affecting eyes, face, neck and 
shoulder were present, as well as complex phonic tics. In addition, 
marked rhythmic leg movements and rocking motions were accom-
panied by a subjective sense of inner restlessness and an inability to 
sit still. When asked if the leg and truncal movements seemed 
different than his familiar tics, he affirmed that they were. Whereas 
he could suppress his eye, face and neck movements for several 
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minutes, he could not keep his legs or trunk still for even a few 
seconds. He was diagnosed with neuroleptic-induced akathisia. The 
fourth patient presented for evaluation of vocal tics (groaning tics) 
that were intrusive. Tetrabenazine was started with good control of 
these tics, and he was scheduled to return to school. However, 
anxiety surrounding his return to the classroom triggered a stress 
reaction, with involuntary movements that were flailing and distract-
ible. The next patient, a young boy, presented with screaming vocal 
tics which were so loud that they could be heard four houses away at 
home; he was treated successfully with risperidone. The final patient 
developed continuous, unremitting tics with coprolalia, resistant to 
all available medications, even monitored sedation in the ICU. After 
an extensive review and discussion, he underwent implantation of 
bilateral GPi deep brain stimulators, with excellent response. . .  221

Video 13.1  Coprolalia and Malignant Phonic Tics 
Five patients illustrate the significant challenge of malignant motor 
tics. The first patient, with “Gilles de la Tourette” syndrome (TS) 
exhibits loud vocalizations and screams that have markedly impaired 
his quality of life. His mother has only blinking tics. The second 
patient has severe TS and complex tics, one of which is manifested 
by a severe Valsalva maneuver and loud noise imitating “monsters.” 
The third patient, an adult with TS and severe obsessive-compulsive 
disorder (OCD), had to stop working because of the loud screaming 
vocalizations. The fourth patient is 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 loud outbursts 
of laughing, and shouting of phrases such as “shut up” and “help.” 
He also 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 university and transitioned to teaching 
classes on-line through internet-based learning. The last patient, a 
subject of the initial report of treatment of malignant coprolalia with 
botulinum toxin experienced initial onset of motor 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, fre-
quently blurting words like “bitch,” “mother fucker,” and “asshole.” 
He described an urge to have to make the movements 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 stigmatization and 
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isolation from his peers, poor academic performance, depression and 
anxiety. The phonic tics and coprolalia were initially well controlled 
with pimozide, approx. 6 mg/day, and fluphenazine, approx. 5 mg/
day. However, his symptoms became very severe and a trial of BoNT 
type A (OnabotulinumtoxinA) injection, 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 injected, 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 the BoNT injections markedly 
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 medications.  . . . . . . . . . .  233

Video 14.1  Hemiballism-Hemichorea 
Four patients with hemiballism, three with nonketoic hyperglycemic 
chorea, and three with chorea storm are seen in this video segment. 
The first patient developed hemiballism secondary to left hemi-
spheric cortical ischemia, demonstrated on MRI. The following 
patient developed left hemiballism from a right pontine hemorrhage. 
The next patient is shown in hospital after developing acute right 
hemiballism from a left midbrain hemorrhage. Ballistic movements 
were severe enough to cause bruising on his right arm and leg, 
requiring protective padding on his hospital bed. The next patient, a 
55-year-old man, developed acute right hemiballism from a left 
subthalamic nucleus infarct, shown on imaging. The next patient 
presented to the emergency room with new, acute generalized 
chorea, and was found to have a blood sugar of 400. Her MRI 
revealed characteristic lesions of nonketotic hyperglycemic chorea. 
She also was treated with tetrabenazine, with good response. The 
following woman was admitted with new right hemiballism due to 
nonketoic hyperglycemia. In-hospital treatment with 1 mg of 
haloperidol substantially improved her involuntary movements. The 
final patient with nonketotic hyperglycemia is shown in hospital, 
with left hemiballism. Characteristic lesions are seen on CT and 
T1-weighted MRI images. The next patient, a 2-year-old girl, 
developed an encephalopathy of unknown etiology associated with 
severe generalized chorea (chorea storm). Chorea did not improve 
with any standard treatment including high dose neuroleptics, and 
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was severe enough to require protective bedside padding to avoid 
self-injury. Treatment with tetrabenazine was well tolerated and 
effective. The next patient is shown in hospital during an episode of 
lupus cerebritis complicated by chorea storm. Three days after 
treatment with steroids and tetrabenazine, chorea was much 
improved. The final patient is shown in hospital after receiving a 
stem-cell transplant complicated by cerebral toxoplasmosis with 
chorea storm.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  241

Video 15.1  Sydenham’s Chorea, PANDAS and Other Post-Streptococcal  
Neurological Disorders 
Three young patients with classic Sydenham’s chorea are presented, 
followed by a patient with anticardiolipin-induced chorea. 
Asymmetric generalized chorea, motor impersistence (milkmaid’s 
grip) and imbalance are prominent in the first two patients. The 
following patient is shown in an office visit more than a year after 
developing a classic presentation of acute Sydenham’s. Residual 
chorea, motor impersistence and incoordination are consistent with a 
chronic form of the disorder. The final patient developed acute 
right-sided hemichorea and was found to have anti-cardiolipin 
antibodies. After treatment with IVIG and steroids, chorea 
resolved.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  255

Video 16.1  Anti-NMDA Receptor Encephalitis and Other Autoimmune and 
Paraneoplastic Movement Disorders. 
Four patients with severe NMDA-receptor mediated encephalitis are 
presented. The first, a young woman, developed behavioral change, 
seizures and deteriorated quickly. Due to the classic oral-buccolin-
gual movements, appearance of wakeful inattentiveness and hand 
sterotypies, a search was performed revealing an ovarian teratoma. 
After resection she was treated with immunomodulatory agents, and 
recovered after a prolonged hospital course. The next three patients 
display stereotypic movements that are classic for the disorder, 
including hand stereotypies in a pediatric patient . . . . . . . . . . . .  271

Video 19.1  Startle Disorders 
Two patients with hereditary hyperekplexia due to a glycine receptor 
mutation appear in this video segment. Lack of habituation to nose 
tap, exaggerated startle response and marked axial hypertonia are 
evident. The next video, taken in the neonatal intensive care unit, is 
an example of how not to examine these babies: one nose tap is 
sufficient, and the Morrow reflex is likely not needed. The final 
segment, courtesy of Peter Schofield, demonstrates a newborn 
Poll-Hereford calf with hereditary hyperekplexia, displaying the 
same features of lack of habituation to tap and marked sustained 
axial hypertonic contractions  . . . . . . . . . . . . . . . . . . . . . . . . . . .  335
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Video 20.1  Pseudodystonic Emergencies 
Six patients with pseudodystonia appear in this video segment. The 
first patient sustained a scrape to the back of her neck, followed ten 
days later by the development of sustained contractions of her face, 
jaw and neck. Localized tetanus was diagnosed, and treatment with 
intravenous benzodiazepines and tetanus immunoglobulin was 
instituted. The next patient, a patient of Dr. Naill Quinn, awoke with 
a fixed neck posture, with a turn of the head to the left and tilt to the 
right. The posture did not change with activities such as speaking or 
writing, was associated with marked limitation in range of motion of 
the neck, and persisted during sleep. CT scanning with fine cuts 
through C1 and C2 revealed an atlanto-axial rotatory subluxation as 
the cause, and surgical correction was performed. The next patient, 
and 81-year-old woman, developed a fixed neck posture 18 months 
prior to this visit over a period of 3 weeks. She was unable to move 
her neck, and a classic “cock-robin” head tilt suggested the possibil-
ity of atlanto-axial rotatory subluxation, which was confirmed by 
MRI. Because of the chronic nature of her condition and her age, 
surgical intervention was deemed too risky. The next patient, born 
with Klippel-Feil syndrome, demonstrates reduced range of motion 
at the neck, and a short, sloped neck. The following young boy 
presented with neck pain and limitation in rotation and flexion of the 
neck mimicking acute torticollis. MRI imaging revealed arthritis of 
the first an second cervical vertebrae, which was treated with 
indomethacin. The following patient presented with unilateral left 
leg slowing and turning with walking, incorrectly diagnosed as 
dystonia. Brisk reflexes and subsequent testing confirmed the 
diagnosis of anti-GAD stiff limb syndrome, which was successfully 
treated with IVIG and diazepam.  . . . . . . . . . . . . . . . . . . . . . . . .  343

Video 22.1  Tardive and Neuroleptic-induced Emergencies 
Three patient videos are presented in this segment. In the first, a 
gentleman was transferred to the emergency room from an outside 
hospital where he had been electively admitted for an alcohol detox 
program. Unbeknownst to him, he had been started on haloperidol 5 
mg four times daily, and the emergency room transfer was precipi-
tated by an acute difficulty with his speech. On examination, 
dysarthria was accompanied by marked difficulty in opening his jaw, 
due to an acute dystonic reaction to haloperidol. Intravenous 
diphenhydramine (25 mg) was administered, and within 1 minute, 
jaw closing resolved. The next patient, a 92-year-old woman, 
presented with a 3-year history of periodic spells, occurring every 72 
hours, each lasting between 4 and 8 hours, characterized by forced 
staring, jaw opening, myoclonus, and elevation in respiratory and 
heart rate. She had been started on levodopa before these events 
began. She was felt to have oculogyric crises (with forward looking 
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eye fixation) in the setting of vascular parkinsonism. With discon-
tinuation of levodopa and institution of trihexyphenidyl, events 
resolved. The third patient presented a more classic example of 
oculogyric crisis. Afflicted with young-onset Parkinson’s disease, he 
was maintained on a regimen of levodopa and pergolide. When the 
dose of pergolide was reduced, he developed signs of classic 
oculogyria, with eyes fixed upward and to the right, dystonic turning 
of the neck with fencer posturing of the right arm and dystonic 
curling of the left arm and leg. The oculogyric crisis was terminated 
with intravenous diphenhydramine.  . . . . . . . . . . . . . . . . . . . . . .  389

Video 23.1  Abductor Paresis in Shy-Drager Disease 
Three video segments of inspiratory stridor in multiple system 
atrophy are followed by fiberoptic laryngoscopy of patients with 
MSA. A woman with known multisystem atrophy is shown at her 
hospital bedside. Inspiratory stridor is audible, and depression of her 
suprasternal area with inspirations is visible. Daytime inspiratory 
stridor is an emergency, prompting urgent referral and involvement 
of otolaryngology for acute evaluation of airway safety. The next 
patient developed episodes of inspiratory stridor during sleep 
(documented on a baby monitor) and events during the day captured 
on a terrifying home video. After urgent evaluation in the emergency 
room, she underwent tracheostomy, with resolution of these events. 
She is shown in follow-up in the office, with quite mild parkinson-
ism. The next gentleman developed similar episodes of inspiratory 
stridor, and is shown during one of them. His parkinsonian disability 
is also quite mild, and his episodes resolved with tracheostomy. The 
following video segments (courtesy of Isozaki) were created during 
fiberoptic laryngoscopy of patients with multiple system atrophy. 
Normal opening of the vocal fold is demonstrated for comparison. In 
stage I paresis, mild difficulty in abducting the cords occurs during 
wakefulness, with more prominent difficulty during sleep, associated 
with audible noise. In stage II paresis while awake, diplophonia is 
audible on sustention of AA sounds. While asleep, inspiratory stridor 
is audible and vocal cord abduction defects are considerable. The 
final stage, III, reveals profound defects, which are particularly 
impressive during sleep. Intervention before stage II paresis should 
be considered and discussed with the patient and their family.  .  397

Video 24.1  Dopa-responsive Dystonia and Related Disorders 
Two patients with dopa-responsive dystonia are seen in this video 
segment.The first patient is a young boy with classic symptoms and 
signs of dopa-responsive dystonia. Examined in hospital at night, he 
displays profound parkinsonism and dystonia, mimicking a child 
with cerebral palsy. Treatment with low-dose levodopa completely 
normalized his exam. The second patient, a 45-year-old woman, the 
proband in the four-generation dystonia family shown in the chapter, 
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has dystonic posturing of her 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 
on turning. After receiving a single 100 mg dose of levodopa with a 
DCI (benserazide/levodopa 25/100 mg), she has no dystonic 
posturing of the feet and demonstrates fast and stable walking, 
whereas her right arm remains slightly impaired. . . . . . . . . . . . .  421

Video 25.1  Wilson’s Disease 
Eight patients with Wilson’s disease are presented. The first patient 
illustrates Kayser-Fleisher rings, visible as a greenish brown 
discoloration of the periphery of the iris, thicker superiorly and 
inferiorly. The next patient demonstrates KF rings visible in his 
brown irises with side illumination. He presented with a 10-year 
history of an incorrect diagnosis of essential tremor, displaying a 
cerebellar outflow tremor of the arms. The next young woman 
displays parkinsonism, a mild risor sardonicus, and dystonic 
posturing of the hands. The following patient was admitted to the 
psychiatric ward with severe depression, and was found to have 
striatal lesions on MRI and hepatic failure necessitating a liver 
transplant. The following young man demonstrates a combination of 
dystonia and parkinsonism with a risor facial posture. The next 
young woman demonstrates dystonia, principally affecting her right 
foot when walking, with a dystonic tremor. The following young 
man demonstrates a more severe example of dystonia and parkinson-
ism. The final woman, seen in the emergency room, displays a 
full-blown picture of Wilson’s, with KF rings, scleral icterus, wide 
gaping jaw opening dystonia, and marked axial and appendicular 
dystonia.  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  455

Video 26.1  Wilson Disease Presenting as Opsoclonus-Myoclonus Syndrome 
A 31-year-old previously healthy man presented with an insidious 
3-month history of anxiety and agoraphobia, and recent upper limb 
action tremor and balance difficulties. On examination he was very 
apathetic and almost mute. Smooth pursuit and saccadic ocular 
movements were intact, but he had bouts of ocular flutter. Mini-
myoclonus in both hands and negative myoclonus in all four limbs 
interfered with smooth movements. He was slightly dysarthric, had 
mild dysmetria, intention tremor, dysdiadochokinesia, and difficul-
ties with tandem gait. Strength, reflexes and sensation were intact. 
Signs of chronic liver disease were seen in the abdominal CT and 
brain MRI showed poorly-delineated T2-hyperintensity in the 
brainstem, ascending to diencephalic structures. Serum ceruloplas-
min level was borderline (19.3 mg/dL; normal value >20 mg/dl) but 
no Kayser-Fleischer rings were found. His family history was 
remarkable for a sister who was admitted to a psychiatric unit with a 
history of delusions and later experienced dystonia, tremor and 
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seizures. Her MRI also showed nonspecific T2-hyperintensities in 
the brainstem and thalamus. Although an extensive workup was 
done, she died without a diagnosis. With this information, a genetic 
disease was suspected in our patient and additional investigations 
were obtained. Finally, an increase in the 24-hour urinary copper 
(1145 µg; normal value 10-30 μg) and genetic testing showing a 
homozygous mutation (c.3207C>A) in the ATP7B gene confirmed 
the diagnosis of Wilson’s disease. . . . . . . . . . . . . . . . . . . . . . . . .  473

Video 27.1  X-Linked Adrenoleukodystophy: Addisonian Crisis in a Patient 
with Spastic Paraparesis-Ataxia Syndrome 
A 28-year-old man with a 5-year history of progressive spastic 
paraparesis of unknown etiology, with comorbid sphincter and 
sexual dysfunction, was evaluated urgently because of a three-day 
history of marked exacerbation of spasticity in his lower limbs, 
followed by two syncopal episodes, emesis, vegetative symptoms 
and finally psychomotor agitation. At the ED he was noted to be 
agitated and confused. He had no fever, but his vital signs were 
remarkable for hypotension and tachycardia. Brain CT and CSF 
analysis were unremarkable. His clinical picture progressed with 
persistent hypotension, hypoglycemia, hyponatremia, hyperkalemia 
and a low cortisol level. Suprarenal insufficiency was confirmed, and 
he was started on steroid replacement, along with correction of 
hypoglycemia and electrolyte imbalance. While his mentation slowly 
improved, his spasticity with severe spasms persisted. Neurological 
and general evaluation during admission was remarkable for 
hyperpigmented skin and gums, fronto-temporal alopecia, cognitive 
slowness, spastic paraparesis-dystonic syndrome, and mild ataxia 
with hypermetric saccades, mild dysmetria, dysdiadochokinesia and 
dyssynergia, with generalized hyperreflexia and bilateral Babinski 
signs. His MRI showed signal changes in parieto-occipital deep 
white matter and splenium of the corpus callosum. Based on the 
clinical and radiological characteristics, along with elevated very 
long chain fatty acids (VLCFA) levels, X-linked adrenoleukodystro-
phy was confirmed. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  493

Video 28.1  Whipple’s Disease 
This classic video, graciously provided by John Selhorst, demon-
strates the pathognomonic features of Whipple’s disease: oculomas-
ticatory myorhythmia and pendular vergence nystagmus. . . . . .  513
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Practical Approach to the Patient with a 
Movement Disorder Emergency
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 Patient Vignette

A 12-year-old boy with known DYT1 generalized dystonia presented to the emer-
gency room with marked worsening of his dystonic symptoms over the last day. He 
initially presented with bilateral foot dystonia at the age of 5  years, which then 
spread upward becoming generalized within 1.5 years. He was managed with oral 
medications and an intrathecal baclofen pump, as his parents did not want to pursue 
deep brain stimulation. His dystonia had been under good control with trihexyphe-
nidyl 12 mg/day, clonazepam 2 mg/day, and intrathecal baclofen. In the emergency 
room, severe generalized dystonia involving both arms, legs, and trunk was obvi-
ous, with temperature of 39.2 °C, blood pressure 154/95 mmHg, pulse 100/minute, 
respiratory rate 26/minute, and oxygen saturation 91% on room air. He was agitated 
and diaphoretic, and quickly diagnosed with dystonic storm. On arrival in the emer-
gency room, his airway, breathing, and circulation were assessed, and he was given 
2 liters of oxygen by nasal cannula which improved his oxygen saturation to 98%. 
Intravenous access was secured, and the basic labs including complete blood count, 
serum electrolytes, blood urea nitrogen, creatinine, creatine kinase (CK), urinalysis, 
as well as blood and urine cultures were collected. Intravenous fluids were promptly 
initiated, and an intensive care unit (ICU) consult was immediately called. He was 
given intravenous antipyretics without improvement in his temperature, and subse-
quently required a cooling blanket. Intravenous benztropine and lorazepam were 
given with only slight improvement in dystonia. Due to marked agitation and dys-
tonia, continuous infusion of intravenous midazolam was started in the intensive 
care unit. The CK result returned at 853 units/liter. Urine myoglobin was negative. 
Aggressive IV fluid hydration was continued.
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Further work-up with X-ray shunt series demonstrated breakage and kinking of 
the baclofen pump catheter, consistent with abrupt discontinuation of baclofen 
delivery. Treatment options, including repairing the pump or emergency deep brain 
stimulation, were discussed with his parents, and the decision was made to pursue 
the first. The patient was brought to the operating room, and intrathecal baclofen 
delivery was resumed. Dystonia and autonomic instability gradually improved in 
the ICU, and he returned back to his baseline over the next couple of days.

 Discussion

This case demonstrates several important principles of management of movement 
disorder emergencies in the hospital and intensive care unit. Rapid decision- making, 
prompt and aggressive management, and identification of etiologies and/or precipi-
tating factors should occur in parallel. Crucial steps in the management of move-
ment disorder emergencies include activating intensive care unit expertise with 
close monitoring, management of temperature and autonomic instability, as well as 
symptomatic treatment when the precipitant of the emergency is identified.

 Introduction

Patients with movement disorder emergencies may be encountered in the emer-
gency room or intensive care unit, and are often critically ill. After initial evalua-
tion, transfer to an intensive care unit is often required. Understanding the 
principles of management of movement disorder emergencies will help clinicians 
make appropriate clinical decisions and minimize risks of morbidity and mortality 
[1]. This chapter presents a practical approach to the management of patients with 
severe movement disorder emergencies in the hospital and intensive care 
unit (ICU).

 Principles of the Management of the Patient in the Hospital 
and Intensive Care Unit

The management of the acutely ill movement disorder emergency patient requires a 
two-pronged approach. Stabilizing the patient is the first priority. While identifica-
tion of etiologies and/or precipitating factors begins, symptomatic therapies should 
not be delayed. In short, diagnostic and therapeutic processes should occur in paral-
lel, not sequentially.

 Acute management and identification of etiologies and/or pre-
cipitating factors should occur in parallel.

The framework for the management of movement disorder emergencies in the 
hospital and ICU is demonstrated in Fig. 1.1.
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Correct identification of the etiology of the movement disorder emergency begins 
with phenomenology. Movement disorder emergencies can be classified into two 
main categories, namely hypokinetic and hyperkinetic emergencies. Once the main 
phenomenology is identified, the next step is to identify the specific syndrome. For 
example, once parkinsonism along with rigidity is recognized, neuroleptic malig-
nant syndrome can be identified. After the movement disorder emergency is cor-
rectly diagnosed, the etiologies and/or precipitating factors can be sought and 
appropriate therapies employed. Early and aggressive treatment is key. Treatment 
can be divided into acute management (<24  hours), and subacute management 
(>24 hours). In the first 24 hours, the main goals are patient stabilization and iden-
tification of etiologies and/or precipitating factors. After the first 24 hours, the man-
agement aims to provide supportive therapies and prevent recurrence.

 Identification of Etiologies and/or Precipitating Factors

Three main questions should guide the clinician:

 1. What is the predominant phenomenology in this patient?

Movement disorder emergencies in the hospital and ICU

Phenomenology?
Acute

management
(first 24 hours)

Management after
24 hours

Movement disorder
syndrome?

Patient stabilization
and supportive care

Supportive care

Symptomatic Rx

Specific Rx

Etiology or
precipitating

factors?

Continuation of
symptomatic Rx +/-

specific Rx

Prevention of
recurrence

Therapeutic processDiagnostic process

Fig. 1.1 An algorithm for the management of movement disorder emergencies in the hospital or 
intensive care unit. The diagnostic and therapeutic processes should occur in parallel. In clinical 
practice, these steps are usually performed simultaneously
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 2. What syndrome of the movement disorder emergencies does the patient have?
 3. What is the etiology of this movement disorder emergency syndrome?

 1. Movement disorder phenomenologies can be classified into two main catego-
ries: hypokinetic and hyperkinetic phenomenologies (Table  1.1). 
Distinguishing movements that are too slow (aka. hypokinetic movements) 
from the ones that are too fast (aka. hyperkinetic movements) is usually not 
difficult. Examples of hypokinetic phenomenologies include parkinsonism, 
stiffness, and catatonia. Acute hyperkinetic emergencies include dystonia, 
chorea, myoclonus, tics, and stereotypies, among others. Sometimes, acute 
phenomenologies may be mixed, for example, chorea, stereotypy, and dysto-
nia may co-exist in a patient with anti-N-methyl-D-aspartate receptor 
(NMDAR) encephalitis [2]. Tremor is also considered a hyperkinetic phe-
nomenology, but is rarely present in isolation.

Table 1.1 Three main diagnostic steps in movement disorder emergencies include identification 
of (1) the phenomenology, (2) movement disorder emergency syndromes, and (3) etiology and/or 
precipitating factor

1. Phenomenology 2. Syndrome 3. Etiology/Precipitating factor
Hypokinetic
Parkinsonism Neuroleptic malignant 

syndrome
Neuroleptics or other dopamine 
receptor blocking agents

Parkinsonism-hyperpyrexia 
syndrome1

Abrupt discontinuation of levodopa

Acute parkinsonism CNS infection such as viral 
encephalitis, prion; drugs

Catatonia Malignant catatonia Underlying psychiatric disorders such 
as depression or schizophrenia

Stiffness Acute severe exacerbation of 
spasms and rigidity/status 
spasticus in SPSD

Natural history of the diseases; can be 
triggered by intercurrent illness such 
as infection

Hyperkinetic
Dystonia Dystonic storm Infection, abrupt discontinuation of 

anti-dystonic treatment such as 
baclofen or anticholinergics

Acute dystonic reaction Neuroleptics or other dopamine 
receptor blocking agents

Myoclonus + tremor 
(also with rigidity)

Serotonin syndrome2 Serotonergic agents (dose-dependent)

Chorea Choreic storm Underlying choreic disorders; can be 
triggered by intercurrent illness such 
as infection

Myoclonus Myoclonic status Underlying myoclonic disorders such 
as posthypoxic myoclonus, not 
responsive to medical treatment

Tic Tic status Exacerbation of an underlying tic 
disorder

CNS central nervous system, SPSD stiff-person spectrum disorders
aClinical features identical to neuroleptic malignant syndrome
bSome may classify serotonin syndrome as a hypokinetic emergency due to prominent rigidity
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 2. Once the movement disorder phenomenology is identified, the next step is to 
determine the movement disorder emergency syndrome. To identify the syn-
drome, clinicians must consider phenomenology, along with additional infor-
mation including time course, level of consciousness, fever, and autonomic 
features. The features of selected movement disorder emergency syndromes 
are outlined in Table 1.2.

Hypokinetic movement disorder syndromes include parkinsonism- 
hyperpyrexia syndrome, neuroleptic malignant syndrome, serotonin syn-
drome, acute parkinsonism due to other causes, malignant catatonia, and 
acute severe exacerbation of spasms and rigidity in stiff-person spectrum dis-
orders [3]. Examples of the syndromes related to hyperkinetic movement dis-
order emergencies include dystonic storm (aka. status dystonicus), choreic 
storm, myoclonic status, and tic status, among others. In addition, some syn-
dromes are encountered in patients with known underlying movement disor-
ders. Examples include severe stridor or respiratory compromise due to vocal 
abductor paresis in multiple system atrophy [4], psychosis in Parkinson’s dis-
ease, and cervical myelopathy in patients with severe cervical tics [5].

 3. After the correct syndrome is identified, precipitating factors should be 
sought (see Table  1.1), and specific treatments employed. For example, 

Table 1.2 Clinical features of selected movement disorder emergency syndromes in the hospital 
and intensive care unit including the main phenomenology, co-existing features, fever, other auto-
nomic features, and mental status

MD emergency 
syndrome Main phenomenology

Co-existing 
features Fever

Other 
autonomic 
features

Altered 
mental 
status

Neuroleptic 
malignant syndromea

Parkinsonism 
including rigidity

++ ++ ++

Serotonin syndrome Myoclonus, 
shivering-like 
movements

Rigidity, 
hyperreflexia

+ ++ ++

Malignant catatonia Catatonia + + ++
Acute severe 
exacerbation of 
spasms and rigidity/
status spasticus in 
SPSD

Stiffness, muscle 
spasms, and rigidity

+ ++ +/++

Acute dystonic 
reaction

Dystonia, typically 
retrocollis and lower 
cranial dystonia

Can co-occur 
with oculogyric 
crisis

+/− +/− −

Dystonic storm Dystonia + + −
Choreic storm Chorea +/− +/− −
Myoclonic status Myoclonus + + −
Tic status Tic − − −

“+” indicates presence of these features; “++” indicates higher association and/or severity; “−” 
indicates lack of these features
SPSD stiff-person spectrum disorder
aParkinsonism-hyperpyrexia syndrome is also included in this category
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once neuroleptic malignant syndrome is identified, dopamine receptor 
blocking agents should be immediately discontinued. Symptoms reminis-
cent of neuroleptic malignant syndrome in a patient with Parkinson’s dis-
ease are termed the parkinsonism-hyperpyrexia syndrome [6, 7]. Levodopa 
withdrawal is often a trigger, and specific treatment employs delivery of 
levodopa or other dopaminergic agents. In hyperkinetic storms such as dys-
tonic storm, precipitating factors include intercurrent illness or infection, or 
baclofen withdrawal due to malfunction of intrathecal baclofen pump (as in 
our patient) [8]. Once the precipitating factor is addressed, appropriate spe-
cific treatments (antibiotics and resuming baclofen delivery) can be pro-
vided. In contrast, if a patient develops acute dystonia in the cervical 
(retrocollis) or lower cranial regions, a different syndrome may be recog-
nized: an acute dystonic reaction, usually due to a D2 receptor blocker. 
Discontinuation of the offending agent and institution of parenteral diphen-
hydramine or biperiden may be life-saving.

 Treatment of movement disorder emergencies begins with phe-
nomenology: to establish whether it is a hyperkinetic or hypokinetic syndrome.

 Principles of Management

Table 1.3 demonstrates principles of management in the acute and subacute 
periods.

Table 1.3 Principles of management of movement disorder emergencies in the hospital and 
intensive care unit

1. Acute management in the first 24 hours
   Maintain ABC (Airway, Breathing and Circulation)
   Early ICU transfer: Be aggressive and proactive
   Secure IV access
   Aggressive IV fluid hydration
   Temperature reduction measures, e.g., acetaminophen or cooling blanket if >40 °C
   Treatment of autonomic instability such as hypertension, tachycardia
   Assess and consider needs for ventilatory support
   Close monitoring of vital signs and other parameters such as urine output
   Obtain necessary lab tests, e.g., CBC, electrolytes, BUN, Cr, CK, UA, ABG, infectious 

work-up, but these should not delay other steps
   Symptomatic therapies of movement disorders
    Selection is based on the phenomenology and movement disorder emergency syndromes 

(see Table 1.1)
    IV sedatives/anesthetics, if needed, e.g., benzodiazepines, propofol, barbiturates
   Specific therapies: Address and treat underlying etiology and precipitating factors
2. Management after 24 hours
   Continue supportive care and symptomatic therapies
   Prevent recurrence or relapses

ABG arterial blood gas, BUN blood urea nitrogen, CBC complete blood count, CK creatine kinase, 
Cr creatinine, ICU intensive care unit, IV intravenous, UA urinalysis
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 Acute Management (<24 Hours)

The primary goal in the first 24 hours is to reduce morbidity and mortality. Early, 
prompt and aggressive intervention is key. It is always better to err on the side of 
action and to transfer a patient to the ICU before they decompensate with respira-
tory embarrassment or cardiovascular collapse.

 Prompt, aggressive management in the acute phase is key.
Intravenous (IV) access should be secured, preferably with at least two lines for 

IV fluid and IV drug administration. Aggressive IV fluid hydration helps address 
hypotension and myoglobinuria, (e.g., neuroleptic malignant syndrome, dystonic 
storm) [9, 10]. IV fluid hydration also has an important role in hyperkinetic emer-
gencies such as dystonic or choreic storm where metabolic derangements can lead 
to massive fluid loss and “third spacing” of interstitial fluid. Fever, dehydration, and 
hypotension increase morbidity [11]. Temperature reduction includes pharmaco-
logical treatment such as intravenous antipyretics (acetaminophen or non-steroidal 
anti-inflammatory agents). Physical methods such as cooling blankets may also be 
used. If the temperature is very high (e.g., greater than 40 °C) or refractory to the 
initial temperature management, more aggressive measures such as intravascular 
cooling catheters should be considered [11, 12]. In this case, continuous core tem-
perature monitoring (e.g., by using an esophageal probe) is required during the 
maintenance of normothermia.

Autonomic instability such as hyperthermia, labile blood pressure, tachycar-
dia, and diaphoresis is common in neuroleptic malignant syndrome, serotonin 
syndrome, and dystonic storm. Blood pressure should be closely monitored, and 
interventions such as IV antihypertensive agents or vasopressors should be initi-
ated promptly. Patients with labile blood pressure may benefit from continuous 
blood pressure monitoring with an arterial line. Early detection of respiratory 
compromise by checking an arterial blood gas helps to identify respiratory failure 
before a crisis. Intubation in patients with severe rigidity or muscle spasms may 
require IV sedatives or neuromuscular blocking agents. Typically, blood samples 
are collected during the process of securing an IV access, including complete 
blood count, serum electrolytes, creatine kinase (CK), blood urea nitrogen, creati-
nine, urinalysis, among others. A septic work-up should always be performed, 
especially when there is fever. CK is often elevated in neuroleptic malignant syn-
drome, serotonin syndrome, or any other movement disorder emergencies that 
result in rhabdomyolysis. Urine myoglobin can be considered when there is rhab-
domyolysis or red-colored urine but absence of erythrocytes. Aggressive IV fluid 
hydration is required in these patients to prevent renal failure in the setting of 
myoglobinuria. Urine output, renal function, and serum CK should be monitored. 
Metabolic acidosis due to lactic acidosis and rhabdomyolysis can result in hyper-
kalemia which can potentially lead to cardiac arrhythmias and sudden car-
diac arrest.

The phenomenology of movement disorder emergencies helps guide symptom-
atic therapies (Table 1.4). For example, in dystonic emergencies such as dystonic 
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storm, intravenous anticholinergics and/or benzodiazepines should be employed 
[8]. Parenteral baclofen is available only for an intrathecal route, and intrathecal 
baclofen should not be injected intravenously. Severe muscle rigidity or spasms 
(such as in neuroleptic malignant syndrome or status spasticus in stiff-person spec-
trum disorders) or excessive movements in various hyperkinetic emergencies may 
result in rhabdomyolysis, increased energy consumption, and metabolic acidosis. In 
these circumstances, sedation with intravenous anesthetic agents such as benzodiaz-
epines or propofol should be considered. Medications should be administered par-
enterally by intravenous route, not orally or via a nasogastric tube. Rapidly acting 
medications are usually preferred, as gastrointestinal motility and absorption may 
not be reliable in critically ill patients [13]. Pharmacological therapies commonly 

Table 1.4 Symptomatic and specific therapies in some selected movement disorder emergency 
syndromes

Movement disorder 
emergency syndrome Symptomatic Rx Specific Rx
Neuroleptic malignant 
syndrome

Dopamine agonists, e.g., 
bromocriptine; Dantrolene

Discontinue neuroleptics; avoid 
restarting at least in the next 
2 weeks

Serotonin syndrome Cyproheptadine, propranolol Discontinue serotonergic 
agents

Malignant catatonia BZDs such as lorazepam Treat underlying psychiatric 
disorders; consider 
electroconvulsive therapy 
(ECT)

Acute severe 
exacerbation of spasms 
and rigidity/status 
spasticus in SPSD

BZDs, baclofen, anesthetic agents Treat precipitating factors such 
as infection

Acute dystonic reaction IV anticholinergics or 
antihistamines, BZDs may be an 
alternative

Discontinue neuroleptics

Dystonic storm BZDs, baclofen, anticholinergics, 
sedative/anesthetic agents; DBS can 
be considered in DYT1, DYT6, and 
tardive dystonia

Treat underlying precipitating 
factors; resume baclofen in 
case of baclofen withdraw

Choreic storm High-potency neuroleptics, 
tetrabenazine, sedative/anesthetic 
agents

Treat underlying etiologies of 
chorea such as blood sugar 
control in non-ketotic 
hyperglycemia

Myoclonic status Valproate, levetiracetam, BZDs; 
DBS can be considered in 
posthypoxic myoclonus

Treat underlying precipitating 
factors, if any

Tic status High potency neuroleptics, 
tetrabenazine, BZD, clonidine

Treat underlying precipitating 
factors, if any

BZD benzodiazepine, SPSD stiff-person spectrum disorders
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used in the hospital and ICU for movement disorder emergencies are demonstrated 
in Table 1.5.

Surgical intervention plays an important role in some movement disorder emer-
gencies. For example, deep brain stimulation (DBS) of bilateral globus pallidi (GPi) 
in patients with dystonic storm may be life-saving, especially in DYT1 dystonia [8, 
14]. The modern approach is to consider DBS in the first 24 hours after patients are 
stabilized, as DBS can rapidly terminate storm.

Identification of etiologies and/or precipitating factors impacts appropriate 
selection of specific therapies. For example, if anti-NMDAR encephalitis is identi-
fied in a patient with severe stereotypy, chorea, and altered mental status, prompt 
initiation of immunotherapies including intravenous methylprednisolone and/or 
intravenous immunoglobulin will often lead to a good outcome. In neuroleptic 

Table 1.5 Pharmacologic therapies commonly used for movement disorder emergencies in the 
hospital and intensive care unit

Medication Routea Dosage
Dosing 
interval Note

Bromocriptine PO/
NG

2.5–5 mg/dose q 8 h If not available, other 
DAs can be considered as 
an alternative

Dantrolene IV 1–2.5 mg/kg/dose q 6 h
Cyproheptadine PO/

NG
2–12 mg/dose q 2 h Start with 12 mg, 

followed by 2 mg q 2 h
Benztropine IV/IM 1–2 mg/dose Single dose
Diphenhydramine IV 25–50 mg/dose Single dose
Baclofen PO/

NG
15–120 mg/d TID Intrathecal form should 

not be injected 
intravenously

Lorazepamb IV/IM 1–4 mg/dose q 5 min to 
4–6 h

Dosing interval depends 
on indicationsc

Diazepamb IV/IM 5–10 mg/dose q 8 min to 
8 h

Dosing interval depends 
on indicationsc

Midazolamb IV Initiation 0.01–0.05 mg/
kg; maintenance 
0.02–0.1 mg/kg/h

Continuous 
infusion

Propofol IV Initiation 0.3 mg/kg/h; 
maintenance 0.3–3 mg/
kg/h

Continuous 
infusion

Pentobarbital IV Loading 1 mg/kg, then 
1–3 mg/kg/h (maximum 
5 mg/kg/h)

Continuous 
infusion

d day, DA dopamine agonists, h hour, IM intramuscular, IV intravenous, kg kilogram, mcg micro-
gram, mg milligram, min minute, NG via nasogastric tube, PO per oral, q every
aWhen there are multiple options for parenteral administration, an intravenous route is preferred in 
movement disorder emergencies
bThese medications are benzodiazepines
cLorazepam or diazepam can be given every 8–10 minutes in serotonin syndrome. In neuroleptic 
malignant syndrome, it can be given every 8 hours
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malignant syndrome or serotonin syndrome, removal of offending agents is a cru-
cial step in termination of these movement disorder emergencies. In neuroleptic 
malignant syndrome, neuroleptics should be avoided for at least 2  weeks, and 
when rechallenged, low dosage, gradual titration, and low-potency neuroleptics are 
preferred [15, 16]. In serotonin syndrome, the washout period of previously offend-
ing agents depends on the half-life of serotonergic medications. In dystonic storm, 
precipitating factors such as infection or abrupt discontinuation of anti-dystonic 
medications including baclofen or anticholinergics should be addressed promptly 
[8, 17, 18].

 Management After the First 24 Hours

Management after the first 24 hours aims to provide supportive care and symp-
tomatic treatment, as well as prevent recurrence. This process may take 2–4 weeks 
until the movement disorder emergency completely resolves. Some patients may 
require prolonged admission to the ICU due to difficult ventilator weaning or 
complicated infections such as pneumonia or urinary tract infections. Prevention 
of recurrence is also of importance. IV medications can be switched to an oral 
route during the maintenance phase. Early discontinuation of symptomatic thera-
pies without maintenance can lead to recurrence of movement disorder emergen-
cies. For example, in patients with acute dystonic reactions, after termination of 
the reaction with IV anticholinergics, oral anticholinergics should be continued 
for at least a week to prevent recurrence [19]. Continuation of specific therapies 
depends on the underlying etiology. For example, in cases of infection as a trigger, 
some patients may require a prolonged course of antibiotics. Rechallenging of 
medications such as antipsychotics or serotonergic medications requires special 
caution.

Table 1.6 demonstrates pearls and pitfalls in management of movement disorder 

emergencies in the hospital and ICU.

Table 1.6 Pearls and pitfalls in the management of movement disorder emergencies in the hospi-
tal and intensive care unit

Be aggressive, intervene early. Do not exercise a “wait-and-see” approach.
Consider early ICU admission.
General ICU care including vital sign monitoring, IV fluid hydration, temperature reduction 
measures is paramount.
Aggressive IV fluid hydration to prevent renal failure, especially when at risk for 
rhabdomyolysis and myoglobinuria.
Close monitoring is required.
An IV route of medication administration is preferred in the first 24 hours.
Maintain with oral symptomatic medication(s) after acute treatment with IV medications; early 
discontinuation of symptomatic therapies may lead to recurrence.
Be cautious about movement disorder emergency mimics such as pseudodystonic emergencies 
and sepsis (mimicking neuroleptic malignant syndrome or malignant hyperthermia).

ICU intensive care unit, IV intravenous
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 Conclusion

Management of most movement disorder emergencies begins with diagnosis at the 
bedside. Clinical acumen helps determine the nature of the problem (hypokinetic or 
hyperkinetic), allowing disease-specific interventions to begin while patients are 
stabilized.
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PCR Polymerase chain reaction
PERM Progressive encephalomyelitis with rigidity and myoclonus
PET-CT Positron emission tomography-computed tomography
PPRF Paramedian pontine reticular formation
PSP Progressive supranuclear palsy
RIMLF Rostral interstitial medial longitudinal fasciculus
UBN Upbeat nystagmus
VOR Vestibulo-ocular reflexes

 Patient Vignettes

 Patient 1

A 42-year-old man with no past medical history presented to the emergency depart-
ment with acute-onset dizziness, shakiness, and oscillopsia. Examination revealed 
opsoclonus, head titubation, and truncal myoclonus. Brain magnetic resonance imag-
ing (MRI) with contrast, cerebrospinal fluid (CSF) analysis, paraneoplastic antibody 
panel, and co-registered body positron emission tomography-computed tomography 
(PET-CT) scan were unremarkable. Infectious and immune serologies were unre-
markable. He was treated empirically with intravenous immunoglobulin (IVIG) and 
gradually recovered fully over 3 months. The working diagnosis was para-infectious 
brainstem encephalitis, although no specific infectious agent was identified.

 Patient 2

A 59-year-old woman presented to the emergency department with acute-onset verti-
cal oscillopsia and double vision. She denied other neurological symptoms, though 
her family reported mild confusion. Medical history included diabetes and hyperten-
sion. She denied tobacco use, but reported daily alcohol intake. On examination, she 
was oriented to person and place, but not to year. Eye movement examination revealed 
incomplete bilateral abduction and adduction and upbeat nystagmus. Gait was nar-
row-based and steady, but she had mild difficulty with tandem gait. MRI revealed 
increased T2 signal around the third ventricle in bilateral thalami. She was diagnosed 
with Wernicke’s encephalopathy and treated with intravenous (IV) thiamine.

 Introduction

Eye movement abnormalities that occur in emergent settings in movement disorders 
include acute/subacute onset supranuclear saccadic gaze palsies, ocular flutter and 
opsoclonus, various types of nystagmus, and oculogyric crisis. In this chapter, we 
review and discuss each of these eye movement disorders.
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 Acute/Subacute-Onset Supranuclear Saccadic Gaze Palsies

 Description

Failure of brainstem supranuclear saccadic burst neurons results in a brainstem- 
mediated supranuclear saccadic gaze palsy with slowing of saccades horizontally 
and/or vertically. The slowing of saccades may or may not be accompanied by range 
of motion limitation of eye movements.

 Mechanism

Supranuclear saccadic gaze palsies may occur with pathology involving the pons or 
midbrain. Saccadic excitatory burst neurons that control horizontal saccades are 
located in the pons in the paramedian pontine reticular formation (PPRF) just rostral 
to the sixth nerve nucleus [1]. The rostral interstitial medial longitudinal fasciculus 
(RIMLF) in the mesencephalic reticular formation in the midbrain houses saccadic 
excitatory burst neurons that control vertical and torsional saccades [2], though a 
few are also located in the interstitial nucleus of Cajal (INC) [3, 4].

 Clinical Evaluation

Detection of a saccadic gaze palsy on exam requires assessment of the static range 
of ocular motility and dynamic eye movements. Assessment of the following eye 
movement types should be performed both horizontally and vertically: saccades, 
smooth pursuit, vestibulo-ocular reflexes (VOR), and optokinetic nystagmus 
(OKN). Saccades are tested by having the patient make rapid jumps with their eyes 
between two stationary visual targets, while assessing timing of initiation, speed, 
accuracy, and trajectory. Regarding saccade speed, a general “rule-of-thumb” is that 
the examiner should not be able to see the eye move through the full trajectory of 
motion, but rather should see it start and then land on target. If the eye can follow 
the full trajectory of the saccade, then it is too slow. Smooth pursuit is evaluated by 
having the patient follow a slowly moving target, while observing for corrective 
saccades. VOR is tested by passive head movement, while the patient fixates on a 
visual target, noting the range of eye movements and the smoothness of the move-
ment. OKN is examined by moving a striped drum or tape in front of the patient, 
while observing for slow tracking movements of the eyes and corrective saccadic 
quick phases.

 Saccades should not be visible throughout their trajectory: “if you 
can see the entire saccadic movement, it is too slow.”

Supranuclear saccadic gaze palsies produce slowing of horizontal and/or verti-
cal saccades with or without limitation of range of motion. Pontine lesions involv-
ing the PPRF cause horizontal gaze palsy, and midbrain lesions involving the 
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RIMLF produce vertical gaze palsy. When range limitations occur, they are typi-
cally worse with saccades than with smooth pursuit testing. They can be over-
come by VOR, which establishes them as supranuclear. Saccadic gaze palsies 
cause loss of OKN quick phases with slow tonic deviation of the eyes in the direc-
tion of stimulus motion. Loss of OKN quick phases is often an early sign of a 
developing supranuclear gaze palsy. With instantaneous catastrophic lesions such 
as stroke, the above patterns may not be seen acutely and all eye movement types 
may be affected. Saccade slowing in isolation may also be evidence of a saccadic 
gaze palsy, even with full eye movement range. Isolated mild impairment of eye 
elevation is not sufficient to diagnose a saccadic gaze palsy, as this may be seen in 
healthy elderly individuals secondary to mechanical orbital changes [5]. Some 
patients with selective slowing of horizontal or vertical saccades will demonstrate 
a curved trajectory with saccade testing, such as “round-the- house” saccades seen 
in vertical saccadic gaze palsies [6].

 Etiologies

Chronic saccadic gaze palsies occur in neurodegenerative disorders (e.g., progressive 
supranuclear palsy [PSP]) and metabolic/inherited conditions (e.g., spinocerebellar 
ataxia), however we will focus on acute/subacute saccadic gaze palsies of vascular, 
neoplastic/paraneoplastic, infectious, and inflammatory origin [7] (Table 2.1).

Stroke is a common cause of acute saccadic gaze palsy. Acute-onset vertical sac-
cadic gaze palsy is usually due to midbrain infarction. “Top of the basilar” strokes 
can cause vertical saccadic gaze palsy in the distribution of the paramedian- 
penetrating arteries originating from the proximal posterior cerebral arteries (PCA) 
at the basilar bifurcation. The RIMLF in the midbrain is supplied by the posterior 
thalamo-subthalamic paramedian artery. In 20% of the population, an anatomic 
variant in the form of a single perforating artery (of Percheron) supplies both 
RIMLFs, making bilateral lesions possible from a single vessel infarct. 
Radiographically, the lesions may take on a “butterfly” shape in the coronal plane 
[8, 9]. Saccadic gaze palsies can also result from a unilateral midbrain infarct [10]. 
Midbrain strokes causing isolated supranuclear vertical gaze palsies usually result 
from vertebrobasilar atherosclerosis, although they may also be due to emboli from 
the proximal PCA to the basilar bifurcation [11]. Another vascular cause of vertical 
saccadic gaze palsy is thalamic hemorrhage with caudal extension to the midbrain 
or resultant hydrocephalus from intraventricular extension causing a dorsal mid-
brain syndrome [12]. Acute-onset horizontal saccadic gaze palsy usually occurs in 
pontine infarction involving the PPRF [13].

Neoplasms causing midbrain compression can present with a subacute saccadic 
gaze palsy. Specifically, tumors involving the pineal gland, including pineal germi-
noma or teratoma, pineocytoma, pineoblastoma, glioma, or metastases, can lead to 
the dorsal midbrain syndrome with upgaze palsy, eyelid retraction, pupillary light- 
near dissociation, and convergence-retraction nystagmus. Pineal lesions can rarely 
mimic PSP in older patients [14].
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A well-recognized infectious cause of saccadic gaze palsy is Whipple’s disease, 
a chronic infection caused by the gram-positive bacillus Tropheryma whipplei. The 
pathogen has a predilection for the periaqueductal gray matter, hypothalamus, hip-
pocampus, basal ganglia, cerebellum, and cerebral cortex [15]. In approximately 
one-third of patients with central nervous system (CNS) involvement, supranuclear 
vertical saccadic gaze palsy (either upgaze or downgaze) may occur [16]. When 
dementia and gait disturbance occur with vertical supranuclear gaze palsy, Whipple’s 
disease may mimic PSP.  In some patients, the vertical saccadic gaze palsy may 
progress to complete ophthalmoplegia [17]. While not consistently present, oculo-
masticatory myorhythmia is considered pathognomonic and comprises pendular 
convergent-divergent nystagmus with concurrent masticatory muscle contractions 
[15]. Other neurologic findings may include cerebellar ataxia, tremor, postural 
instability, dystonia, myoclonus, cognitive deficits, psychiatric symptoms, delirium, 
seizures, and signs of hypothalamic involvement (e.g., syndrome of inappropriate 
antidiuretic hormone secretion, insomnia, hypersomnia, and hyperphagia) [16]. 
Systemic features of Whipple’s disease, which may be absent in CNS Whipple’s 
disease, include gastrointestinal symptoms (e.g., malabsorption, abdominal pain, 

Table 2.1 Supranuclear saccadic gaze palsiesa

Saccadic gaze palsy 
subtype Emergent etiologies Subacute/chronic etiologies
Vertical Vascular

   Midbrain infarction
Neoplastic
   Dorsal midbrain syndrome due 

to compressive lesion or 
hydrocephalus

Neurodegenerative disorders:
   PSP
   CBD (rarely)
   HD
   LBD (rarely)
Metabolic and genetic:
   Niemann-Pick type C
Paraneoplastic/autoimmune
  Anti Ma1 and Ma2/GAD/glycine 

receptor/IgLON5
Demyelinating
Infectious:
   Whipple’s disease
   Chronic dengue encephalitis
   Prion (CJD)

Horizontal Vascular
   Pontine infarction
Neoplastic
   Pontine glioma

Neurodegenerative disorders:
   PSP (late)
Metabolic and genetic:
   Gaucher
   Spinocerebellar ataxia type 2
Paraneoplastic/autoimmune
   Anti Ma1 and Ma2/GAD/glycine 

receptor/IgLON5
Demyelinating

PSP progressive supranuclear palsy, CBD corticobasal degeneration, HD Huntington’s disease, 
LBD Lewy body dementia, CJD Creutzfeldt-Jakob disease
aCommon and representative causes, not comprehensive
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diarrhea), weight loss, fever, and polyarthralgia [16]. While MRI and CSF analysis 
may be normal, they can also reveal midbrain, hypothalamic, and temporal lobe 
hyperintensities and CSF pleocytosis with elevated protein [18]. Diagnosis is made 
by small bowel biopsy and polymerase chain reaction (PCR) testing [19]. While 
staining for periodic acid-Schiff (PAS)-positivity in macrophages can also be used, 
it is not as sensitive or specific [11]. Treatment of Whipple’s disease requires long- 
term antibiotics such as trimethoprim-sulfamethoxazole or ceftriaxone [20]. Prion 
disease, such as Creutzfeldt–Jakob disease (CJD), can also mimic PSP with early 
falls and vertical saccadic gaze palsy, although the disease course is typically more 
rapid [21, 22]. MRI clues include basal ganglia T2-hyperintensities and cortical rib-
boning on diffusion-weighted imaging.

Paraneoplastic, autoimmune, and inflammatory processes can also present with 
saccadic gaze palsy. Both supranuclear and nuclear ophthalmoparesis can be a man-
ifestation of paraneoplastic/autoimmune brainstem encephalitis. Various antibodies 
have been associated, such as anti-Ma [23], anti-glutamic acid decarboxylase 
(GAD) [24–26], anti-GlyR [27], and anti-IgLON5 [28] antibodies. Anti-Ma anti-
bodies are commonly found in testicular cancer and cause limbic encephalitis and/
or brainstem dysfunction with various ocular motor deficits including saccadic gaze 
palsy, opsoclonus, ocular flutter, oculogyric crisis, nystagmus (horizontal, horizon-
tal-torsional, and downbeat), and skew deviation [23]. GAD antibodies are associ-
ated with many eye movement abnormalities including nystagmus (downbeat and 
periodic alternating nystagmus), ocular flutter and opsoclonus, and ophthalmople-
gia with or without stiff person syndrome or cerebellar dysfunction [24–26]. Anti-
GlyR antibodies are associated with progressive encephalomyelitis with rigidity 
and myoclonus (PERM), characterized by brainstem, spinal cord, and autonomic 
involvement, and may also involve saccadic gaze palsy [27]. Anti-IgLON5 antibod-
ies are associated with cell surface antibody-associated neurodegeneration [28] and 
may present with vertical or horizontal saccadic gaze palsy. Parkinsonism tends to 
be absent with Ig-LON5 antibodies [29]. Immunosuppression is the treatment of 
choice for paraneoplastic, autoimmune, and inflammatory causes of saccadic gaze 
palsies, as well as treatment of any underlying tumor.

 Supranuclear saccadic gaze palsies present with slowing of sac-
cades with or without range of motion limitation. It is important to rule out acute/
subacute causes including vascular, neoplastic/paraneoplastic, infectious, and 
inflammatory etiologies.

 Ocular Flutter and Opsoclonus

 Description

Ocular flutter and opsoclonus, also called “saccadomania,” are erratic bursts of 
rapid high frequency saccades that have no intersaccadic interval and that oscillate 
about the visual midline. Specifically, ocular flutter comprises saccades that occur 
only in the horizontal plane (not vertical or torsional). In contrast, opsoclonus has 
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conjugate multidirectional saccades occurring in all trajectories (horizontal, verti-
cal, and torsional). These eye movement abnormalities may be associated with eye 
blinking, facial twitching, myoclonus, and ataxia (“dancing eyes and feet”) [30]. As 
with all saccadic intrusions, opsoclonus and ocular flutter are often not continuous, 
but occur sporadically and are typically provoked by gaze shifting.

 Mechanism

Ocular flutter and opsoclonus may occur with pathology involving the pons (where 
saccadic burst neurons that control horizontal saccades are located) or the cerebel-
lum (from malfunctioning of the vermis Purkinje cells leading to disinhibition of the 
cerebellar fastigial nucleus) [31, 32]. There is evidence for increased γ-aminobutyric 
acid A (GABA-A) receptor sensitivity in a circuit involving the cerebellum, inferior 
olives, and brainstem saccadic premotor burst neurons [33]. Further, the saccadic 
burst neurons are inherently prone to oscillating due to synaptic feedback loops and 
their post-inhibitory rebound properties [34].

 Clinical Evaluation

Patients with ocular flutter or opsoclonus will typically present with oscillopsia, a 
subjective sense of motion in visual space. While flutter and opsoclonus are usually 
large enough to be seen on clinical examination, they can also be small in amplitude 
requiring ophthalmoscopy or quantified eye movement recordings to capture. As 
such, any patient with new-onset oscillopsia that is unexplained on examination 
should be assessed for small oscillations with further testing.

 Etiologies

Ocular flutter and opsoclonus are most commonly seen in two clinical settings: 
parainfectious brainstem encephalitis or paraneoplastic/autoimmune disease 
(Table 2.2). Various antibodies have been associated including Hu (ANNA1) [35], 
Ri (ANNA2) [36], Yo (anti-Purkinje cell) [37], Ma, amphiphysin, P/Q-type calcium 
channel [38], N-methyl-D-aspartate (NMDA) receptor [39, 40], GABA-B [41], gly-
cine [42], glutamate receptors [43], GAD [26], and GQ1b [44]. Tumors associated 
with these eye movement abnormalities include small-cell lung (e.g., anti-Hu anti-
bodies), breast (e.g., anti-Ri antibodies), and gynecologic malignancies. Older age 
and encephalopathy are more commonly seen in paraneoplastic compared to para- 
infectious opsoclonus [42]. Para-infectious brainstem encephalitis is often accom-
panied by truncal myoclonus, ataxia, and emotional lability. Infectious pathogens 
include enterovirus [45], West Nile virus [46], Lyme disease [47], mumps [48], HIV 
[49], malaria [50], dengue [51], Zika virus [52], and SARS-CoV-2 [personal com-
munication]. Ocular flutter and opsoclonus have also been reported secondary to 
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traumatic brain injury, including in concussion [53–55]. Finally, opsoclonus and 
flutter may also be drug induced (e.g., amitriptyline, lithium, phenytoin, cocaine, 
and organophosphates) [56–58]. Regarding disease course, para-infectious opsoclo-
nus typically slowly improves, while paraneoplastic opsoclonus often depends on 
treatment of the underlying tumor [42]. Both para-infectious and paraneoplastic 
opsoclonus have been anecdotally reported to improve with clonazepam, topira-
mate, gabapentin, corticosteroids, and other immunosuppressive agents such as 
IVIG or plasmapheresis [59].

 Ocular flutter and opsoclonus are erratic bursts of high frequency 
and velocity back-to-back saccades that oscillate about the midline with no intersac-
cadic interval. Ocular flutter and opsoclonus are typically due to either infectious/
para-infectious brainstem encephalitis or paraneoplastic/autoimmune disease.

In children with opsoclonus (and ocular flutter), more than 50% have an underly-
ing neuroblastoma requiring a careful search [56, 60, 61]. The eye movement abnor-
mality may present prior to identification of the underlying tumor. Compared to 
those without opsoclonus, children with both neuroblastoma and opsoclonus tend to 
have a more favorable prognosis, which may be due to immune surveillance, earlier 
tumor detection, and/or favorable tumor biology. Opsoclonus-myoclonus may 
respond to tumor removal and adrenocorticotropic hormone (ACTH) or corticoste-
roids, sometimes in combination with immunomodulatory therapy (e.g., IVIG, plas-
mapheresis, azathioprine, or rituximab) [62]. The response to these therapies 

Table 2.2 Characteristics and potential etiologies of ocular flutter and opsoclonusa

Characteristic eye movement Etiologies
Ocular 
flutter

Back-to-back, conjugate, horizontal saccades 
with no intersaccadic interval

Idiopathic
Para-infectious
   HIV
   Enterovirus
   Mumps
   Zika virus
   Cytomegalovirus
 SARS-CoV-2
Paraneoplastic
   Neuroblastoma (children)
   Small cell lung cancer
   Breast and ovarian cancer
Toxic/metabolic states
   Cocaine, PCP
   Phenytoin, lithium, 

amitriptyline, venlafaxine
   Inborn errors of metabolism
   Celiac disease
Demyelinating syndromes
   Multiple sclerosis
   NMOSD
   MOG IgG

Opsoclonus Back-to-back, conjugate, horizontal, vertical 
and torsional saccades with no intersaccadic 
interval

NMOSD neuromyelitis optica spectrum disorder, MOG IgG myelin oligodendrocyte glycoprotein 
immunoglobulin, PCP Phencyclidine
aCommon and representative causes, not comprehensive
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suggests an underlying autoimmune mechanism of opsoclonus associated with neu-
roblastoma. Relapses and corticosteroid dependence are common in opsoclonus 
associated with neuroblastoma. Many children have permanent neurologic abnor-
malities including ataxia and cognitive issues, the latter of which may be related to 
a cerebellar cognitive affective syndrome [63]. Cerebellar atrophy of the vermis, 
cerebellar hemispheres, and flocculonodular lobes may be seen, with the degree of 
atrophy correlating with neurologic outcome [64]. Other forms of opsoclonus can 
also occur in children, such as opsoclonus associated with severe visual distur-
bances, para-infectious cerebellitis, and encephalitis [56]. Similar to paraneoplastic 
opsoclonus myoclonus, the para-infectious type may require ACTH or corticoste-
roids; however, the prognosis is usually better [11]. Any child with opsoclonus 
requires a brain MRI and CSF examination, in addition to a neuroblastoma screen.

Given that some individuals are capable of generating these large-amplitude eye 
movements [65], it can be difficult to differentiate pathologic ocular flutter and ops-
oclonus from voluntary eye movements. A mimic of ocular flutter is called volun-
tary nystagmus, though it is flutter-like and not a true nystagmus. This eye movement 
can be performed voluntarily by some individuals, usually with convergence of the 
eyes and other features of the near vision response (e.g., pupillary constriction). 
Voluntary nystagmus cannot usually be sustained for an extended period of time.

 Nystagmus

Nystagmus is a rhythmic biphasic oscillation of the eyes, initiated by a slow drift of 
the eyes. In jerk nystagmus, the slow drifts are followed by fast phases in the oppo-
site direction, for which the jerk nystagmus is named (i.e., nystagmus with slow 
drifts downward followed by fast phases upward is called upbeat nystagmus). When 
the slow drifts in one direction are followed by slow drifts in the opposite direction, 
the nystagmus is pendular. Nystagmus may be physiological in response to environ-
mental stimuli (e.g., OKN), congenital, or acquired (Table 2.3) and exists in many 
forms with highly variable etiologies and treatments. Comprehensive coverage of 
nystagmus is beyond the scope of this chapter and can be found elsewhere [66, 67]. 
Here, a few acute to subacute causes of nystagmus are highlighted.

 Downbeat Nystagmus

 Description
Downbeat nystagmus (DBN) is jerk nystagmus with slow upward drifts followed by 
downward corrective fast phases. It typically increases in amplitude and frequency 
in downward-lateral gaze. On examination, DBN may be accompanied by impaired 
downward smooth pursuit and other eye movement abnormalities reflecting cere-
bellar disease, such as an alternating skew deviation on lateral gaze (i.e., right 
hypertropia in right gaze and left hypertropia in left gaze) [68]. Patients may or may 
not experience vertical oscillopsia with DBN.
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 Etiologies
DBN is most commonly due to cerebellar dysfunction, with lesions involving the 
cervicomedullary junction or vestibulocerebellum (flocculus, paraflocculus, nodu-
lus, and uvula). It has also occasionally been reported with brainstem lesions involv-
ing the paramedian medullary or pontomedullary region, which may relate to 
damage involving paramedian tract cell groups, or damage to the pontine portion of 
the medial longitudinal fasciculus [69–71].

Acute or subacute onset DBN can occur from cerebellar ischemia or paraneo-
plastic cerebellar degeneration (e.g., Yo or Hu antibodies with underlying malig-
nancy or GAD antibodies associated with stiff person syndrome and cerebellar 
syndrome) [72]. It may also be seen in toxic-metabolic conditions (e.g., 

Table 2.3 Acute and subacute/chronic etiologies of nystagmus subtypesa

Nystagmus Type Acute etiologies Subacute/chronic etiologies
Downbeat Cervicomedullary junction 

lesions:
   Tumor
   Stroke
Wernicke encephalopathy

Cervicomedullary junction lesions:
   Chiari malformation
   Demyelination
    Syringomyelia
Paraneoplastic disorders:
   Anti-GAD/Hu/Yo/Ma1/Ma2/VGCC
Degenerative disorders:
   Olivopontocerebellar atrophy
   Friedreich’s ataxia
   Spinocerebellar ataxia
Toxic and metabolic:
   Lithium, amiodarone, anti-convulsants
   B12, magnesium deficiency

Upbeat Wernicke encephalopathy
Medullary or midbrain 
lesions:
   Stroke

Paraneoplastic disorders:
   Anti-Hu
Medullary or midbrain lesions:
   Demyelination

Gaze evoked Wernicke encephalopathy Drug toxicities:
   Anti-convulsants
   Alcohol
   Sedatives
Chiari I malformation

Acquired pendular Oculopalatal myoclonus:
   Few months following brainstem stroke; 

cavernous malformation
Convergence-divergence pattern:
   Whipple disease
Demyelination
Pelizaeus-Merzbacher disease
Toluene abuse (glue sniffing)

Convergence- 
retraction

Dorsal midbrain syndrome
   Stroke
   Tumor
 Hydrocephalus

Dorsal midbrain syndrome
   Demyelination

GAD glutamic acid decarboxylase, VGCC voltage gated calcium channel
aCommon and representative causes, not comprehensive
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hypomagnesemia [73], thiamine deficiency following the acute phase [74] or B12 
deficiency [75]) and drug-induced states (e.g., carbamazepine [76], lithium [77], 
alcohol [78], opioids [79]). More chronic etiologies include craniocervical abnor-
malities (e.g., Chiari I malformations [80]), degenerative diseases (e.g., spinocere-
bellar degenerations [80]), neoplasms (e.g., foramen magnum mass lesions [80]), 
infectious diseases (e.g., West Nile virus encephalomyelitis [81]), and congenital 
disorders [82]. Despite standard MRI of the cervicomedullary junction, no cause is 
found in 30–40% of acquired DBN [83].

 Vertical nystagmus suggests a central etiology, requiring a thor-
ough workup. Downbeat nystagmus may occur acutely/subacutely from ischemic 
and paraneoplastic cerebellar disorders. Upbeat nystagmus occurs in Wernicke’s 
encephalopathy and brainstem stroke.

 Mechanism
The mechanism of DBN is most often considered to be due to up-down asymme-
tries in the brainstem–cerebellar network that normally stabilizes vertical gaze [84]. 
Three main hypotheses exist regarding the mechanism of DBN: (1) a tone imbal-
ance in the central connections of the semicircular canals or otolithic system that 
control eye movements [85], (2) asymmetric vertical smooth pursuit [68], and (3) 
abnormalities in the brainstem-cerebellar connections that control vertical gaze 
holding (i.e., neural integrator) [86]. For instance, efferent cerebellar Purkinje cells 
of the flocculus inhibit upward eye movements via vestibular nuclei connections 
[87], and thus reduced inhibition from a cerebellar lesion results in slow upward 
drifts and corrective downward fast phases.

 Treatment
Treatment options for downbeat nystagmus are based on identifying and treating the 
underlying etiology, if possible. However, certain medications may reduce down-
beat nystagmus such as potassium channel blockers including 3,4-diaminopyridine 
and 4-aminopyridine (4-AP), the latter of which is preferred as it more readily 
crosses the blood-brain barrier [88–92]. These medications increase the excitability 
of cerebellar Purkinje cells and therefore may restore normal inhibitory influence of 
the cerebellum upon the anterior semicircular canal pathways [90]. Other medica-
tions that can be tried include clonazepam, chlorzoxazone, baclofen, or gabapentin 
[93–95]. Some patients may also respond to prism therapy to induce convergence or 
deflect the perceived image upward [96].

 Upbeat Nystagmus

 Description
Upbeat nystagmus (UBN) is jerk nystagmus with slow downward phases followed 
by upward corrective fast phases. Nystagmus amplitude and frequency often 
increase with upward gaze. It is typically associated with impaired upward smooth 
pursuit.
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 Etiologies
UBN typically arises from lesions in the medulla and, less often, the midbrain. It is 
commonly seen in Wernicke’s encephalopathy from thiamine deficiency, in which it 
is associated with horizontal gaze deficits and sometimes with accompanying gaze- 
evoked nystagmus [66]. Recent evidence suggests that UBN in Wernicke’s encepha-
lopathy may convert to DBN during convergence in the acute phase of the condition, 
and eventually may convert to persistent DBN in the chronic phase [74]. Other 
causes of UBN include demyelinating disease, brainstem stroke (typically medul-
lary), cerebellar degeneration, and tumors.

 Mechanism
The mechanism of UBN may be disruption of structures mediating upward eye 
movements such as the superior cerebellar peduncle (brachium conjunctivum) that 
contains connections from the vestibular to ocular motor nuclei via anterior semicir-
cular canal pathways [97]. It may also result from asymmetry in which posterior 
semicircular canal pathways are hyperactive causing a downward bias and upbeat 
nystagmus [98]. Medullary lesions causing UBN typically involve the caudal med-
ullary perihypoglossal nuclei [99, 100].

 Treatment
UBN usually resolves within weeks, but since it can be quite symptomatic, treat-
ment options are similar to those used for DBN and include 4-AP, baclofen, or 
clonazepam [101, 102].

 Oculogyric Crisis

 Description

Oculogyric crisis is an acute dystonic reaction of extraocular muscles with a conju-
gate, typically upward, deviation of the eyes lasting seconds to hours [103]. 
Oculogyric crises are often associated with other dystonic or dyskinetic movements, 
such as tongue protrusion, lip smacking, blepharospasm, choreoathetosis, antero-
collis, and retrocollis [104].

 Etiologies

Initially described in postencephalitic parkinsonism, oculogyric crises today are 
seen in acute or tardive extrapyramidal reactions to neuroleptics [105] (Table 2.4). 
First-generation neuroleptics are frequently implicated, but oculogyric crises can 
also occur with newer neuroleptics (quetiapine [106], olanzapine [107], ziprasidone 
[108], and aripiprazole [109]). Other medications can also induce oculogyric crises, 
such as carbamazepine [110], lamotrigine [111], lithium [112], metoclopramide 
[113], cefixime [114], gabapentin [115], tetrabenazine [116], and cetirizine [117]. 
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Oculogyric crises have also been associated with numerous other neurologic disor-
ders, such as various movement disorders (Parkinson’s disease [118], familial 
Parkinson-dementia syndrome [119], dopa-responsive dystonia [120], parkinson-
ism with basal ganglia calcifications or Fahr’s disease [121]), infectious diseases 
(neurosyphilis, acute herpetic brainstem encephalitis [122]), inflammatory disor-
ders (multiple sclerosis, paraneoplastic disease [123]), vascular disease (striatocap-
sular infarction [124]), metabolic/genetic conditions (ataxia-telangiectasia [125], 
Rett’s syndrome [126], Wilson’s disease [127]), and other neurologic disorders (cer-
ebellar disease, trauma [128], cystic glioma of the third ventricle [129], midbrain 
lesions [130]). In a patient with oculogyric crisis, seizures should be ruled out with 
an electroencephalogram (EEG).

 Oculogyric crisis is an acute dystonic reaction of ocular muscles 
with a conjugate deviation of the eyes, typically upward and lateral. Oculogyric 
crises are most commonly acute or tardive reactions to neuroleptics, though other 
etiologies exist.

 Mechanism

The underlying mechanism of oculogyric crisis is unclear and various hypotheses 
have been proposed [11]. In postencephalitic patients, it was proposed that oculogy-
ric crises result from a release of supranuclear control of the ocular motor centers as 
a result of injury to the corpus striatum or subthalamic nucleus [131]. It has also 
been hypothesized that oculogyric crises result from abnormal VOR due to brain-
stem lesions involving the vestibular pathways [132]. Given the response to anticho-
linergic agents, it has also been thought to result from a defect in mesencephalic 
vertical gaze-holding mechanisms that are dependent on balanced cholinergic and 
dopaminergic systems [133]. Lastly, a limbic-motor disorder has been hypothesized 
to explain oculogyric crises [128].

Table 2.4 Description, etiologies, and treatments of oculogyric crisis

Characteristics Etiologies Treatment
Sustained, upward deviation of 
eyes lasting seconds to hours
Ranges from mild and brief to 
severe, prolonged, and painful
May have neck flexion, jaw 
opening, blepharospasm, and 
autonomic symptoms
Psychiatric symptoms may be 
present

Drug induced:
   Typical and atypical 

neuroleptics
   Antiemetics
   Antidepressants
   Anticonvulsants
Disorders of dopamine 
metabolism
Hereditary and sporadic 
movement disorders
Brain lesions:
   Dorsal midbrain
   Substantia nigra
   Basal ganglia
   Posterior third ventricle

Remove or reduce the dose of 
the offending agent
Anticholinergics:
   Benztropine
   Biperiden
Antihistamines:
   Diphenhydramine
L-dopa may be beneficial in 
patients with parkinsonism
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 Treatment

Treating the underlying condition is important and removal of the offending drug is 
critical if the oculogyric crisis is drug-induced. Oculogyric crises that are severe/
painful can be treated acutely with IV or intramuscular (IM) benztropine or diphen-
hydramine [128]. If unsuccessful, IV/IM benzodiazepines (e.g., lorazepam or diaz-
epam) can be tried [128]. In some patients, short-term treatment with oral benztropine 
or trihexyphenidyl following the acute episode may be needed [128].

 Conclusion

Eye movement abnormalities that may be due to urgent or emergent etiologies in 
movement disorders include acute/subacute onset supranuclear saccadic gaze pal-
sies, ocular flutter and opsoclonus, various types of nystagmus, and oculogyric cri-
sis. Given the varying etiologies and thus treatments, it is important for the clinician 
to be aware of these eye movement abnormalities.
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 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 
referral facility the week before for treatment of alcohol abuse. Upon his arrival in 
the emergency room, the neurology resident was called to evaluate the patient after 
a normal computed tomography scan was obtained. Examination revealed normal 
comprehension and expression, slurring of speech, and an inability to fully open his 
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jaw and protrude his tongue. There were no defects in visual field perception, power, 
or sensation. 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 diag-
nosed, and 25 mg of intravenous diphenhydramine was administered, with resolu-
tion of the dysarthria and jaw restriction within 90s of infusion. He was maintained 
on oral diphenhydramine (25 mg twice daily) for 1 week after discharge.

 Introduction

Respiratory emergencies secondary to movement disorders are a rare but potentially 
life-threatening phenomenon. The clinician treating this patient population should 
be aware of the differential diagnosis and proper treatment to prevent adverse out-
comes. 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 example second-
ary to neuroleptic agents. In general, movement disorders of the upper aerodigestive 
tract lead to gradual respiratory compromise by diminishing the ability of the larynx 
to protect the lungs from aspiration. In this section, we will focus on movement 
disorders that produce acute airway 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 will also be 
discussed.

 Securing the airway and preventing respiratory embarrassment is the 
primary goal of intervention.

 Acute Airway Assessment and Management

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 
appropriately.

Basic history with respect to the airway includes several key items. While dys-
pnea 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 distur-
bance of the normal laminar airflow pattern. Inspiratory stridor usually implies a 
laryngeal or supraglottic obstruction, with isolated expiratory stridor suggesting an 
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intrathoracic or tracheobronchial obstruction. A biphasic stridor classically implies 
a subglottic origin for the stridor. Dysphonia, or hoarseness, is an important early 
finding. Questions about onset (acute vs. chronic), duration (continuous vs. epi-
sodic), and quality (harsh, raspy, breaks, breathy, fatigable) give important informa-
tion about airway stability.

The physical examination of the upper airway depends on accurate interpretation 
of findings on flexible fiberoptic laryngoscopy. Neurologic conditions present a par-
ticular challenge because there is often no anatomic distortion of laryngeal anatomy. 
Instead, they often manifest as complex functional disturbances requiring an expe-
rienced, trained observer. Failure of bilateral vocal fold abduction may warrant 
emergency intervention, cricothyroidotomy, or tracheotomy. The specific history 
and physical findings of each of the neurologic emergencies of the airway, including 
adductor breathing dystonia, Shy–Drager syndrome, and iatrogenic-related emer-
gencies, will be discussed below.

Many neurologic airway emergencies will respond to medical intervention 
including high flow humidified oxygen, intravenous infusion of steroids, and con-
tinuous pulse oximetry monitoring (preferably in a critical care unit). These mea-
sures help stabilize the situation; either completely avoiding the need for definitive 
airway management or at least allowing staff trained in advanced airway manage-
ment to arrive for assistance with care. Caution should be taken prior to attempted 
intubation in this patient group, as bilateral true vocal fold adduction may leave the 
vocal folds in a median or paramedian position making endotracheal intubation 
potentially challenging. Repeated attempts can further aggravate the situation by 
traumatizing the larynx and true vocal folds, causing bleeding and edema in an 
already compromised airway. Fiberoptic-guided intubation performed in a con-
trolled operating room setting, with back-up surgical airway assistance is far supe-
rior if time allows. Should this option not be available, or the situation too acute, 
cricothyroidotomy by incision into the cricothyroid membrane and insertion of a 
small endotracheal tube (e.g., #5.0 or #5.5) can be performed. This should be fol-
lowed 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 sustained or 
intermittent. Spasmodic dysphonia (SD) is a clinical term used to describe focal 
laryngeal dystonia. The vocal apparatus usually functions normally during respira-
tion, and laryngeal dystonia is triggered by speech. Most SD is idiopathic; however, 
it may occur secondary to neurological disorders (Wilson’s disease, parkinsonism, 
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Huntington’s disease, ceroid lipofuscinosis), environmental factors (posttraumatic, 
postinfectious, vascular, neoplastic, toxic) and even psychogenic [1]. SD is gener-
ally categorized into an adductor (AdSD) form, abductor (AbSD) form, or 
mixed type.

In AbSD, inappropriate contraction of the posterior cricoarytenoid muscles (the 
sole laryngeal abductors) results in hyper-abduction of the vocal folds. The voice 
quality is breathy and aphonic breaks occur during connected speech. In AdSD, 
inappropriate hyper-adduction of the laryngeal adductors (primarily the thyroaryte-
noids) 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 laryngeal muscles responsible for the 
abnormal movements.

 Adductor Laryngeal Breathing Dystonia

As mentioned earlier, focal laryngeal dystonias usually do not interfere with respi-
ration; however, patients with adductor laryngeal breathing dystonia present with 
adductor spasms, which occur selectively during inspiration. This usually presents 
as stridor of unknown etiology. Gerhardt first described this disorder, attributing it 
to paralysis of the abductor muscles. In 1992, Marion [3] studied three patients with 
Gerhardt’s syndrome with laryngeal electromyography to show that adductor mus-
cles were hyperactive. No weakness or denervation of the abductors was present, 
suggesting that the syndrome occurred as the result of AdSD. 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 stri-
dor. Hyperactive adductor muscles were demonstrated on EMG, while normal 
activity was seen in the abductor muscles. None of these patients desaturated on 
pulse oximetry and none required tracheostomy or ventilatory assistance. Stridor 
disappeared during sleep, typical of dystonia, and reappeared on awakening. All of 
the patients improved with injections of botulinum toxin to weaken the adductor 
muscles. Adductor breathing dystonia has also been reported in association with 
Lubag syndrome [5] (X-linked dystonia-parkinsonism), with multiple system atro-
phy (MSA) [6], with progressive supranuclear palsy [7] (both atypical parkinsonian 
syndromes) and as a complication of chimeric-antigen receptor T-cell immunother-
apy (CAR-T) [8].
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 Multiple System Atrophy: Abductor Weakness

MSA is a progressive degenerative neurological disorder affecting multiple sys-
tems, characterized clinically by a variety of parkinsonian, cerebellar, and auto-
nomic signs and symptoms. MSA is categorized into MSA-P (predominant 
parkinsonism) and MSA-C (predominant cerebellar) [9], with three levels of diag-
nostic certainty: possible, probable, and definite. Stridor is an additional feature of 
possible MSA-P or MSA-C; this partial airway obstruction is secondary to progres-
sive vocal fold dysfunction, typically presenting as stridor that occurs first in sleep. 
With the limitation of a frequently delayed diagnosis, stridor within 3 years of motor 
or autonomic symptoms may shorten overall survival [10]. Nocturnal stridor signi-
fies a poor prognosis, with an increased risk of sudden death [11, 12]. Deguchi 
studied the relationship between urine storage dysfunction, abductor paralysis, and 
central sleep apnea in these patients, noting that a deterioration of urine storage 
function might serve as a useful predictor of a parallel patient decline from abductor 
paralysis and central sleep apnea [13].

 Stridor, particularly daytime stridor, increases the risk of sudden death. A 
complaint or history of stridor should prompt urgent referral to an experienced 
otolaryngologist.

Vocal fold paresis and paralysis have been documented; however, the etiology of 
the vocal fold dysfunction is still elusive. Some authors have postulated that there is 
progressive weakness of the laryngeal abductors, while others suggest a dyskinesia 
or dystonia of the adductors leading to paradoxical vocal fold movement. Yoshihara 
noted a variety of stages of neurogenic degeneration of the muscle fibers and neuro-
muscular junctions of the posterior cricoarytenoid muscle, corresponding with 
abductor immobility in a patient with MSA [14]. Some authors have demonstrated 
adductor hyperfunctioning by laryngeal electromyography in patients with MSA, 
which responded to botulinum toxin injection to the thyroarytenoid muscles [6]. 
Flexible endoscopic evaluation usually reveals vocal fold adduction during inspira-
tion. Earlier in the disease process, continuous positive airway pressure therapy has 
been proposed as a treatment for MSA-associated stridor, which often leads to 
excessive daytime sleepiness in these patients. CPAP can also serve as a tool for 
uncovering the possibility of central apnea in this population [15–17]. As the laryn-
geal dysfunction progresses, patients may require tracheotomy to protect the airway.

There is no cure for MSA and life expectancy is generally 7–10 years after diag-
nosis; medical treatment is symptomatic. Surgical intervention may be necessary to 
provide alternatives for nutritional support secondary to dysphagia and/or trache-
otomy to secure the dysfunctional airway.
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 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 botuli-
num toxin to the appropriate laryngeal muscles. Airway compromise may occur 
iatrogenically as the result of laryngospasm, excessive volume injection, or paral-
ysis of the laryngeal abductors bilaterally. Laryngospasm is a sudden, sustained 
adduction 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 AdSD requires botulinum toxin injec-
tion under EMG guidance into the thyroarytenoid muscles. The needle is advanced 
through the cricothyroid membrane into the body of the thyroarytenoid muscle, 
remaining extramucosally and preventing breach of the needle into the airway 
throughout the procedure. In some individuals, the needle may stimulate laryngo-
spasm resulting in acute airway obstruction. Initial treatment requires the patient 
to remain calm and to inhale nasally (“sniffing” maneuver) until the spasm breaks: 
this technique is usually successful. Failure of the spasm to break with conserva-
tive measures may require securing the airway via intubation, cricothyroidotomy, 
or tracheotomy. In the operating room, laryngospasm may be arrested with posi-
tive pressure ventilation, or with paralytic agents followed by endotracheal intu-
bation. Injection of excessive volume into the vocal folds may lead to dyspnea and 
subsequent mechanical obstruction of the glottic inlet. In our practice the senior 
author tries to limit the injection to 0.1 mL per vocal fold to avoid stridor and/or 
glottic obstruction.

The treatment of AbSD requires botulinum toxin injection under EMG guidance 
into the posterior cricoarytenoid muscles. Because these are the only intrinsic laryn-
geal muscles responsible for abducting the vocal folds, bilateral paralysis can result 
in acute laryngeal obstruction. To prevent this from occurring, we usually inject 
only one side per clinical visit. Approximately 2 weeks later, after the peak effect of 
the botulinum toxin has passed, flexible nasolaryngoscopy is performed to evaluate 
the abductor capability of the injected vocal fold. If there is satisfactory motion 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 laryngeal 
abductors. Treatment is guided by the severity of the obstruction and may include 
intubation and/or procurement of a surgical airway.
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 Drug-Induced Tardive Dystonia

Typical neuroleptics and antipsychotics may trigger tardive dyskinesia or tardive 
dystonia, which can cause acute respiratory compromise if the larynx is involved. 
The extra-pyramidal side effects of neuroleptic and antipsychotic medications have 
been extensively reviewed in the literature [18–20]. We will focus on tardive dysto-
nia, as laryngeal involvement may precipitate acute respiratory embarrassment and 
sudden death if not properly diagnosed and treated. Tardive dyskinesia 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. When the dystonia involves the laryngeal musculature, respira-
tory compromise may ensue as a result of vocal fold spasms. The diagnosis of tar-
dive 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 [21]. 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 
3–5 days. Patients with laryngeal dystonia may require resuscitative treatment, that 
is, supplemental oxygen therapy, intubation, or a surgical airway while diagnosis 
and treatment are provided [22]. Fortunately, tardive dystonias respond promptly 
when properly diagnosed and treated.

 Parkinson’s Disease: Airway Compromise Related to Deep 
Brain Stimulator

Deep brain stimulation therapy is a now well-established intervention for the treat-
ment of Parkinson’s disease, particularly for motor symptoms refractory to medical 
therapy [23]. The development of bilateral vocal fold immobility following the 
placement of subthalamic electrodes has been reported, requiring placement of a 
temporary or permanent tracheotomy [24, 25]. While this is an uncommon compli-
cation, awareness of this association is important for the treating physician both for 
prior informed consent for the patient and for subsequent perioperative care.

 Swallowing Emergencies

Deglutition is a complex act of the laryngopharynx, requiring the successful pas-
sage of a food bolus into the upper esophagus and simultaneous protection of the 
laryngotracheal airway. This act relies upon the complex interrelationship of 
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neuromuscular coordination of the oral cavity, oropharynx, hypopharynx, and lar-
ynx. Breakdown in the neuromuscular coordination of deglutition causes dysphagia 
(difficulty 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 
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 due to airway protection. These emergen-
cies of swallowing rarely require immediate attention but often benefit from urgent 
intervention to allow adequate nutritional intake and to prevent aspiration 
pneumonia.

 Swallowing Assessment

The swallowing assessment should include a history of the type and quantity of 
foods tolerated, weight loss or gain, and a history of coughing or choking. The clini-
cal exam should include a comprehensive head and neck examination including 
cranial nerve examination and flexible nasoendoscopy of the pharynx and larynx. In 
addition to structural and functional assessment of the larynx, the specific act of 
deglutition should be witnessed endoscopically.

Objective methods of evaluating swallowing function include modified barium 
swallow and fiberoptic endoscopic evaluation of swallowing (FEES). The modified 
barium swallow (MBS) [26] involves videofluoroscopic evaluation in both antero- 
posterior 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 swal-
lowing in the oral, pharyngeal and upper esophageal phases. In order to evaluate the 
entire esophagus, a barium esophagram is performed which involves the patient swal-
lowing liquid barium. Views are taken before, during and after the barium is adminis-
tered. 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 during deglutition 
[27, 28]. The patient is offered food boluses of different consistencies with the addi-
tion of food coloring. The swallow is observed through the flexible videolaryngo-
scope. Many aspects of the swallow can be assessed in this manner except during 
velopharyngeal closure when the view is transiently obstructed. FEES can be per-
formed at the bedside or in the office. MBS and FEES, when performed by experi-
enced examiners, have similar specificity and sensitivity [29].

Laryngeal sensory testing is a method of evaluating the afferents of the laryngo- 
pharynx [28]. This is done at the same time as the FEES and evaluates the laryngeal 
adductor 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 watching for the adductor reflex. Sensory deficits have been shown to contrib-
ute to aspiration [30]; however, the role of sensation in dysphagia associated with 
movement disorders requires further investigation.
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Esophageal function can also be evaluated with manometry. This technique mea-
sures the sequential muscular function of the esophagus and can thus confirm dys-
motility disorders of the esophagus [31]. This technique may be combined with 
videofluoroscopy, which adds information regarding bolus location [32].

 Treatment of Swallowing Disorders

The treatment of dysphagia begins with behavior modification and speech and swal-
lowing therapy. This entails both positional and functional maneuvers to improve 
swallowing efficiency and prevent aspiration of the food bolus into the trachea. In 
severe cases, oral feeding may be inadequate for nutritional sustenance, and tube 
feeding is required for supplementation. Early intervention is crucial to maintain 
adequate caloric needs. Nasogastric tube feeding is appropriate for initiating 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 movement disorder may improve 
the symptoms of dysphagia.

Aspiration of a food or liquid bolus can result in aspiration pneumonia, which is 
associated with significant morbidity in patients with degenerative movement disor-
ders. Behavioral modifications through speech and swallowing therapy are first 
implemented. If vocal fold immobility is contributing to aspiration, then medializa-
tion laryngoplasty may help the patient to swallow safely [33]. Gastric tube feeding 
bypasses the upper aerodigestive tract and may decrease the frequency of aspiration. 
Tube feeding, however, does not prevent the aspiration of oral secretions, and 
patients may develop aspiration pneumonia even with a PEG. Patients who continue 
to aspirate oral secretions despite the presence of a gastric feeding tube may benefit 
from surgical airway protection. This includes glottic closure, epiglottic closure, 
laryngotracheal separation, and total laryngectomy [34, 35]. Tracheotomy does not 
prevent aspiration, and it may actually increase the risk of aspiration. This is due to 
the tethering effect of the trachea, which may inhibit laryngeal elevation, along with 
the inability to create adequate subglottic pressure during the swallow. Tracheotomy, 
however, does improve pulmonary toilet.

 Specific Disorders Related to Swallowing Emergencies

 Oromandibulolingual Dystonia

Oromandibulolingual dystonia [36, 37] (OMD) is a form of focal dystonia involving 
the masticatory, lower facial and tongue musculature, producing spasms and often 
jaw deviation. In the early sixteenth century, Brueghel often painted faces with open 
mouths and contracted facial muscles, perhaps due to OMD [38]. In 1899, Gowers 
[39] described conditions producing tonic and clonic jaw contractions. The differ-
ential diagnosis of tonic jaw spasms includes dystonia, tetanus, trauma, hysteria, 
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brainstem lesions, and hypothermia. Just after the turn of the century, Meige [40] 
reported a syndrome of spasms of the eyelids in addition to contractions of the pha-
ryngeal, jaw, and tongue muscles. These spasms were often provoked by voluntary 
action (talking and/or eating) and lessened by humming, singing, yawning, or vol-
untarily opening the mouth. Some patients with Meige’s syndrome developed other 
signs of dystonia, including torticollis, spasmodic dysphonia, or writer’s cramp. In 
1976, Marsden [41] realized that blepharospasm and oromandibular dystonia were 
both forms of adult-onset focal dystonia, a view supported by others [42–52]. In the 
most severe cases of OMD, dysphagia and/or airway obstruction can occur. One 
such case was published in a patient who sustained hypoxic brain injury, presenting 
several years later with intermittent respiratory distress requiring tracheostomy [53].

The etiology and differential diagnosis of OMD are similar to other forms of 
focal dystonia [54]. Misdiagnosis is common. Sustained or repetitive muscle con-
tractions associated with bruxism typically occur in sleep and OMD disappears in 
sleep. Many patients are initially diagnosed as having temporomandibular disorders 
(TMD) and are treated with a variety of appliances [55]. Dental appliances may be 
useful, as sensory tricks help orofacial dyskinesias and OMD. On the basis of clini-
cal exam, patients can be classified as having predominantly jaw-closing, jaw- 
opening, or jaw-deviation dystonia. Drug therapy is the mainstay of treatment; 
anticholinergics, benzodiazepines, and baclofen have proven to be most effective 
[56, 57]. We and others have reported success in managing OMD with local injec-
tions of botulinum toxin [58, 59]. There have been reports of successful manage-
ment of the jaw spasms using anesthetics and alcohol, suggesting an important role 
for modulating afferents in OMD [60].

Side effects and complications of botulinum toxin injection of OMD are uncom-
mon. In our initial report, there were 14 instances of dysphagia, mostly of the jaw- 
opening dystonia variety, where the anterior digastric muscles were injected. This 
injection can cause weakness of the suprahyoid muscle causing poor elevation of 
the larynx on swallowing and also changing the effectiveness of the tongue base on 
swallowing. One patient had severe dysphagia requiring 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 with chewing. 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 [61]. We ini-
tially treated a number of patients with severe lingual dystonia that caused posturing 
of the tongue or even prevented jaw closing. However, this approach converts a 
hyperfunctional tongue to a hypofunctional tongue. In most cases, we found the 
disability from the treatment worse than the disease. We recommend not treating the 
tongue, particularly the tongue base, since this worsens both speech and swallow-
ing. In our initial series, six patients experienced such severe dysphagia that they 
required a temporary nasogastric tube for enteral feeding for 3–8  weeks. Two 
patients with severe lingual dystonia (tongue remained postured 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 
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improvement [62, 63]. Some authors report benefits with low dose injections of 
lingual musculature [64]. Lyons recently reported on deep brain stimulation as an 
effective and safe treatment for patients with medically refractory Meige’s syn-
drome [65].

 Multiple System Atrophy

The main laryngopharyngeal deficit in patients with MSA is vocal fold immobility, 
which may be related to abductor paresis [6]. Persistent activity of the cricopharyn-
geus muscle during swallowing has also been noted in EMG studies [6]. Clinically, 
patients with advanced stages of MSA are more likely to have vocal fold immobil-
ity. This, along with dysfunction of the cricopharyngeus muscle, contributes to dys-
phagia. There is an increase in bolus stasis at the level of the piriform sinuses and 
the cricopharyngeus [66]. The presence of vocal fold immobility has been associ-
ated with increased risk of aspiration in patients with MSA, and therefore increased 
risk of aspiration pneumonia [66]. 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 [67]. Difficulty swallowing can lead 
to dehydration, malnutrition, and aspiration pneumonia. Dysphagia may be present 
in up to 43% of patients with MS, and the severity of the disease does not correlate 
with the degree of dysphagia. Dysphagia is caused by dysmotility at the level of the 
pharyngeal constrictors. This can result in penetration of the food bolus into the 
laryngeal vestibule. Slowing of the laryngopharyngeal phase of swallowing results 
in pharyngeal dysmotility [67]. Since there is no specific correlation between the 
disease state and the degree of dysphagia in MS, any complaint of swallowing dys-
function should be evaluated and treated regardless of the patient’s overall disabil-
ity. Speech and swallowing therapy may be beneficial to help compensate for the 
laryngopharyngeal dysfunction [68]. Patients at risk for aspiration or who are unable 
to maintain oral intake may require tube feeding for maintenance of nutrition.

 Amyotrophic Lateral Sclerosis

Dysphagia in amyotrophic lateral sclerosis (ALS) usually manifests several months 
after the onset of the disease [69]. Dysphagia in these patients may progress to aspi-
ration pneumonia, poor nutrition, and dehydration. Dysphagia in ALS is related to 
dysfunction at various phases of swallowing. There is generalized weakness of the 
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perioral, submental, suprahyoid muscles, and the tongue. This affects the oral pre-
paratory and oral phases of swallowing and can result in difficulty controlling liq-
uids and purees [69]. There is a delay in triggering 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 during associated 
swallowing and laryngeal elevation, resulting in shorter periods of upper esophageal 
sphincter opening [70]. ALS patients with dysphagia have weakness of laryngeal 
and respiratory muscles. They also exhibit brisk mandibular and gag reflexes. In 
advanced stages, patients can lose all voluntary control of the swallow resulting in 
a spontaneous reflex swallow [70]. Using a mouse model, Lever suggested that 
pharyngeal dysphagia in ALS may be attributed to both motor and sensory patholo-
gies [71].

 Bulbar-onset ALS may present to the otolaryngologist first, mimicking 
adductor spasmodic dysphonia. Care must be taken to avoid injecting botulinum 
toxin unless the features of spasmodic dysphonia are clear.

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. Spataro showed that PEG placement 
improves survival in dysphagic ALS patients, with few side effects [72]. Some 
patients with severe aspiration of secretions may benefit from surgical airway pro-
tection via glottal closure, laryngotracheal separation, or total laryngectomy.

 Parkinson’s Disease

Swallowing dysfunction is present in 30–52% of patients with Parkinson’s disease 
(PD); in fact, gastrointestinal symptoms (including dysphagia) are among the most 
common nonmotor manifestations of PD [73–75]. Dysphagia and aspiration in the 
setting of respiratory insufficiency are a major cause of death in patients with PD 
[76]. In patients with PD, there is a positive correlation between dysphagia and both 
disease duration and severity [77]. Potulska [73] compared swallowing function in 
PD patients with normal subjects using EMG and pharyngoesophageal scintigra-
phy. PD patients exhibited either subclinical dysphagia or overt dysphagia. Overall 
pharyngeal transit times, laryngeal movement times, and esophageal transit times 
were prolonged in PD patients with overt dysphagia. As the dysphagia progressed, 
the pharyngeal phase of swallowing became more disrupted. Also, the dysphagia 
limit (maximum bolus volume safely swallowed) was significantly less in patients 
with overt dysphagia compared to patients with subclinical dysphagia [73]. EMG 
studies showed prolonged triggering of the swallowing reflex and prolonged dura-
tion of the pharyngeal reflex time without disturbance in the function of the crico-
pharyngeus muscle [70]. In the early stages of PD, patients have been shown to have 
manometric abnormalities even before clinical manifestations of dysphagia [78]. In 
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a meta-analysis performed by Menezes and Melo, levodopa intake was shown not 
to be associated with an improvement in swallowing function in patients with 
Parkinson’s disease [79]. PD patients with dysphagia may benefit from speech and 
swallowing therapy to compensate for the impaired swallowing mechanism. 
Expiratory muscle strength training may improve swallow safety [80]. If the dys-
phagia progresses such that oral nutrition is either inadequate or unsafe, then tube 
feeding should be implemented.

 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, with many 
patients suffering from dysphagia [81]. In a review of the Nationwide Inpatient 
Sample database from 1996 to 2002, the most common HD-associated reason for 
hospital admission was pneumonia, of which aspiration pneumonia represented 
22% of cases [82]. Death occurs within 20 years in most patients and is often due to 
aspiration pneumonia. HD-related dysphagia is classified as hyperkinetic or brady-
kinetic [83]. The hyperkinetic variant is more prevalent of the two. This type is 
associated with uncoordinated, hyperactive movements of the tongue, mandible, 
and soft palate. There is also reduced activity of the suprahyoid, cricopharyngeus, 
and extrinsic muscles of the larynx [83]. In addition, there are abrupt swallowing 
and involuntary respiratory maneuvers associated with the hyperkinetic variant 
[84]. Tachyphagia, or rapid swallowing maneuvers, 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, mandible, tongue, and 
extrinsic laryngeal musculature [83]. Lingual sensory deficits may be present in 
both hyperkinetic and bradykinetic variants of HD.  Kagel and Leopold [83] 
reviewed patients with HD over a 16-year period and found 28 of 29 patients had 
severe oral phase dysphagia by videofluoroscopic swallowing study, 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 swallowing via postural fixa-
tion and spinal extension. Over one half of the patients studied exhibited uncoordi-
nated and asynchronous vocal fold function. This laryngeal chorea resulted in 
almost one-third of the patients with a potentially unprotected tracheal airway [83].

Treatment of swallowing dysfunction in HD patients should begin with speech 
therapy and dietary modifications. This technique is limited by each patient’s cogni-
tive 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.
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 Palatal Myoclonus

Palatal myoclonus is a form of focal myoclonus, which 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 [85]. The 
myoclonic activity persists during sleep. There may be associated focal myoclonic 
involvement of the larynx, extraocular muscles, neck, diaphragm, tongue, and face 
[85]. Palatal myoclonus is classified as symptomatic or essential. Symptomatic 
myoclonus occurs secondary to an underlying central nervous system disturbance, 
most commonly a brainstem stroke [86]. Other causes of symptomatic myoclonus 
include trauma, brainstem tumors or lesions, multiple sclerosis, encephalitis, pro-
gressive bulbar palsy, syringobulbia, obstructive hydrocephalus, and infectious 
causes (syphilis, malaria) [85–87]. There may be a latency period between the 
brainstem insult and onset of myoclonus of 3 weeks to 3 years [85]. Essential myoc-
lonus, which is much less common, has no identifiable etiology [87]. The essential 
variant is associated with earlier onset (30–40 years), equal incidence in men and 
women, and often presents with the sole complaint of ear clicking. Symptomatic 
palatal myoclonus usually occurs in older males with less frequent subjective com-
plaints [86]. There are occasional reports of palatal myoclonus contributing to dys-
phagia, dysarthria, and aspiration [87].

Treatment regimens for palatal myoclonus may include medical therapy with or 
without speech and swallowing therapy. Unfortunately, palatal myoclonus is often 
refractory to systemic medications. Occasionally successful medications include 
anticholinergics and clonazepam. Botulinum toxin has been used for treatment with 
successful results as well [85]. Swallowing therapy can also benefit patients with 
significant dysphagia and aspiration related to the palatal myoclonus. Behavioral 
techniques such as the supraglottic swallow can allow safe oral feeding [87].

 Conclusion

Movement disorder emergencies of the aerodigestive tract are dramatic and often 
life threatening. With appropriate, timely evaluation and intervention, most patients 
can be effectively managed and major morbidity avoided.
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 Patient Vignettes

 Patient 1

A 75-year-old woman with a history of bipolar disease dating back to her twenties 
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 inci-
dent, and remained at her mental and physical baseline postoperatively in the recov-
ery room and postsurgical floor. Two days after surgery she suddenly became mute, 
stiff, and unresponsive. In addition to her usual regimen of lithium 600 mg, fluox-
etine 20 mg, and trifluoperazine 4 mg daily, she had received a total of 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 was akinetic, and tone 
was markedly increased. When her arms were passively elevated, she very slowly 
lowered them. Deep tendon reflexes were normal. Vital signs, laboratory tests 
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including lithium levels, and a head computerized tomography (CT) were unre-
markable. She remained in this state for 3 days before a movement disorder consul-
tation was requested.

 Patient 2

A 15-year-old girl developed a 4-day febrile illness accompanied by a diffuse ery-
thematous maculopapular rash, conjunctivitis, and headache. 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 and no ptosis was noted. Her face was expressionless and her 
mouth was held partly open. She was diffusely rigid with a mild intermittent resting 
tremor in the left hand; no other adventitious movements were seen. Deep tendon 
reflexes were normal and plantar responses were equivocal. The remainder of her 
neurologic examination was unremarkable. Medical and family history was 
non-contributory.

Immunizations were up to date apart from measles. Her peripheral white blood 
cell count was 14.0  ×  109/L with 45% neutrophils and 48% lymphocytes. 
Cerebrospinal fluid (CSF) analysis showed 20 white blood cells per millimeter (all 
lymphocytes), no red blood cells, and normal protein and glucose. Serum measles 
antibody titer (by complement fixation) 10 days after the rash was 1:160; 3 weeks 
later, the titer was 1:80. Electroencephalogram (EEG) and computerized tomogra-
phy (CT) of the head were unremarkable. She was started on carbidopa/levodopa 
25/100 mg at 1/2 tablets three times per day with significant improvement in her 
symptoms. Over the next 3  months, tremor, bradykinesia, and rigidity slowly 
resolved.

 Introduction

There is no universally accepted definition of “acute parkinsonism.” We use the 
term to define a bradykinetic-rigid syndrome developing over minutes to a few 
weeks. It may be difficult to recognize bradykinetic rigid syndromes early on, espe-
cially in patients who are systemically ill. Secondary parkinsonism, defined as an 
identifiable non-degenerative disorder, often occurs following exposure to medica-
tions that block dopamine D2 receptors [1]. In primary parkinsonism [2] the date of 
symptom onset is usually hard to pinpoint. In contrast, most secondary forms of 
parkinsonism including drug-induced forms evolve over weeks or even hours.

The major causes of acute parkinsonism are listed in Table 4.1. Parkinsonism 
may be a relatively minor aspect of a life-threatening disorder, or it may be the pre-
senting and most obvious feature. In the latter, patients and families often note the 
symptoms only when the patient is brought to medical attention after a fall or a spell 
of incontinence. With diligent questioning, one can usually determine that the pro-
cess began earlier than originally reported.
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Acute parkinsonism in primary psychiatric disorders occurs in two settings, cata-
tonia, and conversion disorder. While parkinsonism may accompany severe depres-
sion [3] (particularly in the elderly) as well as severe obsessive-compulsive disorder 
[4], the onset is not usually acute.

 Noninfectious Acute Parkinsonism

 Structural Lesions

Normal pressure hydrocephalus often mimics parkinsonism, but the onset is insidi-
ous. In contrast, obstructive hydrocephalus is a well-known cause of acute parkin-
sonism [5]. Acute parkinsonism may occur in both adults and children, either due to 

Infectious
Post-infectious
Autoimmune/paraneoplastic
   Systemic lupus erythematosus
   LGI1 antibodies
   IgLON5 antibodies
   Dopamine 2 receptor antibodies
   Ma2 antibodies
   Ri antibodies
Medication
   “Typical” side effects of anti-dopamine drugs
   Idiosyncratic effects
   Neuroleptic malignant syndrome
   Serotonin syndrome
   Chemotherapeutic drugs
Toxic
   Carbon monoxide
   Cadmium
   MPTP
   Ethanol withdrawal
   Ethylene oxide
   Methanol
   Disulfiram
   Bone marrow transplantation
   Organophosphate exposure
Structural
   Stroke
   Subdural hematoma
   Central and extra pontine myelinolysis
   Tumor
   Hydrocephalus
Psychiatric
   Catatonia
   Conversion
   Obsessive-compulsive disorder (obsessional slowness)
   Malingering

Table 4.1 Etiologies for 
acute parkinsonism
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shunt obstruction or at presentation. Obstructive hydrocephalus following meningi-
tis or subarachnoid hemorrhage may also cause parkinsonism. 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 immediately after shunt revision. One developed acutely 1  year after 
shunting [6]. Some cases of obstructive parkinsonism are responsive to levodopa.

 Acute development of hydrocephalus in patients with aqueductal steno-
sis can present with levodopa-responsive parkinsonism.

Vascular parkinsonism, previously called atherosclerotic parkinsonism, usually 
results from tiny lacunes in the basal ganglia compounded by microvascular white 
matter disease [7]. This is generally insidious in onset and slowly progressive, 
although sudden worsening may occur with new strokes. Acute parkinsonism fol-
lowing a single stroke is rare [8–16]. Kim described six patients who developed 
hemi-parkinsonism, three with rest tremor and cogwheeling rigidity [11]. Tremor 
and other signs of parkinsonism developed after weakness improved. Imaging stud-
ies revealed large infarcts involving the supplementary motor area or cingulate 
gyrus. Other frontal strokes have also caused acute parkinsonism [12, 13]. As one 
might expect, strokes in the substantia nigra (SN) may cause parkinsonism [8–10], 
but these are exceedingly rare. Interestingly, strokes in the lenticular nuclei do not 
cause parkinsonism [14]. Acute hemorrhage is a less common cause of acute par-
kinsonism [15].

 Toxic/Metabolic

A number of poisons may induce parkinsonism. In some, like manganese, symp-
toms develop subacutely [17] or over long periods of time [18]. Parkinsonism may 
follow recovery from coma caused by carbon monoxide poisoning [19–21]. Carbon 
monoxide poisoning is a persistent problem in some countries, notably Korea where 
faulty oil burning heaters are used. The globus pallidus is typically involved, but 
data suggest that white matter deterioration must also be present for parkinsonism 
to develop. Cadmium [22] and ethylene oxide [23], disulfiram (used to prevent alco-
holics from imbibing) [24], and cyanide poisoning are other uncommon causes 
[25, 26].

MPTP has a special place in the history of movement disorders [27]. After its 
identification by Langston and colleagues as the source of a mini-epidemic of 
severe, acute parkinsonism in IV drug abusers in the San Francisco Bay area, it was 
developed as a tool for research in Parkinson’s disease (PD). The drug is taken up 
by glial cells and converted to MPP+, which is secreted and taken up by dopaminer-
gic cells in the pars compacta of the substantia nigra. MPTP was the first systemi-
cally administered drug to selectively target these cells, and because it has a similar 
effect 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. The 
onset of parkinsonism occurs after the first few doses.
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Acute parkinsonism is a rare complication of insect stings [28–30]. Acute par-
kinsonism developed within 3 days of a wasp sting [28] associated with pallidal 
necrosis, followed by acute deterioration 6 months later with degeneration of the 
nigrostriatal pathway. Bee stings have not been implicated. Parkinsonism due to 
alcohol withdrawal has been reported rarely [31–34]. A follow-up of some of these 
patients one or more years later proved that this withdrawal phenomenon was not a 
premature unmasking of subclinical PD.  Parkinsonism occurred early in with-
drawal, and sometimes resolved within a week [31]. 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. MRI revealed central pontine 
myelinolysis. She was responsive to very low doses of levodopa, and her parkinson-
ism gradually resolved [35]. Another similar case was also accompanied by pyrami-
dal features [36]. Parkinsonism is however not a typical feature of central pontine 
myelinolysis [37]. Hypoxic insult to the basal ganglia may cause parkinsonism or 
dystonia [38–40]. This is uncommon and typically occurs after a major brain insult. 
The syndrome has occurred in children [39] as well as adults, and damage to the 
lenticular nuclei is clearly visible on magnetic resonance imaging (MRI). Onset is 
usually delayed, but symptoms may develop rapidly.

Neuroleptic malignant syndrome (NMS) is variably defined, but generally 
requires the presence of fever, altered mental status, and rigidity [41–43]. Many 
patients have extreme elevations of creatine phosphokinase (CPK) due to rhabdo-
myolysis, but this is not required for diagnosis. Elevations in the CPK to the 
1000–2000 range are sometimes seen in otherwise normal, treated psychotic 
patients, even in the absence of signs or symptoms of muscle or tone abnormalities. 
It is critically important to exclude infection in patients presenting with fever, altera-
tion in mental status, or CPK elevation. Infections frequently cause exacerbations of 
neurological syndromes, including parkinsonism, and both infection and NMS may 
occur in the same patient. NMS may begin at any point once a patient is treated with 
neuroleptics, but it usually occurs relatively shortly after initiation of the offending 
drug or after a dose increase. While there is general agreement that the newer atypi-
cal 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 usu-
ally develops over days. Patients develop fever, stiffness, and mental impairment 
with delirium and obtundation. The impaired mental state may initially be over-
looked. Rigidity may be so severe that the limbs cannot be moved, and the stiffness 
may be fairly fixed. In some, muscle contractions may mimic a tonic seizure. 
Management of NMS requires excluding infection, identifying and discontinuing 
the offending drug, close monitoring of autonomic and respiratory parameters, and 
treatment with dopaminergic replacement (either levodopa or dopamine agonists).

 The management of neuroleptic malignant syndrome begins with a 
high index of suspicion for the disorder.
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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 24 h [44]. In patients who 
have a primary parkinsonian syndrome, a low-potency neuroleptic or even an atypi-
cal antipsychotic can induce acute parkinsonism. This is not uncommon when a 
patient with PD is treated with an anti-emetic such as prochlorperazine or 
metoclopramide.

 Use of typical or atypical neuroleptics (with the exception of quetiapine, 
pimavanserin, or clozapine) in PD patients is contraindicated.

A handful of children who underwent bone marrow transplantation (BMT) and 
chemotherapy developed an acute parkinsonian syndrome, sometimes evolving 
over hours, 2–3 months after transplant [45, 46]. In addition to parkinsonism, cogni-
tive and mental changes also occurred. No particular medication could be impli-
cated, and one patient had an autologous transplant eliminating the possibility of a 
graft versus host reaction. MRI revealed demyelination, and brain biopsies revealed 
regions of variably active inflammatory demyelinating lesions. Severe and persis-
tent neurologic sequelae were common. Several reports in the literature describe an 
acute parkinsonian syndrome occurring with a variety of chemotherapeutic agents 
[47] and with cyclosporin [48]. Some of these patients responded very well to 
levodopa, and parkinsonism was not permanent. In a case series of five subjects who 
were briefly exposed to organophosphate pesticide and developed acute parkinson-
ism, four recovered completely without treatment (one was lost to follow-up) [49].

 Autoimmune/Paraneoplastic

Autoimmune pathology has been demonstrated to be associated with the develop-
ment of acute parkinsonism. For example, a handful of teenagers with systemic 
lupus involving the nervous system developed acute parkinsonism in the setting of 
active central nervous system (CNS) involvement [49, 50]. Chorea, however, is a 
more common movement disorder associated both with systemic lupus and lupus 
anticoagulant antibody. Recently, parkinsonism has been reported in a growing 
number of immunologic processes. Several antibodies have been reported, includ-
ing Ma2, Ri, IgLON5, and LGI1. Some—but not all—of these antibodies are linked 
to neoplasms. Paraneoplastic syndromes are a rare cause of movement disorders, 
including parkinsonism. The most common associated cancers found are small cell 
lung cancer, breast, gynecological, testicular, lymphoma, and thymoma. Identifying 
and treating the underlying cancer is critical. If cancer is not identified, immuno-
therapy is the mainstay of treatment.
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 Psychiatric

Catatonia is an important diagnostic possibility to consider in the setting of acute 
parkinsonism [51–53]. Catatonia should be strongly considered in any patient with 
acute-onset akinesia without an obvious cause such as toxin exposure, hypoxic isch-
emia, 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, DSM criteria have been revised 
to recognize it as a manifestation of manic-depressive disorder as well. It is actually 
more common in the affective disorders. The patient may have experienced previ-
ous spells that may not have been recognized, or resolved over long periods of time. 
Catatonia may punctuate a manic spell or follow a bout of catatonic excitement. A 
catatonic, unlike someone with parkinsonism, will not attempt to move. He or she 
will not appear to be uncomfortable or become hungry. All studies will be normal 
and an EEG, if the eyes are closed, will be normal. Most physicians incorrectly 
think of catalepsy as the defining characteristic of catatonia. Not all patients have 
waxy flexibility or maintain postures that are externally imposed. The hallmark fea-
tures of catatonia are negativism, a refusal to cooperate generally manifested as 
mutism or minimal interaction, and lack of movement. 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 environment. Patients will not follow com-
mands and may not respond to pain. Since the patient may keep his or her eyes 
closed, coma and encephalopathy must be excluded. However, if the eyes are closed 
and the patient is stiff, unresponsive to deep pain, 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 and raising a finger.

Psychogenic or functional parkinsonism is not common but should always be 
considered, especially in young patients. In studies of new referrals to movement 
disorder specialists, about 2–5% have presumed functional diagnoses [54]. Acute- 
onset parkinsonism without a demonstrable cause is not likely organic. The behav-
ioral causes are catatonia, conversion, and malingering. Conversion disorder is a 
type of somatoform disorder in which patients express mental stress as physical 
disability [55]. It usually begins abruptly, helping to distinguish it from organic 
disorders [56, 57]. In idiopathic PD, tremor tends to vary throughout the day, often 
becoming prominent in time of stress and disappearing during periods of relaxation. 

4 Acute Parkinsonism



62

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, heavylifting, excitement—do not necessarily affect conversion tremor. 
On examination, signs of conversion resolve with distraction and vary in frequency, 
while PD is usually invariant in frequency. The slowness of conversion disorders 
has a more deliberate character, especially during handwriting. Balance impairment 
is usually 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 con-
cern, either because they do not understand the implications of the diagnosis or are 
in denial. Often patients with conversion have a background in medicine, such as 
nursing, medical secretary, a lab technician, or have experience with the disorder 
from a relative. 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 (Table 4.2).

Von Economo’s disease (ED), also called encephalitis lethargica, was probably 
seen prior to his initial description of 13 cases with the onset between February and 
April 1917 in Vienna [58]. Urechia [59] probably described the first recorded cred-
ible case series of ED with the onset in April and May 1915 in Bucharest. Somewhat 
later (1915 or 1916), cases were described in the French army [60, 61]. A massive 
encephalitis outbreak affecting 65,000 Chinese in the province of Yunnanfu caused 
devastation from 1917 to 1927 [53, 62]. By 1919, cases had been reported through-
out the world. The peak incidence in the United States was in 1923 with about 2000 
reported 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 somnolent- 
ophthalmoplegic form: a “prodromal phenomena consisting of general discomfort, 
shivering, headache and slight pharyngitis. The temperature is generally only a little 

Table 4.2 Classification of infectious causes of parkinsonism

A. Von Economo’s disease (ED)/encephalitis lethargica
B. Post-encephalitic parkinsonism (PEP) of von Economo
C. Sporadic, post-pandemic ED-like and PEP-like cases
D. Parkinsonism associated with known viral encephalitis
Parkinsonism associated with nonviral encephalitis
Parkinsonism associated with non-encephalitic infectious
Postvaccine parkinsonism
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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 frequently 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 neu-
ritis, papilledema, pupillary disturbances and even Argyll Robertson’s sign” [63]. In 
the hyperkinetic form, “chorea and hemichorea as well as myoclonic twitches were 
observed which may 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” [63]. 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 pyramidal tract. This form of enceph-
alitis lethargica is particularly common in the chronic cases, dominating the clinical 
picture of parkinsonism. I reserve the name ‘parkinsonism,’ though symptomati-
cally 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 scarcely noticeable in the face, but they are mentally 
intact” [63].

ED was a serious, often lethal disease. “The prognosis of clinically well- 
documented cases of encephalitis lethargica is 40% mortality, 14% complete recov-
ery, 26% recovery with defect, but able to work, and 20% chronic invalidity” [63]. 
It is estimated that more than 60% of ED patients who survived developed posten-
cephalitic 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% [64]. The average age of the onset of PEP was approximately 
27 years. Resting tremor was the presenting symptom in two-thirds of cases while 
akinetic-rigid features occurred alone in about one-third [65]. Symptoms were 
occasionally unilateral and often asymmetrical [66]. Other neurological abnormali-
ties besides parkinsonism were present in most patients. One of the most notable 
features was the presence of oculogyric crises: “they consist of tonic visual convul-
sions, occurring in fits and generally lasting only a few minutes, during which the 
patients as a rule look upwards and sideways” [63]. Other features included dysto-
nia (such as blepharospasm, torticollis, cranial, and torsional dystonia), myoclonus 
(focal or generalized), facial and respiratory tics, choreoathetosis, obsessive- 
compulsive behavior, pyramidal signs [66, 67], supranuclear gaze palsy, and eyelid 
apraxia [68]. One study assessing the accuracy of the diagnosis of PEP in pathologi-
cally proven cases showed a high reliability and sensitivity in diagnosis. The best 
predictors for the diagnosis included the onset below middle age, symptoms lasting 
more than 10 years, and oculogyric crisis [69]. Recent work has suggested that the 
relationship between ED and PEP is less clear [70].

4 Acute Parkinsonism



64

The course of PEP is unclear. Duvoisin and Yahr [64] followed 49 patients with 
probable PEP and observed a stable course or very slow deterioration. On the other 
hand, Duncan [71] who studied 136 PEP inpatients in London was impressed with 
the progressive nature of parkinsonian disabilities. Calne and Lees [72] and 
Viereggel [73] 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 at death of 74.3 years [65]. While there appears 
to be general agreement that ED and PEP share a viral etiology, no causative agent 
was ever identified. Its occurrence around the time of the influenza pandemic of 
1918 and 1919 has led some to link ED/PEP to the influenza pandemic [74]. 
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 post-influenzal encephalopathy [63]. Since the 
influenza pandemic affected at least 500 million persons [75] or over one-fourth of 
the world’s population at that time, it is very possible that many individuals with ED 
may coincidentally also have had influenza [76]. Modern studies using immunocy-
tochemistry and immunofluorescence to detect in situ antigens failed to consistently 
isolate influenza or any other virus in the remaining brain or CSF samples of neuro-
pathologically confirmed ED and PEP [76–80]. Similarly, the search for autoanti-
bodies did not support an autoimmune mechanism in PEP [81]. Finally, studies on 
genetic susceptibility of ED/PEP have been inconclusive. While Elizan [82] saw a 
highly significant increase in the frequency of HLA-B14 antigen in PEP cases, Lees 
[83] 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 [84–91]. Other than one report of positive influenza 
A antibody titer (1:>160) [90] and another report of CSF cultures yielding cox-
sackie B4 enterovirus [91], attempts to identify the viral agent in ED-like cases have 
failed. Nonetheless, the clinical presentation, laboratory studies, imaging, and path-
ological findings are reminiscent, if not identical, to ED/PEP. To distinguish these 
cases from parkinsonism associated with viral encephalitides, Howard and Lees 
[88] proposed major criteria for the diagnosis of ED. The illness should comprise an 
acute or subacute encephalitic illness with at least three out of the following seven 
features: (1) signs of basal ganglia involvement; (2) oculogyric crises; (3) ophthal-
moplegia; (4) obsessive-compulsive behavior; (5) akinetic mutism; (6) central 
respiratory irregularities; and (7) somnolence and/or sleep inversion.

Parkinsonism may occasionally accompany viral encephalitides [89]. Table 4.3 
lists the viruses known to cause encephalitis with or without associated parkinsonism. 
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Table 4.3 Causes of viral encephalitis

Virus Parkinsonism Author
California encephalitis 
(LaCrosse virus)

Not reported

Coxsackie virus Acute Walters [128]
Acute, transient Posner et al. [129]

Cytomegalovirus Not reported Giraldi et al. [130]
Eastern equine encephalitis 
(EEE)

Not reported

Herpes virus Not reported Ickenstein [131]
Human immunodeficiency 
virus

Secondary to 
opportunistic infection

Nath et al. [91]; Carrazana et al. [92]; 
Navia et al. [93]; Noel et al. [4]; 
Maggi et al. [96]; De la Fuente et al. 
[107] Singer et al. [108]; Werring and 
Chaudhuri [109]

Part/feature of HIV 
encephalopathy

De Mattos et al. [97]; Mirsattari et al. 
[98]

Epstein–Barr virus Acute, transient Hsieh et al. [132]
Influenza virus Acute, transient Isgreen et al. [133]
Japanese B encephalitis Followed acute phase 

without interval
Shiraki et al. [134]

Chronic phase with 
interval

Ishii et al. [135]

Acute, persistent Shoji et al. [136]
Acute, transient Pradhan et al. [137]

Lymphocytic 
choriomeningitis

Acute, transient Scheid et al. [138]
Chronic, persistent Adair et al. [139]

Mumps Not reported
Murray valley encephalitis Reported Bennett et al. [140]
Papovavirus Not reported
Poliovirus Acute, transient Bickerstaff and Clarke [141]; Thieffrey 

[142]
Acute Barrett et al. [143]; Duvoisin and Yahr 

[64]
Parkinsonism in late life 
with history of polio as a 
child/young adult

Vincent and Myers [144];

Rubella Not reported
Rubeola, measles Post-measles, transient Mellon et al. [145]; Meyer [146]
Russian spring-summer 
encephalitis, European 
tick-borne encephalitis

Acute, transient Henner and Hantal [147, 148]
Tremor only Radsel-Medvescek et al. [149]

St. Louis encephalitis Tremors Cerna et al. [150]; Wasay et al. [151]
Dystonia with tremor as 
sequelae

Finley [152]; Finley and Rigs [153]

Varicella-zoster virus Not reported
Venezuelan equine 
encephalitis

Not reported

Western equine encephalitis Reported Fulton and Burton [154]
Chronic, persistent Mulder et al. [155]
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In most instances, parkinsonism associated with viral infection occurs during the 
acute encephalitic phase or shortly thereafter. If the patient survives, the parkinson-
ism is usually transient, although it can take several months to resolve. Unlike EP 
or PEP, oculogyric crises, ophthalmoplegia, cranial neuropathies, or psychiatric/
behavioral disturbances are rare.

In HIV-infected patients, parkinsonism may develop from exposure to dopamine 
blockers (such as prolonged use of metoclopramide); secondary to opportunistic 
infections (toxoplasmosis, progressive multifocal leukoencephalopathy, tuberculo-
sis) affecting the basal ganglia [91–96]; or as part of HIV encephalopathy in the 
absence of opportunistic infections [97, 98]. The parkinsonian syndrome is often 
unresponsive to levodopa [99]. Rarely parkinsonism is associated with nonviral 
infectious agents: spirochetes (neurosyphilis and Lyme disease), mycoplasma pneu-
moniae, and opportunistic infections accompanying HIV. Most reported cases of 
parkinsonism from spirochetal [100, 101] and mycoplasma [102–106] infections 
present with acute onset and improve markedly with appropriate treatment, despite 
the severity of the initial clinical presentation. Of the five reported cases with myco-
plasma, 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 involvement of the substantia nigra and pallidum 
[103]. One patient [102] experienced severe dyskinesias and dystonia with levodopa 
therapy, but symptoms gradually resolved.

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 [93, 
95], progressive multifocal leukoencephalopathy [107, 108], and cerebral tubercu-
losis [109]. 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 [96]. There is only one reported case of parkinsonism following 
herpes ophthalmicus [110]. A 5-year-old boy developed isolated fever 15 days after 
a measles vaccine shot and then developed persistent parkinsonism. MRI showed 
hyperintense signal affecting the substantia nigra bilaterally. He responded to 
levodopa but dyskinesias appeared even at low doses [111]. The only other reported 
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 vaccina-
tions. Within 1 week, he developed severe parkinsonism with resting tremor, gener-
alized rigidity, and bradykinesia, which responded well to levodopa and a dopamine 
agonist. Unlike the previous case, parkinsonism was transient [112].

 Neuropathology and Imaging

The pathological features of ED differ from those of other viral encephalitides (usu-
ally characterized by diffuse brain congestion and edema). In ED, pathology 
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typically consists of non-hemorrhagic 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 pathological 
hallmark of the disease is cytoplasmic inclusions of neurofibrillary tangles (NFTs) 
within the substantia nigra (SN), associated with severe neuronal loss [69, 113, 
114]. Lewy bodies are not present. In the chronic state (PEP), inflammation is often 
replaced with degeneration of neurons and gliosis throughout the central nervous 
system, particularly the midbrain [115]. NFTs occur in the absence of senile plaques 
[65, 116]. Unlike Alzheimer’s disease, they do not stain for alpha synuclein or amy-
loid [117], but similar to progressive supranuclear palsy, they are ubiquitinated and 
tau-positive on immunohistochemistry [118, 119].

MRI findings from cases of parkinsonism associated with viral encephalitis as 
well as ED/PEP-like cases usually reveal bilateral, symmetrical basal ganglia 
involvement, predominantly with signal hyperintensities in the SN but may also 
involve the striatum and lenticular nucleus [120]. When symptoms resolve, these 
MRI lesions can be transient as well. On fluorodopa positron emission tomography, 
PEP differs from idiopathic PD. Uptake in the putamen of PEP patients is homoge-
neously reduced, without the anterior–posterior gradient typically seen in PD [90, 
121]. This may be due to the more diffuse involvement of the SN pars compacta in 
PEP compared to the ventrolateral predominance in PD.

 Evaluation

A young patient with acute or subacute onset of parkinsonism associated with a 
febrile illness should have a complete blood count, and blood chemistries including 
liver, renal, thyroid function tests, antinuclear antibodies, erythrocyte sedimentation 
rate, chest radiography, electrocardiogram, and blood and urine cultures. CSF 
should be sent for cell count, glucose, protein, and extra tubes for CSF gram and 
acid-fast bacilli stain, VDRL, Lyme titers, serologies (for herpes simplex virus, her-
pes zoster, mumps, measles, adenovirus, enterovirus, cytomegalovirus, Epstein–
Barr virus, toxoplasmosis, etc.), and state-run encephalitis PCR panels. Serum 
ceruloplasmin, 24-h urine copper and heavy metals, toxicology, HIV test, tuberculin- 
purified protein derivatives test, and serum VDRL may be necessary. An EEG may 
define seizure activity and helps grade the 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 
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in dose recently, and her lithium level was not elevated. Since her symptoms 
occurred 2 days after surgery, a direct result of the surgery was unlikely. Meperidine 
may trigger severe reactions with MAO 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, had a non-focal exam, and a normal brain CT pointed to a prob-
able psychiatric cause. Given the history of bipolar disease requiring an antipsy-
chotic, 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 confirmed the diagno-
sis of catatonia and pointed to the need for more aggressive psychiatric treatment. 
When the effects of the lorazepam wore off within a few hours, she became cata-
tonic again.

Establishing the etiology of acute parkinsonism is of paramount importance. 
NMS is treatable, usually with levodopa or dopamine agonists. In cases of profound 
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 [53]; 
however, patients may require prolonged treatment to prevent recurrence. Patients 
who do not respond to lorazepam should be considered for electroconvulsive ther-
apy which has been reported as successful in treating this disorder as well as NMS.

 IV lorazepam may be therapeutic and diagnostic for catatonia.
Toxic, metabolic, infectious, post-infectious, 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, 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, where a dopamine agonist is our drug of 
choice. When levodopa is not helpful, we advocate a trial of amantadine 200–400 mg/
day in patients with normal renal function. Although 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 and slowly titrated. Since 
patients with acute parkinsonism may improve on their own, it may be difficult to 
gauge the response to a slowly increasing dose of dopamine 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 a 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 disor-
ders. The presentation is therefore not consistent with ED or PEP.  In addition to 
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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 [122], amantadine [123], bromocriptine, and deprenyl [124] 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. 
[125] 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 [126] 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 PD where patients often 
chose to be “on” with dyskinesias, PEP patients preferred to be “off” to avoid emo-
tional lability. Similarly, Duvoisin [127] reported 63% of patients with increased 
involuntary movements and 33% with psychic manifestations among 26 PEP 
patients treated with levodopa. Slower titration enabled some patients to enjoy a 
sustained response. There is one report of PEP in which oculogyric crises resolved 
and tremor and rigidity improved with unilateral thalamotomy [67]. Since parkin-
sonism in PEP is probably progressive, or, at the very least, persistent, and since 
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 that 
may occur due to a variety of causes. Identification of the cause and institution of 
appropriate treatment can not only improve patients’ outcome but may also even be 
life-saving.
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Parkinsonism-Hyperpyrexia Syndrome 
in Parkinson’s Disease
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 Patient Vignette

A 44-year-old right-handed man with a 14-year history of Parkinson’s disease (PD) 
presented to the emergency department (ED) with acute onset of fever, confusion, 
rapidly progressive difficulty with ambulation and dysphagia. He originally devel-
oped PD at age 30 with left arm tremor and slowness. Work-up for secondary par-
kinsonism was unrevealing, and treatment was initiated first with anticholinergic 
agents and then levodopa. Within 4 years, he had developed bilateral symptoms and 
signs. Motor fluctuations and complications emerged within 5 years of onset, with 
related anxiety and behavioral problems as well. He required high doses of dopami-
nergic agents for the last 8 years. After 13 years he underwent deep brain stimula-
tion (DBS) surgery, with bilateral leads placed in the subthalamic nuclei. They were 
operational as of the last office visit. DBS surgery led to improved off times and 
improved dyskinesia but allowed only minimal changes in levodopa dose.

The emergency occurred approximately 1-year post surgery. He had been fully 
able to communicate, perform activities of daily living and ambulate 48 h prior to 
ED presentation. He had recently been incarcerated, and during his confinement his 
medication doses were abruptly and substantially diminished for unclear reasons. 
His usual dosing schedule included carbidopa/levodopa (C/L) 25/100 one tablet 

D. E. Huddleston 
Department of Neurology, Emory University School of Medicine, Atlanta, GA, USA 

S. A. Factor (*) 
Movement Disorders Program, Vance Lanier Chair for Neurology, Emory University School 
of Medicine, Atlanta, GA, USA
e-mail: sfactor@emory.edu

Supplementary Information The online version of this chapter (https://doi.org/10.1007/978- 
3- 030- 75898- 1_5) contains supplementary material, which is available to authorized users.

5

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-75898-1_5&domain=pdf
https://doi.org/10.1007/978-3-030-75898-1_5#DOI
mailto:sfactor@emory.edu
https://doi.org/10.1007/978-3-030-75898-1_5#DOI
https://doi.org/10.1007/978-3-030-75898-1_5#DOI


78

every 2 h starting at 6:00 a.m. to 8 pm, with two tablets at 10:00 p.m., midnight and 
2:00 a.m. In addition, he was also prescribed the dopamine agonist pergolide 1 mg 
three times/day, and quetiapine 25 mg five tablets per day. In the ED, the patient 
appeared acutely ill. He was febrile, with a temperature of 101  °F, heart rate of 
100 bpm, blood pressure of 140/90, and respiratory 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 arms, but no other involuntary move-
ments 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. Laboratory studies revealed a white blood 
cell count (WBC) 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 (CK) was 
>4000. A cranial CT revealed bilateral DBS leads without acute pathology. A lum-
bar puncture with CSF analysis was normal.

The diagnosis of parkinsonism-hyperpyrexia syndrome was made. A nasogastric 
tube was placed, and levodopa and pergolide were re-instituted with intravenous 
fluids. Despite treatment his condition worsened, with medically refractory hyper-
tension, respiratory distress, seizures, and ultimately renal failure. He expired 3 days 
after presentation. Postmortem examination revealed bilateral pulmonary emboli 
with infarction. Examination of the brain revealed marked depigmentation of the 
substantia nigra and the locus coeruleus, with Lewy bodies confirming the diagno-
sis of PD.

 Introduction

Neuroleptic malignant syndrome (NMS) is a potentially fatal drug-induced move-
ment disorder that was first described by Delay and associates in 1960 [1, 2]. These 
authors reported it as the “most serious but also rarest and least known of complica-
tions of neuroleptic chemotherapy” [2]. Since the 1980s, it has been a considerable 
concern in relation to the treatment of psychiatric patients because of its potentially 
high mortality rate of 5–20% [3, 4]. The characteristic clinical features include 
hyperthermia, muscle rigidity, dysautonomia, and mental status change. 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 alert-
ness, to agitation and delirium, to frank stupor or coma [6, 8]. Muteness is also seen 
although less commonly than catatonia. Unstable blood pressure, cardiac arrhyth-
mia, dyspnea, pulmonary edema, and bladder incontinence are common signs of 
dysautonomia; diastolic hypertension may be a specific feature [3]. Several labora-
tory abnormalities support the diagnosis including elevated creatine kinase (CK), 
elevated white blood cell count (WBC), and diminished serum iron [3]. The core 
features of NMS have been recognized in patients exposed to other agents such as 
dopamine depletors (tetrabenazine) [9], and in a related syndrome (serotonin syn-
drome) associated with exposure to serotonin-specific reuptake inhibitors [10, 11].
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In 1981, a similar disorder was described in a patient with PD triggered by sud-
den withdrawal of dopaminergic medications, specifically levodopa, amantadine, 
and biperiden. The syndrome seen in PD was 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], acute dopa-
mine depletion syndrome [17], and akinetic crisis (although this syndrome includes 
worsening of parkinsonism due to medical issues such as infection or trauma which 
may be pathophysiologically different from changes due to medication withdrawal) 
[18]. PHS is the most specific and clinically descriptive term and the one currently 
most accepted for this disorder. As we will show, levodopa withdrawal is not the 
only cause of this entity, and the word dopaminergic pertains to any NMS-like syn-
drome. It is important to draw a distinction between true NMS and PHS. From this 
point forward, when discussing this syndrome in parkinsonian patients we will use 
the term PHS. This chapter will review the clinical entity of PHS and discuss its 
management. Interest in this syndrome has been on the rise in recent years, evi-
denced by the publication of several review articles on the subject [7, 18–22]. We 
will also discuss two other less common PD emergencies, deep brain stimulation-
withdrawal syndrome and dyskinesia-hyperpyrexia syndrome.

 Clinical Features

Although PHS is rare, primarily reported as case reports and series, several situa-
tions have been found to be common triggers [23]. The scenario initially reported 
was during a “levodopa holiday” [13, 24–26]. These cases were all reported in the 
1980s when drug holidays were still utilized for therapeutic purposes. They were 
recommended in patients with intractable “off” periods and psychosis, although 
their utility was controversial [27, 28]. Drug holidays often involved rapid reduction 
and complete cessation of dopaminergic medication. Patients would remain off for 
up to 14 days, despite well-known risks associated with immobility such as aspira-
tion pneumonia and pulmonary embolism. Drug holidays fell out of favor long ago 
and are no longer utilized therapeutically; however, there are situations where dopa-
minergic medications are discontinued which pose an equal risk. In several reports, 
the medications were abruptly stopped by the patients themselves because of dys-
phagia or side effects, misunderstanding medication instructions or a desire to try 
alternative treatments [12, 16, 17, 23]. In one case the medications were stopped 
because physicians thought the patient had psychogenic parkinsonism [17]. PHS 
has also been seen in PD patients with partial withdrawal of dopaminergic therapy, 
or when medication regimens were substantially changed. Iwuagwa et  al. [29] 
described a case with onset linked to discontinuing the COMT inhibitor tolcapone. 
When the patient became confused, the treating physician thought this was exacer-
bated by levodopa; after it was stopped, PHS symptoms escalated. Cunningham 
et al. [30] described a patient who developed hyperthermia, rigidity, and dysautono-
mia when immediate release levodopa was switched to controlled release and 
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bromocriptine was tapered off from 40  mg/day to zero in just a few days. Peak 
serum levodopa levels are notably lower with controlled release formulations than 
immediate release. Keyster et al. [17] reported a similar case where PHS occurred 
when a patient was switched from levodopa to bromocriptine.

 Never abruptly reduce or discontinue levodopa or dopamine agonists in 
PD patients.

Another situation where PHS has been reported is in PD patients treated for a 
coexisting psychiatric disorder with neuroleptics. One such patient with schizophre-
nia and PD treated with neuroleptics for their primary psychotic disorder became 
gravely ill after cessation of anti-parkinsonian medications [31]. In another case, a 
patient admitted to the hospital for drug-induced psychosis had their levodopa 
stopped and haloperidol started at the same time. It is not unreasonable to refer to 
these cases as NMS also since it is unclear if symptoms started because of dopami-
nergic drug withdrawal or neuroleptic initiation, or both. Severe “off” periods asso-
ciated with motor fluctuations can also trigger such events. Pfeiffer and Sucha [15] 
reported a single patient developing repeated PHS features with “off” episodes. 
Events occurred for years, lasting 1 or 2 h and clearing when he turned “on”. He 
ultimately died during a severe episode associated with a fever of 107 °F.

Three other scenarios have been reported in single cases that occurred without 
change in medication regimen. One involved peri-menstrual “off” times with symp-
toms of PHS [32]. In this case, it is believed that elevated estrogen and progesterone 
levels may have decreased CNS dopaminergic stimulation in a manner similar to 
cutting medication doses. Another case involved metabolic alteration, particularly 
hypernatremia [33]; the mechanism by which this caused PHS is unclear. In a third 
case a patient in the intensive care unit developed the symptoms of PHS after his 
enteric feeding was changed from a formulation with lower protein content to one 
with higher protein content [34]. The PHS cleared after the enteric feeding formula-
tion was switched back to the formulation with lower protein content. His home 
regimen of PD medications was continued unchanged throughout his course. In this 
case the development of PHS was attributed to decreased absorption of his levodopa 
caused by increased protein content in his enteric nutrition. Despite these cases and 
others like them, it should be noted that PHS, for the most part, refers to a disorder 
that occurs with withdrawal of CNS dopaminergic stimulation. Metabolic changes 
and infection may increase the risk of PHS. However, while they can on their own 
cause worsening of parkinsonian symptoms, it is unclear if they do so via the same 
mechanism. Therefore, we propose that the term PHS should indicate the presence 
of NMS-like constellation of symptoms in the setting of dopaminergic drug 
withdrawal.
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 PHS and Deep Brain Stimulation

Our patient vignette suggests an additional risk for PHS in PD patients. DBS of the 
subthalamic nucleus (STN) is commonly used in advanced fluctuating PD. When 
performed properly it leads to a substantial decrease in “off” time and severity. This 
improvement can in turn lead to a decrease in levodopa requirement by about 37% 
[35]. Some authors advocate discontinuing levodopa altogether [36], but others 
have voiced concern regarding this objective and the risk of PHS [37]. Our patient 
had STN DBS implanted and had medications abruptly stopped, although not as 
part of the programming plan. He developed PHS and secondary pulmonary embo-
lism, which was ultimately fatal. The DBS did not prevent PHS, and therefore it 
does not appear to be protective with respect to PHS.

 The decision to completely eliminate levodopa after STN DBS 
requires careful thought.

Other scenarios leading to PHS surrounding STN DBS have been described. 
Some relate to medication changes and some to abrupt disruption of the stimulation 
itself. For those where the symptoms occur due to withdrawal of the DBS itself, it 
is referred to as “deep brain stimulation-withdrawal syndrome (DBS-WDS)” [38]. 
In one case report the authors describe onset of PHS following medication with-
drawal preoperatively in preparation for DBS surgery the night before [39]. Another 
patient developed PHS immediately after implantation of bilateral STN 
DBS. Adjunctive medications, ropinirole, entacapone, and amantadine had been 
gradually tapered and stopped 1 day preoperatively. Levodopa was held overnight, 
one dose was given during surgery between implantation of the sides, and it was 
restarted in the evening. Nevertheless, he developed high fever, rigidity, tachycar-
dia, drowsiness, and elevated CK. Symptoms progressed over 16 days, including the 
development of renal failure, and the patient ultimately expired [40]. In yet another 
scenario, a patient had her dopaminergic medications lowered substantially after 
STN DBS resulted in severe dyskinesias. As the dyskinesias subsided, around day 
24 she developed PHS which ultimately led to fatal myocardial infarction [41]. 
Rajan et al. [42] reported PHS in two patients when their IPG reached “end-of-life” 
status. In both cases replacement was delayed, but once completed improvement 
was seen within days. Similar cases have been reported with one case of PHS occur-
ring as the patient was prepared for IPG replacement [43, 44]. The symptoms 
improved within hours of IPG reimplantation and programming. Reuter et al. [38] 
reported PHS or DBS-WDS in five patients explanted due to lead infection. One 
case report (see Case 4 in Section IV below) describes a patient who developed PHS 
repeatedly after his STN DBS was turned off for recurrent stimulation-associated 
manic episodes [45]. Longer duration of PD and longer duration DBS stimulation 
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may be risk factors for DBS-WDS [38]. The mechanism by which DBS withdrawal 
causes DBS-WDS is unknown. One might assume that stopping DBS would have 
an equivalent effect of dopaminergic drug withdrawal. However, it appears that 
increasing the levodopa dose does not improve DBS-WDS [43]. This would suggest 
a different mechanism from PHS due to drug withdrawal. This disorder has been 
primarily reported with STN DBS and not pallidal DBS. It has been suggested this 
may relate to the absence of medication withdrawal with the later [42].

 PHS Epidemiology

The frequency of PHS in PD has not been studied formally, but the disorder appears 
to be rare and is likely underreported [22]. We identified more than 80 cases reported 
in the literature. The details of the cases were varied. One paper was a therapeutic 
trial that included 40 cases [46]; two papers reported 11 cases each [16, 47]; two 
reports described three cases each [13, 17], and the rest were single case reports. 
With one of the larger cohorts, Serrano-Duenas [16] reported that 11 cases accounted 
for 3.6% of his PD patient population and 0.04% of total patient consultations for 
PD. In the study by Sato et al. [46], 40 cases were seen over a 3-year period. One 
study of akinetic crisis observed that it occurred in 30 of 756 cohort patients fol-
lowed a mean of 14.3 ± 2.7 years of follow-up (overall incidence 2.8/1000 person 
years [PYs]) but 2.7/1000 PYs for non-familial PD and six in the 142 patients with 
familial PD (3.0/1000 PYs) [48]. This study also demonstrated that genetic muta-
tion carriers (POLG1, PINK1, LRRK2, GBA) had a substantially higher incidence 
at 21.2/1000 PYs (seen in 6 of 20 patients) [48]. Although these categories (akinetic 
crisis and PHS) are not identical, we would expect that they overlap substantially. 
These findings suggest that PHS may be more prevalent than previously recognized.

In a hospital-based study (single hospital) of consecutive PD admissions between 
April 2009 and March 2015, there were 164 admissions involving 136 patients, with 
40 of these admissions (involving 38 patients) being considered emergencies. Six of 
these 40 had PHS (15% of emergencies and 4% of total admissions over 6 years) 
[49]. This represents about one admission with PHS per year. PHS was the most 
common reason for admission among those with disease duration <5 years in elderly 
individuals with later onset PD.  The PHS reported in this study occurred in the 
background of dehydration as a result of depression and anxiety. Patients develop-
ing PHS were male (47 of 83 [56%] reported) or female, with duration of PD rang-
ing from 2 to 16 years and baseline levodopa dose at time of onset ranged from 200 
to 2100  mg/day. Not all patients have motor complications, but this appears to 
enhance risk. In the report by Ueda et al. [47], only 4 of 11 cases were experiencing 
this problem at the onset of PHS. The mortality rate was 4% in one study [50] and 
as high as 23% in another [48]. The later study included worsening of parkinsonism 
due to medical issues such as infection.
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 PHS Clinical Syndrome

The clinical features of PHS are nearly identical to NMS, and the clinical presenta-
tion seems fairly stereotyped [11]. The time of onset of symptoms after change in 
dopaminergic therapy ranged from 18 h to 7 days [51]. The initial feature in most 
patients is severe rigidity along with tremor, with rapid progression to an immobile 
state [16, 17, 47]. Within 72–96 h, most patients are hyperpyrexic with altered men-
tal status ranging from agitation and confusion to stupor and coma. Autonomic 
signs include tachycardia, tachypnea, labile blood pressure, urinary incontinence, 
pallor, and diaphoresis. In some cases, hyperthermia, mental status changes, and 
autonomic dysfunction may occur from the outset along with worsening of parkin-
sonism [47]. Temperature as high as 107 °F has 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 of iron levels that 
were altered in NMS [3]. Respiratory distress is not uncommon, and mechanical 
ventilation may be necessary [24, 31]. Mutism, as part of the mental status derange-
ment, was reported by several authors [12, 30, 33]. Other neurological features 
include seizures [25] and myoclonus [14].

Although this description seems very similar to NMS, there appear to be some 
differences. Serrano-Duenas [16] performed a comparison looking 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 versus 49 h) for PHS than NMS. In 
addition, in PHS the elevation of CK and WBC was significantly less robust. The 
duration of hospitalization was also shorter (8.4 versus 12.2 days). As expected, 
PHS patients were older than the NMS group. These findings suggest that NMS is a 
more aggressive disorder than PHS, and carries a poorer prognosis. As with NMS, 
PHS may be associated with serious long-term sequelae. Some patients only par-
tially recover from the event and are left with significantly worsened PD [16, 17]. In 
one case a patient at Hoehn and Yahr stage 2 prior to the incident became wheelchair- 
bound (stage 5) afterward [16]. Medical complications are also a concern. Deep 
venous thrombosis is a serious complication and may ultimately result in pulmo-
nary emboli (as occurred in our illustrative case). Several patients have developed 
aspiration pneumonia during a bout of PHS and two cases developed renal failure 
[13, 17], complications well described in NMS.  Finally, several of the reported 
cases were fatal [13, 15, 24, 52]. Two died in hyperthermic coma with no other 
explanation, one died with aspiration pneumonia and renal failure and one from 
pulmonary embolism [52]. The longer the duration of the event, the greater the 
mortality [48].

 PHS is clinically similar to NMS, although PHS may be less 
malignant.
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 Illustrative Cases from the Literature

The following four cases from the literature illustrate PHS, three from drug with-
drawal and one related to DBS. In addition, Table 5.1 summarizes the time frame 
involved in development of PHS after dopaminergic drug withdrawal, and recovery 
after therapy in six representative cases [16, 17].

 Case 1 [17]

A 75-year-old man with a diagnosis of PD was treated with immediate release car-
bidopa/levodopa (C/L) 25/100, one tablet three times per day for 1  year. When 

Table 5.1 Summary of selected clinical cases from two publications [16, 17] illustrating the time 
frames involved in onset and recovery of PHS

Patient 
demographics

Medication 
discontinued

Clinical 
features 
within 24 h

Clinical 
features 
within 96 h

Improvement 
within 24 h

Improvement 
within 96 h

75-year-old 
man with PD 
for 1 year

C/L 
300 mg/d

None 
reported

Weak, rigid, 
tremulous, 
diaphoretic

None reported Full resolution 
within 5 days

67-year-old 
woman with 
PD and 
schizophrenia

C/L 250 mg/
qid

Febrile 
(41.2 °C)
mute, 
tremulous, 
rigid

Same Afebrile, 
improved 
sensorium

Full resolution 
within 48 h

64-year-old 
man with PD 
for 7 years

C/L 
250 mg/q.i.d.
Benz. 2 mg/d
Trihex. 
4 mg/d

Tremulous, 
rigid

Febrile 
(39.4 °C)
Mute, 
confused, 
severe 
tremor and 
rigidity

Less rigid and 
tremulousness, 
improved 
sensorium

Progressive 
improvement 
without return 
to baseline 
after 10 days

74-year-old 
woman with 
PD
(H&Y III)

C/L 
750 mg/d
Seleg. 
10 mg/d

Rigid, 
unable to 
ambulate or 
feed self

Febrile 
(37.9 °C)
Stupor, 
severe 
rigidity

Afebrile, alert, 
much less rigid

Progressive 
improvement 
without return 
to baseline 
after 10 days

69-year-old 
man with PD
(H&Y II)

C/L 
750 mg/d
Bromo. 
7.5 mg/d

Severe 
rigidity, 
unable to 
ambulate

Febrile 
(38.7 °C)
Somnolent, 
severe 
rigidity

Afebrile, alert, 
much less rigid

Progressive 
improvement 
without return 
to baseline 
after 10 days

69-year-old 
woman with 
PD
(H&Y IV)

C/L 
1125 mg/d
Seleg. 
10 mg/d

Febrile,
severe 
rigidity, 
unable to 
ambulate

Febrile 
(39.2 °C)
Stupor, 
severe 
rigidity

Afebrile, alert,
much less 
rigidity

Progressive 
improvement 
without return 
to baseline 
after 10 days

C/L carbidopa/levodopa, Ama. amantadine, Seleg. selegiline, Bromo. bromocriptine, H&Y Hoehn 
and Yahr
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amantadine 100 mg was added for symptomatic benefit, the patient mistakenly dis-
continued his C/L. Within 5 days he became tremulous, weak, pale, diaphoretic, and 
dyspneic. Amantadine was increased without clinical benefit. It was discovered 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, resulting in the ces-
sation of C/L. Within 48 h, he worsened considerably and because of continued 
confusion 9  mg of haloperidol was given. Soon after, the patient became mute, 
agitated, and severely rigid with a diffuse coarse tremor. Laboratory review revealed 
leukocytosis, hypernatremia, and an elevated CK (452 U/L). Within 5 h of this eval-
uation, the patient’s temperature rose to 38.5 °C. Bromocriptine (2.5 mg every 6 h) 
was started, and within 72 h the patient’s condition markedly improved. C/L was 
subsequently restarted, and the patient fully recovered.

 Case 2 [16]

A 74-year-old woman abruptly stopped taking her anti-parkinsonian medication. 
She had advanced disease (Hoehn and Yahr stage 3), and had been taking C/L 
750 mg/d, selegiline 10 mg/d and propranolol 80 mg/d. 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 h 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 due to abrupt medication withdrawal was made, a nasogastric tube 
was placed and dopaminergic medication was restarted. Within 9  h she became 
alert, and rigidity lessened within 15 h. On discharge 9 days later, rigidity was worse 
than prior to the incident.

 Case 3 [24]

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 per day and diphenhydramine 50 mg four times per day. C/L 
was reduced by one half for 3 days, and then stopped altogether (drug holiday) and 
diphenhydramine was cut to 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, heart rate of 120/min, respiratory rate 28/min, 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 initiated 
empirically. Despite therapy, he remained febrile and stuporous. He was intubated 
and placed on a ventilator but died in hyperthermic coma on day 15 after discontinu-
ing medications.
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 Case 4 [45]

A 60-year-old man with a 17-year history of PD developed severe motor fluctua-
tions and dyskinesias 9 years after disease onset. He was levodopa-responsive and 
underwent bilateral subthalamic nucleus (STN) DBS placement. With stimulation 
his motor symptoms improved, but he also developed mania. His mania increased 
2 years after the DBS placement and he was admitted to the hospital where the 
stimulators were turned off in light of the mania, which was attributed to the stimu-
lation. On the third hospital day, the patient’s manic symptoms disappeared but he 
developed somnolence, immobility, and rigidity. He became febrile with a tempera-
ture of 38.7 °C. Heart rate was 120, white blood cell 12,600/μL, and serum CK was 
elevated to 1878 U/L. PHS was considered, treatment with medical therapy was 
initiated and by day 6 in the hospital the patient was afebrile with normal mental 
status. DBS was then turned back on and the patient had improvement in rigidity 
and akinesia. However, over the next several years he experienced several more 
episodes of mania, which did not respond adequately to antipsychotic drugs or DBS 
stimulation site adjustment. During each episode his DBS had to be turned off, and 
each time this was done he experienced recurrence of PHS which responded each 
time to IV fluids followed by the reintroduction of DBS. His most recent manic 
episode was reversed by lowering the voltage of the stimulation, not completely 
turning it off, without the emergence of PHS.

 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 with minor medi-
cation changes or wearing off. There have been attempts to evaluate potential risk 
factors for the development of PHS in PD patients [47, 53, 54]. The most ambitious 
of these was a study by Ueda [47], examining clinical and neurochemical features 
over a 3-year period in 98 consecutive hospitalized PD patients. Demographics, 
disease severity, and cerebrospinal fluid monoamine metabolites including HVA, 
MHPG, and 5-HIAA were evaluated. 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 gender, age, duration of disease, or maximum levodopa dose. 
HVA spinal fluid levels were significantly lower in the PHS group, the only feature 
independently related to the occurrence of PHS. A second study by the same group 
[53] examined CSF HVA levels in nine patients during and after an episode of PHS, 
and compared them to 12 PD patients with simple worsening of PD with discontinu-
ing 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 [54] suggest that 
the presence of motor fluctuations, psychosis, and dehydration prior to the event 
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represents other possible risks. Overall, it appears that those with more severe dis-
ease and more profound dopaminergic depletion are at greater risk. Support for this 
comes from the ELLDOPA trial where 361 early PD subjects treated with up to 
600 mg of levodopa for 9 months were withdrawn over a few days. No cases of PHS 
occurred [55].

It is generally accepted that alterations in dopaminergic transmission in the brain 
are the primary pathogenic mechanism of NMS [3, 56]. 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 (which exhibits the same clinical phenomena seen in NMS) with 
dopaminergic drug withdrawal in PD indicates that a hypodopaminergic state alone 
is sufficient to trigger this syndrome. 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 nigrostriatal system. It 
has been shown on FP/CIT SPECT scans that during an episode of akinetic crisis 
(five patients) and NMS (one patient), there is almost complete suppression of bind-
ing in the putamen and severely reduced or no uptake in the caudate of the patients 
demonstrating aspects of “burst striatum” pattern [57]. These findings suggest that 
there is profound presynaptic dopaminergic dysfunction during AC or NMS; dopa-
mine presynaptic transporter activity is suppressed and inefficient and that this dys-
function may recover during follow-up in surviving patients. 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 detection, 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, 
while dopamine receptor antagonists block this ability [3]. Dopaminergic depletion 
can also explain mental 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 anti-parkinsonian medication 
(Table 5.2). If there is no history of medication schedule alteration, then other causes 
must be sought including the use of neuroleptics or inadvertent shutting off of their 
DBS device (drained battery for example). 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. Since PHS has occurred in two 
patients because of poor absorption of levodopa relating to diet this is an important 
consideration. If the syndrome developed after DBS shutdown or adjustment (DBS- 
WDS), reversing these changes is recommended. If it relates to IPG failure, then 
replacement should be completed as soon as possible, even in the situation of the 
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patient being acutely ill, since standard treatments related to PHS including adding 
more levodopa do not seem to be effective [43, 44]. Beyond that, the treatment is 
similar to NMS with supportive therapy, including re-hydration with intravenous 
fluids, treatment of hyperthermia with anti-pyretics and cooling blankets, as well as 
supportive measures such as mechanical ventilation, cardiovascular monitoring, 
intravenous access, nasogastric suctioning/feeding, and prevention of thrombophle-
bitis [43]. Metabolic evaluation and work-up to exclude infection are necessary. 
Since these patients are at risk for infection, such as aspiration pneumonia, it is 
reasonable to initiate antibiotic therapy while the work-up is under way. Additional 
medical therapy with bromocriptine or other dopamine agonists and dantrolene 
should be considered, although there have been no controlled trials. Bromocriptine 
is orally administered, with an initial dose of 2.5 mg t.i.d., titrated for effect in incre-
ments of 2.5 mg t.i.d. every 24 h. Dantrolene, a muscle relaxant initially used to 
treat malignant hyperthermia, is a parental compound typically dosed as 10 mg/kg/
day in three to four divided doses. Apomorphine administered subcutaneously is 
also useful in the treatment of PHS when medication administration orally or via 
nasogastric tube is not feasible [58–60]. Apomorphine may also be useful as an 
adjunctive therapy for PHS along with levodopa [59]. With proper therapy symp-
toms will reverse in 10 h to 7 days. Most of the patients described ultimately required 
a fairly lengthy hospital stay (5–22 days). Studies informing the treatment of PHS 
have generally been case reports and small case series, and larger randomized trials 
are needed to better establish optimal therapy for PHS.

One study examined the use of methylprednisolone pulse therapy as an added 
regimen for PHS in PD [46]. In a randomized trial, all patients received levodopa, 
bromocriptine, and dantrolene sodium and patients were randomized to receive 
placebo or 1000 mg of methylprednisolone daily 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 5.2 Steps in the management of PMS in PD

Recognition of the disorder
Verification of patients’ medication regimen/compliance
Reintroduction of anti-parkinsonian medications
Supportive measures anti-pyretics/cooling blankets
   Re-hydration
   ICU monitoring/management (see text)
Clinical evaluation for possible co-morbid conditions
Bromocriptine 2.5 mg po t.i.d., titrated by 2.5 mg t.i.d./daily as necessary
Dantrolene sodium 10 mg/kg/d IV in divided doses (t.i.d./q.i.d.) as necessary
Apomorphine 2 mg SC every 3 h as necessary (if no nasogastric tube access, or use as adjunct)
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 Dyskinesia-Hyperpyrexia Syndrome

We chose to also include “dyskinesia-hyperpyrexia syndrome” (DHS) in this chap-
ter as it is another PD emergency relevant to the topic. DHS is rarer than PHS, and 
only a few cases have been reported. In contrast to PHS, it occurs due to increased 
dopaminergic activity leading to acute onset, severe and continuous dyskinesia with 
rhabdomyolysis, hyperpyrexia, and altered mental status. The mechanism is unclear 
but likely relates to excessive, non-physiological central dopaminergic replacement 
in the striatum. It has been reported in association with medication changes and has 
also occurred spontaneously. DHS has developed on a background of oral (pulsa-
tile) levodopa treatment and enteral continuous infusion. Some patients have recur-
rent episodes [61, 62]. In one case, a patient with a 16-year history of PD treated 
with enteral levodopa/carbidopa, safinamide and amantadine had ropinirole XL 
added to the regimen to treat restless leg syndrome. The patient developed severe 
dyskinesias, hyperpyrexia, and substantially elevated CK and WBC.  The patient 
required cessation of all medications and endotracheal intubation and sedation 
before the symptoms subsided approximately 24  h later. Medications were ulti-
mately reintroduced with return of prior function [63]. Another case occurred on the 
background of 19 years of STN-DBS. Motor fluctuations and dyskinesias were pre-
viously well controlled. He spontaneously developed severe dyskinesias on a hot 
July day. He had hyperpyrexia and tachycardia and an elevated CK. Oral dopami-
nergic medications were adjusted, and the stimulation amplitude was decreased. 
Dyskinesias improved in hours to days [64]. Longer duration disease and motor 
fluctuations appear to be important risk factors [63, 64]. It can be triggered by thera-
peutic changes, infections, dehydration, or trauma. Ambient heat, in combination 
with hyperactivity, has been invoked as possible triggers. The role of ambient heat 
is well illustrated by a case where a patient with 16 years of PD complicated by 
motor fluctuations and dyskinesias would develop DHS, eight episodes over three 
summers [62]. The episodes included severe dyskinesia, hyperthermia, and elevated 
CK and WBC and eventually ceased during treatment with enteral L-dopa infusion. 
Treatment includes intensive supportive care and reducing dopaminergic therapy.

 Conclusion

PHS is a neurological emergency caused by the abrupt withdrawal of dopaminergic 
therapy or alterations in DBS parameters (referred to as DBS-WDS) that has the 
potential to end in fatality. In all likelihood, it is under-recognized and more com-
mon than the literature might suggest. There are several ways to prevent PHS. First, 
drug holidays are no longer considered an appropriate treatment approach in PD. If 
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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 cortico-
basal degeneration [65]. When lowering doses patients need to remain adequately 
hydrated. In addition, patients should be advised not to stop medications on their 
own and the dangers should be spelled out. It is important to avoid the use of stan-
dard neuroleptics in these patients since they are already at risk for NMS or 
PHS. Even atypical antipsychotics have the potential to lead to NMS in PD. The 
agents best tolerated by PD patients are quetiapine and clozapine [66], 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 [47, 53, 54], even 
patients with early PD taking low doses of levodopa can develop PHS. Once the 
syndrome occurs, recognition is paramount and rapid re-introduction of dopaminer-
gic medications imperative. One other syndrome to be vigilant of is DHS. Although 
this disorder is related to a hyperdopaminergic state, it also leads to severe dyskine-
sias with fever, muscle breakdown, and renal failure. This disorder is exceed-
ingly rare.
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Neuroleptic Malignant Syndrome

Stanley N. Caroff, Stephan C. Mann, Kenneth A. Sullivan, 
and E. Cabrina Campbell

 Patient Vignettes

 Patient 1

A 16-year-old woman had been well with no psychiatric history until 1 week prior 
to admission. She developed difficulty sleeping and bizarre behavior including 
assaultiveness, sobbing, undressing in public, and thoughts of suicide, prompting 
admission. On examination, she was labile, agitated, and delusional and experi-
enced tactile, visual, and auditory hallucinations. Neurological exam revealed 
impaired recall, dyscalculia, and right-sided sensory deficits. Haloperidol (2 mg) 
orally b.i.d. was started, and she also received 5 mg intramuscularly for worsening 
agitation. Within a few hours, she developed a temperature of 39.8 °C, tachycardia, 
diaphoresis, board-like rigidity with cogwheeling, tremors, and mutism. A general-
ized seizure was observed. Despite administration of diphenylhydantoin, steroids, 
diazepam, benztropine, and three electroconvulsive treatments, she remained rigid 
and unresponsive with temperatures rising to 40.5  °C.  Laboratory examination 
revealed elevated serum creatine kinase (CK) (44,000 IU) and peripheral leukocy-
tosis. Serial EEGs showed diffuse generalized slowing, and CT scan of the head was 
normal. Lumber puncture on three occasions revealed 30–70 WBC/mm3 (98% lym-
phocytes) with normal pressure, glucose, and protein suggesting encephalitis due to 
a viral or atypical pathogen, but cultures, stains, serology, and polymerase chain 
reaction for viral antigens were negative. Haloperidol was discontinued, and 
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dantrolene and amantadine were administered. Over 2  weeks, she became alert, 
verbal, and ambulatory, while memory deficits and dysarthria resolved after 
6 months.

 Patient 2

A 65-year-old man with a history of alcohol dependence was admitted with abdomi-
nal pain and nausea. Observation of a mass on an MRI scan of the abdomen led to 
surgery for a perforated diverticulum. Postoperatively, he appeared restless, agi-
tated, and delirious. He received haloperidol (2 mg) and lorazepam (2 mg) intrave-
nously every 2 h. Within 24 h, he became unresponsive, tachycardic, hypotensive, 
tremulous, rigid, and febrile with temperature reaching 41.5 °C. Laboratory exami-
nation revealed hypoxia, metabolic acidosis, elevated serum CK (21,500 IU), and 
leukocytosis. An EEG showed diffuse generalized slowing, and a CT scan of the 
head demonstrated mild cortical atrophy. Haloperidol was discontinued, but he 
developed sudden respiratory arrest requiring intubation. Lorazepam was contin-
ued, and dantrolene and bromocriptine were administered. Subsequently, he was 
treated for acute renal failure and disseminated intravascular coagulation. He gradu-
ally improved over 4 weeks but continued to exhibit persistent dysarthria and mild 
ataxia several months later.

 Introduction

Neuroleptic malignant syndrome (NMS) was first identified by Delay and col-
leagues during early trials of haloperidol [1]. Although subsequently studied in 
France and Japan [2, 3], NMS remained obscure for an additional two decades until 
a cascade of hundreds of published clinical reports increased recognition and con-
firmed acceptance of NMS as a severe drug reaction associated with dopamine- 
receptor blocking agents used primarily as antipsychotics [4–9]. The resistance and 
prolonged delay in acceptance of NMS as an iatrogenic condition occurred in part 
because it was often misdiagnosed as a form of malignant catatonia attributed to 
psychosis or schizophrenia, leading to tragic and fatal consequences of continued or 
even more aggressive antipsychotic treatment [6, 10].

In subsequent years, the accumulation of published clinical observations enabled 
a more precise definition of NMS, clarified risk factors and treatment strategies, 
renewed interest in related hyperthermic disorders, and shed light on the patho-
physiology of the syndrome. Increased awareness facilitating early diagnosis, more 
conservative use of antipsychotic medications, and the introduction of newer anti-
psychotics with fewer neurological side effects have reduced the incidence and mor-
tality of NMS. Nevertheless, the evaluation, differential diagnosis, and treatment of 
NMS in medical as well as psychiatric settings remain unfamiliar to most practicing 
physicians. This is alarming given that antipsychotics are increasingly promoted 
and prescribed to an expanding number of patients, and that NMS remains 
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potentially lethal if unrecognized, underscoring the need for increased awareness of 
this serious drug reaction.

 Epidemiology

 Incidence

Although NMS occurs relatively infrequently, the widespread use of dopamine- 
receptor blocking agents in medicine and psychiatry suggests that the absolute num-
ber of cases may be significant. For example, data from the US Agency for 
Healthcare Research and Quality indicate that about 2000–2500 cases of NMS are 
diagnosed annually in hospitals in the United States. Annual healthcare costs of 
$70 million and a mortality rate of 10% underscore the continuing public health 
impact of this drug reaction (http://hcup.ahrq.gov/HCUPnet.asp).

The incidence of NMS varies depending on the sample size and risk of the popu-
lation studied, prescribing practices and methods of case ascertainment [11]. There 
is marked heterogeneity in methodology among incidence studies of 
NMS. Combining data from published studies of NMS occurring among groups of 
psychiatric patients treated with antipsychotics, we previously estimated the inci-
dence of NMS to be about 0.2%, while other early estimates reported in the litera-
ture ranged even higher [7]. In a meta-analysis of 26 published studies of the 
incidence of NMS, a pooled mean incidence of 140/141,291 (0.099%) was calcu-
lated [11]. However, more recent rates in two large-scale prescription database stud-
ies were reported as 0.02%, equivalent to one case developing in 5000 patients 
receiving antipsychotics [12, 13]. There is a significant correlation between the esti-
mated incidence of NMS in various studies and the size of the sample population at 
risk [11], suggesting that the lower frequency of NMS in the large database studies 
may be closest to the true incidence of the disorder. The apparent reduction in inci-
dence of NMS reported over time, which may not be statistically significant [11], 
could be the result of more conservative dosing of antipsychotics, minimizing risk 
factors, early recognition of incipient cases, and the widespread use of newer and 
less potent antipsychotic drugs. As an example of the effect of drugs with less affin-
ity for the dopamine receptor, Stubner et  al. found a tenfold lower incidence of 
NMS with clozapine compared with haloperidol [12].

 Risk Factors

Several studies have been conducted to identify risk factors for the syndrome [14–
16]. NMS has been reported in both sexes and all age and ethnic groups implying 
that anyone exposed to dopamine-receptor blocking agents is at risk. Although 
recent studies have revealed that NMS is most often reported in young adults with a 
peak between 20 and 25 years of age, in males by a ratio of 3:2, and in patients of 
non-white ethnicities [16, 17]; differences and prejudices in the rates of underlying 
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psychotic diagnoses and prescribing practices may have biased these findings. NMS 
is rarely reported among children, but recent reviews indicate that youngsters, espe-
cially male adolescents, may be affected [18–21]. Although elevated environmental 
heat and humidity have been proposed as contributing factors in a few cases, NMS 
occurs independent of ambient conditions. NMS is not limited to specific neuropsy-
chiatric diagnoses. It has developed in patients treated with antipsychotics for 
diverse psychiatric illnesses, as well as in patients without any evidence of brain or 
behavioral disorders who received dopamine-receptor antagonists (e.g., prometha-
zine, droperidol, prochlorperazine, metoclopramide) for agitation, sedation, or gas-
trointestinal disorders [22]. Previous authors have proposed an increased risk of 
NMS in patients with schizophrenia, mood disorders, developmental disorders, 
organic brain syndromes, pre-existing catatonia, and disorders affecting the basal 
ganglia [8, 23, 24]. Adults with intellectual disabilities may be highly susceptible 
and were three times as likely as controls to develop NMS when treated with anti-
psychotics in one retrospective study [25]. There have been several reports of NMS 
in patients with anti-N-methyl-D-aspartate receptor (NMDAR) encephalitis who 
received antipsychotics [24, 26–28]. It is unclear whether autoimmune impairment 
of NMDA receptors per se imparts special risk of NMS, or whether patients with 
encephalitis and other inflammatory brain diseases are at high risk regardless of 
etiology. Several systemic and metabolic factors have been correlated with the risk 
of NMS including exhaustion, agitation, dehydration, low serum iron, and use of 
physical restraints [2, 7, 8, 29].

Although the occurrence of NMS among family members has been reported [16, 
30], studies of genetic risk have been limited to association studies of targeted genes 
in relatively small patient samples. Suspected pathogenic polymorphisms have been 
investigated in dopamine and other neurotransmitter receptor genes [31–35], in 
genes coding for cytochrome enzymes associated with antipsychotic metabolism 
[36], and in ryanodine-receptor genes associated with risk of malignant hyperther-
mia [37–39], all with conflicting results. Further large case–control studies includ-
ing genome-wide association studies will be needed to confirm population 
frequencies possibly implicating multiple genetic variants with respect to NMS that 
could ideally enable screening for risk prior to antipsychotic treatment.

Pharmacologically, about 15–20% of patients who develop NMS experienced 
a similar episode during prior exposure to neuroleptics, suggesting a possible trait 
susceptibility with limited penetrance of the disorder [40]. Virtually all classes of 
drugs that induce dopamine-receptor blockade have been associated with NMS . 
This includes all dopamine-receptor blocking antipsychotics, with higher potency 
antipsychotics associated with greater risk; haloperidol has accounted for about 
half of all reported cases [12]. Although newer, less potent antipsychotics have 
clearly been associated with NMS in clinical reports, the incidence of NMS has 
been less than with haloperidol and older antipsychotics in reviews and database 
studies [12, 17, 21, 41, 42]. However, a possible signal of relative risk has been 
reported for aripiprazole in two of three retrospective studies [17, 21, 43]. In 
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addition, clinical manifestations of NMS associated with newer antipsychotics, 
especially clozapine, have often been described as atypical, with less severe and 
prominent neurological features of rigidity and tremor [43, 44]. Research on 
emerging agents that may have antipsychotic effects apart from dopamine-block-
ing mechanisms, e.g., pimavanserin [45] and trace amine-associated receptor-1 
agonists [46], could lead to further decline in risk of NMS and other drug-induced 
movement disorders.

NMS cases, including some that were fatal, have also been reported in associa-
tion with other dopamine-receptor blocking drugs prescribed by medical and surgi-
cal practitioners [22]. These include prochlorperazine, metoclopramide, droperidol, 
and promethazine [47, 48]. Haloperidol is also frequently used in medical and criti-
cal care settings for management of agitation and delirium. We believe that cases of 
NMS in these settings remain seriously under-reported and under-recognized [22, 
49, 50]. Tetrabenazine used to treat hyperkinetic movement disorders, e.g., 
Huntington’s disease, tardive dyskinesia, in addition to two other recently approved 
vesicular monoamine transporter-2 (VMAT-2) inhibitors (valbenazine and deutetra-
benazine), may increase the risk of NMS by presynaptic dopamine depletion [51]. 
Rare cases of NMS have been reported primarily with tetrabenazine, which also has 
weak dopamine-receptor blocking properties, but it is possible that combinations of 
dopamine depleting and dopamine-receptor blocking drugs could act synergisti-
cally in triggering NMS.

NMS is not a result of overdosage with antipsychotics, usually occurring within 
the therapeutic range. However, several studies have suggested that patients who 
develop NMS are more likely to have received relatively higher doses, more rapid 
titration, more parenteral injections, and polypharmacy with multiple antipsychot-
ics compared to controls [14, 15]. The relative risk of NMS with long-acting depot 
antipsychotics has been controversial, with some concerns regarding greater inci-
dence or a more prolonged course. However, a recent report found no association 
between depot administration and NMS in general, except for the use of older first- 
generation depot antipsychotics, primarily flupenthixol [17]. A recent report from a 
company clinical trial database of only one case of NMS among 5008 patients 
treated with long-acting depot paliperidone was indeed complicated by concurrent 
treatment with flupenthixol [52]. It is currently unknown whether or not adjunctive 
or concomitant medications (e.g., antiparkinsonian drugs, benzodiazepines, or lith-
ium) increase or decrease the risk of NMS. Recently, the FDA required manufactur-
ers of antidepressants to add a warning to their package labeling about NMS-like 
reactions associated with these drugs when used either alone or in combination with 
antipsychotics. Concurrent administration of antipsychotics and other drugs, includ-
ing lithium, SSRIs, or SNRIs may increase the risk of NMS, but alternatively these 
events could be instances of serotonin syndrome [53]. It is important to realize that 
the association of these risk factors with rare cases of NMS does not outweigh the 
benefits of antipsychotic therapy for the vast majority of patients for whom they are 
properly indicated [9].
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 Pathophysiology

Although the lack of an accepted animal model of NMS has limited efforts to 
clarify mechanisms, several lines of clinical evidence support a reduction in 
dopamine activity in the brain as the trigger underlying NMS [8, 54]. All drugs 
implicated in NMS share the property of dopamine-receptor blockade. Clinical 
studies indicate that the risk of NMS correlates with dose, potency, rate, and 
route of administration of dopamine antagonists [14]. Dopaminergic drugs have 
been administered empirically and found to be effective therapy for NMS in 
some studies [55–57]. Most convincingly by analogy, patients with Parkinson’s 
disease have developed a syndrome that is indistinguishable from NMS follow-
ing abrupt withdrawal of dopamine agonists or levodopa known as the parkin-
sonism-hyperpyrexia syndrome. Patients with lesions interrupting dopamine 
pathways have developed a syndrome of akinetic mutism and hyperthermia 
resembling NMS. Studies of neurotransmitter metabolites in cerebrospinal fluid 
obtained from patients with acute NMS reveal central dopamine hypoactivity as 
a possible trait marker for NMS, based on comparatively low concentrations of 
the dopamine metabolite homovanillic acid [58, 59]. A few preliminary studies 
have also suggested abnormalities in dopamine- receptor genes of patients who 
recovered from NMS episodes, although results have not been consistently rep-
licated [8]. Studies of clinical correlates of frontal- subcortical circuits provide a 
framework within which individual NMS symptoms may be mapped to perturba-
tions in specific dopamine pathways [54]. Finally, changes in dopamine path-
ways in response to stress may be implicated as an additional state-related 
cofactor involved in the triggering of NMS [54].

Although the evidence for a central role of dopaminergic mechanisms in the 
pathophysiology of NMS is persuasive, other primary or secondary mechanisms 
have been proposed. These include a relative excess of glutaminergic transmission 
secondary to dopamine blockade, effects of low serum iron on dopamine receptor 
function, effects of reduced activity of gamma aminobutyric acid, and dysregulation 
of the sympathetic nervous system [29, 54, 59–61]. Finally, even though NMS and 
malignant hyperthermia induced by anesthetics (MH) differ in initial pharmaco-
logic triggering mechanisms—MH attributed to a primary pharmacogenetic defect 
in skeletal muscle rather than a centrally driven process in NMS—their similar 
clinical presentations as hypermetabolic syndromes suggest potential parallels. 
Clinical reports of NMS episodes following administration of antipsychotics in 
patients with MH susceptibility, pre-existing myopathies, or unexplained CK eleva-
tions lend support to overlapping or convergent mechanisms between NMS and MH 
[8, 22, 62, 63]. Although nonspecific, the effect of dantrolene in reducing skeletal 
muscle metabolism and heat production has been beneficial in NMS as well as MH 
crises [55, 56, 64–66]. This clinical evidence combined with reported pharmaco-
logic effects of antipsychotics on CK levels, membrane permeability, calcium regu-
lation and contractility in skeletal muscle are intriguing and merit further 
investigation [67].
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 Clinical Characteristics

 Prodromal Signs

In addition to the development of reliable risk factors, it would be useful to identify 
early signs of NMS in order to abort the progression of the syndrome by discontinu-
ing triggering drugs. Although occasional cases of NMS may have a fulminant 
onset within hours after drug administration, the initial progression of symptoms is 
usually insidious, occurring over days. Neurologic signs of muscle rigidity and 
altered mental status occur early, followed by autonomic changes and hyperthermia; 
in over 80% of cases in which a single presenting sign was reported, rigidity or 
mental status changes constituted the initial manifestation [68]. 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 CK elevations. Clinicians should be 
prepared to diagnose NMS early and to document the rationale for cessation versus 
continuation of antipsychotic therapy. However, these early signs are not specific 
for NMS, do not necessarily progress to NMS, and do not invariably precede the 
syndrome [7].

 Signs and Symptoms

Clinical features of NMS are listed in Table 6.1. NMS may be conceptualized as a 
form of drug-induced hyperthermia or hypermetabolism, usually associated with 
profuse sweating. Extreme temperature elevations represent a medical emergency 

Table 6.1 Clinical features of NMS

Administration of dopamine-receptor blocking agents
Signs and symptoms
   Hyperthermia (>38 °C)
   Muscle rigidity ± cogwheeling
   Tremor and myoclonus
   Mental status changes (stupor, mutism, and delirium)
   Autonomic instability (tachycardia and labile blood pressure)
   Tachypnea and dyspnea
   Diaphoresis, sialorrhea, and incontinence
   Dysarthria and dysphagia
Associated laboratory findings
   Muscle enzyme elevations (CK, LDH, transaminases, and aldolase), myoglobinuria, 

leukocytosis, metabolic acidosis, hypoxia, low serum iron, elevated serum catecholamines, 
and slowing on EEG

Complications
   Cardiorespiratory arrest, acute renal failure, rhabdomyolysis, pulmonary emboli, aspiration 

pneumonia, disseminated intravascular coagulation, limb contractures, and ischemic brain 
damage

Exclusion of other central, systemic, and toxic causes of hyperthermia
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and predispose to complications, including irreversible brain damage if not reduced 
immediately. There are few disorders that result in extreme elevations in tempera-
ture, signifying an underlying disruption of thermoregulatory systems, as occurs in 
NMS due to drug effects on hypothalamic centers; thus, the diagnosis of NMS is 
more likely in a patient with very high temperatures, whereas the differential diag-
nosis in a patient with low-grade temperature elevations is quite broad. Generalized 
rigidity, often described as “lead-pipe,” is a core feature of NMS and is usually 
associated with rhabdomyolysis. Cogwheeling, spontaneous and action myoclonus 
of multifocal distribution, and tremors are often described, along with other move-
ment disorders. Mental status changes include clouding of consciousness ranging 
from stupor to coma, delirium, or new-onset catatonia. The classic NMS patient 
appears awake but dazed, stuporous, and mute. Autonomic activation and instability 
are common, manifested by tachycardia, oscillations in blood pressure, and tachy-
pnea. The extent and severity of symptoms may vary significantly between 
individuals.

 The classic appearance of a patient with NMS is a dazed, stuporous, 
mute patient, with high fever, generalized rigidity, and autonomic instability.

 Laboratory Evaluation

Although several laboratory abnormalities have been reported in NMS, none are 
specific or pathognomonic for the diagnosis [8]. Instead, a comprehensive labora-
tory evaluation is essential in excluding other causes of hyperthermia and detecting 
medical illnesses. Serum CK is usually moderately elevated in up to 90% of cases 
but occasionally reaches extraordinary levels reflecting massive rhabdomyolysis 
[66, 69]. Rhabdomyolysis is multifactorial in origin, stemming from rigidity, immo-
bility, hyperthermia, ischemia, and possibly direct drug effects on skeletal muscle. 
Although elevations in CK 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 renal failure. Rhabdomyolysis is also manifested by increases in serum myo-
globin, aldolase, transaminases, and lactic acid dehydrogenase concentrations. 
Other frequently described laboratory abnormalities include metabolic acidosis, 
hypoxia, decreased serum iron concentrations, elevated serum catecholamines, 
electrolyte abnormalities, leukocytosis with or without a left shift, and coagulopa-
thies including those associated with disseminated intravascular coagulation.

Nonfocal generalized slowing on EEG, consistent with encephalopathy, has been 
reported in over half of NMS cases [40]. Brain imaging studies, cerebrospinal fluid 
examination, and sepsis evaluation are typically negative, allowing for the exclusion 
of other causes of fever and neurologic deterioration [40]. A few patients with NMS 
have recently been reported to exhibit reversible MRI lesions with transiently 
restricted diffusion in the splenium of the corpus callosum [70]. These radiological 
findings resolved after recovery and appear to represent a nonspecific “splenial 
lesion syndrome” associated with diverse causes of encephalopathy. In a recent 
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study, a patient with NMS showed significant reduction in caudate and putamen 
binding of the presynaptic dopamine transporter on single-photon emission com-
puterized tomography, suggesting the possibility of diagnostic imaging if further 
replicated [71].

 Diagnostic Criteria

Although a number of rating scales and diagnostic criteria have been proposed [8, 
72, 73], the degree of agreement between them is only modest [74]. To address this 
issue, an international, multispecialty panel of NMS experts was convened recently 
to reach a consensus using a standardized Delphi process to identify the clinical 
features that are most valuable in making a diagnosis of NMS and to develop a 
priority point scoring system to quantify the relative importance of each criterion 
(Table 6.2) [75]. The key features of NMS that were agreed upon included: expo-
sure to a dopamine antagonist or dopamine agonist withdrawal, within the past 
72 h; hyperthermia (>100.4 °F or >38.0 °C on at least two occasions, measured 
orally); muscle rigidity; mental status alteration (reduced or fluctuating level of 
consciousness); CK elevation (at least four times upper limit of normal); evidence 
of sympathetic nervous system lability and hypermetabolism; and a negative work-
up for infectious, toxic, metabolic, or other neurologic causes. In a subsequent 
validation study comparing the International Expert Consensus (IEC) criteria with 
DSM-IV-TR and consultant opinions on 221 clinician-initiated calls to a national 

Table 6.2 International Expert Consensus NMS Diagnostic Criteria [75]

Diagnostic criterion
Priority 
score

Exposure to dopamine antagonist, or dopamine agonist withdrawal, within past 
72 h

20

Hyperthermia (>100.4 °F or >38.0 °C on at least two occasions, measured orally) 18
Rigidity 17
Mental status alteration (reduced or fluctuating level of consciousness) 13
CK elevation (at least four times upper limit of normal) 10
Sympathetic nervous system lability, defined as at least two of the following: 10
   Blood pressure elevation (systolic or diastolic ≥25% above baseline)
   Blood pressure fluctuation (≥20 mmHg diastolic change or ≥25 mmHg systolic 

change within 24 h)
   Diaphoresis
   Urinary incontinence
Hypermetabolism, defined as heart rate increase (≥25% above baseline) and 
respiratory rate increase (≥50% above baseline)

5

Negative work-up for infectious, toxic, metabolic, and neurologic causes 7
Total 100

Reprinted with permission from Gurrera et al. [76]. https://journals.lww.com/psychopharmacol-
ogy/toc/2017/02000
CK creatine kinase
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telephone consultation service (www.nmsis.org), a threshold score of 74 achieved 
the highest agreement (sensitivity, 69.6%; specificity, 90.7%) [76].

 Clinical Course and Outcome

NMS results from neurochemical changes induced by antipsychotics or other 
dopamine- receptor blockers during the initial stages of treatment or after dosages 
are increased. In a review by Caroff and Mann [40], 16% of patients developed 
NMS within 24  h of initiating neuroleptic treatment, 66% by 1  week, and 96% 
within the first 30 days. It would be unusual for NMS to develop later than 1 month 
after treatment initiation, unless the dose was increased or another antipsychotic 
was added. Only 4% of reported cases developed NMS beyond 30 days. Conversely, 
once antipsychotics were discontinued, NMS is self-limited barring complications. 
Following discontinuation of oral antipsychotics, the mean recovery time has been 
estimated at 7–10 days [7]. About 63% of patients recover within 1 week and nearly 
all within 30 days [40].

In some cases, the course of NMS may be prolonged. For example, patients 
receiving long-acting depot antipsychotics may remain ill nearly twice as long [7]. 
Occasional patients may develop a residual catatonic-parkinsonian state that can 
persist for weeks to months if left untreated after the acute hyperthermic and hyper-
metabolic symptoms of NMS subside [77]. Although dopamine agonists and benzo-
diazepines have been advocated for treatment of this residual state, electroconvulsive 
therapy (ECT) appears to be more rapidly effective with reduced mortality in 
reported series [77]. Early diagnosis and intervention have contributed to a decline 
in the mortality rate, but not all patients recover from NMS. 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. Persistent 
clinical sequelae of NMS are rare in patients who recover. However, cases of amnes-
tic syndromes, extrapyramidal and cerebellar disorders, peripheral neuropathy, 
myopathy, and contractures have been reported.

 Evaluation and Differential Diagnosis

The differential diagnosis of NMS encompasses a broad range of disorders present-
ing with encephalopathy, neurological signs, and fever, necessitating a thorough 
medical and neurologic evaluation. Despite careful investigation, the cause of the 
syndrome in some patients may remain unclear or reflect multiple determinants. 
Other disorders that can resemble NMS include primary 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 [7, 8].
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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 
administration of antipsychotics [24, 28]. Behavioral symptoms typical of orbito-
frontal lobe (lability, disinhibition, and akinetic mutism) and temporal lobe (rage, 
terror, fear, and foreboding) syndromes that are uncharacteristic of psychiatric dis-
orders were observed in the first patient and with subtle focal neurological signs 
may serve as “red flags” for underlying encephalitis in such cases [27]. Most often, 
a causative pathogen is not identified, or these cases are found to represent autoim-
mune or paraneoplastic encephalitides [78]. Recent reports of anti-N-methyl-D-
aspartate receptor (NMDAR) encephalitis have renewed interest in the possibility 
that patients with this or other forms of encephalitis have antipsychotic sensitivity 
[26, 27]. These observations led us to underscore the importance of considering 
encephalitis in the differential diagnosis of patients who present with the new onset 
of psychosis and develop NMS after treatment with antipsychotics. Such cases 
imply that encephalitic patients in general may be at increased risk for NMS and 
other drug-induced movement disorders.

 Patients with NMDA receptor-mediated encephalitis are likely at 
greater risk for developing NMS.

Advanced stages of psychotic disorders associated with excited or stuporous 
catatonia (delirious mania or malignant catatonia) can progress to exhaustion, 
hyperthermia, and death [79, 80]. Although the incidence of malignant catatonia has 
decreased, it still occurs and can be indistinguishable from NMS. Indeed, NMS has 
been conceptualized as a drug-induced iatrogenic form of malignant catatonia. In 
either NMS or malignant catatonia, antipsychotics should be discontinued because 
most NMS episodes are self-limited and should subside within 2 weeks after drug 
discontinuation, and in idiopathic malignant catatonia, antipsychotics appear to be 
ineffective and even detrimental. In contrast, ECT appears to be the treatment of 
choice in malignant catatonia and may be effective in NMS as well [57, 81].

In relation to systemic disorders, patients with common and benign forms of anti-
psychotic-induced parkinsonism or catatonia may develop fever from coincident 
infections or dehydration and be mistakenly diagnosed as having NMS. Antipsychotics 
have also been associated with rhabdomyolysis alone without other features of NMS, 
and the relationship between these two drug-induced phenomena is unclear. 
Hyperthermia may be observed in patients with thyrotoxicosis and pheochromocy-
toma, 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 neurologic signs. Cases of NMS-like episodes responsive to dantrolene 
in diabetic patients with hyperglycemic hyperosmolar syndrome have been reported, 
especially in children [82, 83]. Exertional or classic heatstroke may develop in patients 
during hot weather and may be confused with NMS [84]. Furthermore, antipsychotic 
treatment may predispose to heatstroke by blocking thermoregulatory heat loss path-
ways. Unlike NMS, muscle rigidity is unusual in heatstroke.

Diverse toxins and drugs have been associated with hyperthermia and must be 
considered in the differential diagnosis of NMS.  Volatile anesthetics and 
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succinylcholine are associated with MH during surgery, which can be confused with 
NMS if antipsychotics are administered perioperatively [22]. Although NMS has 
been reported before and after surgery, it appears unlikely to develop intraopera-
tively in contrast to MH. 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 that does not respond to paralyz-
ing agents.

Abrupt withdrawal of levodopa or dopamine agonists in patients with Parkinson’s 
disease has resulted in the parkinsonism-hyperpyrexia syndrome indistinguishable 
from NMS, reflecting the same mechanism of acute dopamine deficiency [85]. A 
similar syndrome has been observed after device failure or explantation of deep 
brain stimulation devices in Parkinson’s disease patients [86]. Abrupt discontinua-
tion of oral or intrathecal administration of the GABAergic agent, baclofen, can 
produce a similar syndrome, which has also been observed after intrathecal instilla-
tion of contrast materials. Illegal stimulants (amphetamines, 3,4- methylenedioxym
ethamphetamine, and cocaine) 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 fever 
without rigidity. Withdrawal states, such as delirium tremens, can also be difficult to 
distinguish from NMS, especially if antipsychotics have been administered to con-
trol agitation or psychotic symptoms. Increasingly, chemicals and supplements 
obtained “over-the-internet” (2,4-dinitrophenol, cathinones) have induced NMS- 
like toxic syndromes. Finally, serotonin syndrome is often considered in the differ-
ential of NMS and has been increasingly reported in association with serotonergic 
agents introduced for the treatment of depression or migraine headaches, and sub-
sequently expanded to use in many disorders [87]. Although serotonin syndrome 
can present as an NMS-like hypermetabolic state in its most severe form associated 
with monoamine oxidase inhibitors (including antidepressants, linezolid, methy-
lene blue, and St. John’s wort), 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 other 
conditions. It is unusual for MH to occur postoperatively and, therefore, MH was an 
unlikely diagnosis in this case. In contrast, NMS has been reported in the context of 
antipsychotic treatment of postoperative agitation. Furthermore, this patient was 
alcohol dependent raising the possibility of a withdrawal reaction. Although CK 
elevations can be observed in alcoholics as well as in patients with NMS, 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 after antipsychotics are 
administered [8]. Both clinical vignettes illustrate the fact that NMS is a diagnosis 
of exclusion, stemming from antipsychotic-induced effects on the brain.

 NMS is a diagnosis of exclusion, requiring a high index of suspicion. 
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 Treatment

The mainstay of treatment of NMS includes risk reduction, early diagnosis, cessa-
tion of dopamine-receptor blocking medications (and/or dopamine depleting medi-
cations), and provision of intensive medical and nursing care [9, 57]. There is less 
evidence and consensus concerning the comparative efficacy of specific pharmaco-
logic agents and ECT in the treatment of NMS. This derives from the fact that with 
early recognition and prompt cessation of antipsychotics, NMS is a self-limited 
disorder in most cases, regardless of the specific therapy that is employed. 
Furthermore, there are no controlled treatment trials. It is difficult to compare any 
specific treatments because NMS is rare, self-limited, heterogeneous and unpredict-
able in onset, progression, and outcome. Nevertheless, there are rational theories 
and empirical clinical data that lead to consideration of specific pharmacologic 
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 
severity of clinical signs and symptoms (Table 6.3) [9, 57, 88]. In many cases, sup-
portive care alone after drug cessation with close monitoring for progression of 
symptoms or complications may be sufficient until recovery occurs. While anticho-
linergic drugs are effective in relieving drug-induced parkinsonism, they impair 
heat loss by sweating and are therefore contraindicated in NMS. Benzodiazepines 
are effective in reversing catatonia, easy to administer, and can be tried initially in 
most cases. Trials of bromocriptine, amantadine, or other dopamine agonists may 
be a reasonable next step in patients with moderate symptoms of NMS that include 
prominent parkinsonian signs, or when withdrawal of dopamine agonists (e.g., 
amantadine) are implicated as an etiology [89]. Although amantadine enhances 
dopamine transmission, it is also a noncompetitive NMDA receptor antagonist that 
may be its predominant effect at therapeutic doses [90]. When severe symptoms 
render treatment by the oral route impractical, nasogastric tube access, intravenous, 
or subcutaneous administration of dopamine agonists, e.g., lisuride or apomorphine, 
may be an option [91]. In addition, newer dopamine agonists developed for trans-
dermal delivery may facilitate administration of dopaminergic drugs under extreme 
circumstances (e.g., rotigotine).

 Anticholinergics are contraindicated in NMS.
Dantrolene appears to be beneficial primarily when significant rigidity and severe 

hyperthermia develop as manifestations of a full-blown hypermetabolic state [55, 
56, 64–66]. As an inhibitor of skeletal muscle rigidity and hypermetabolism by 
enhancing sequestration of calcium in sarcoplasmic reticulum via the ryanodine 
receptor, dantrolene has been associated with rapid reduction of extreme tempera-
ture elevations in many clinical reports. None of the above medications have been 
reliably effective in all reported NMS cases in which they have been administered, 
and they are often administered in more severe or refractory cases after supportive 
management has failed to reduce symptoms [92]. Furthermore, positive drug effects 
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are usually reported during the first few days of treatment of NMS, whereas delayed 
administration is unlikely to produce a response.

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 malig-
nant catatonia cannot be excluded, if NMS symptoms are refractory to other mea-
sures, in patients with prominent catatonic features, and in patients who develop a 
residual catatonic-parkinsonian state or remain psychotic after NMS has resolved 
[57, 77, 79, 81].

Among patients who recover from NMS, there may be a 30% risk of recurrent 
episodes following subsequent antipsychotic rechallenge [7]. However, the majority 

Table 6.3 Proposed treatment algorithm for NMS [9]

Woodbury 
stage [88]

Clinical 
presentation Supportive care

First-line 
interventions

Second-line 
interventions

Stage I: 
drug-induced 
parkinsonism

Rigidity; 
tremor

Discontinue, 
reduce or switch 
antipsychotics

Anticholinergic 
agents

Stage II: 
drug-induced 
catatonia

Rigidity; 
mutism; stupor

Discontinue, 
reduce, or switch 
antipsychotics

Lorazepam (1–2 mg 
i.m. or i.v. every 
4–6 h)

Stage III: 
mild or early 
NMS

Mild rigidity; 
catatonia or 
confusion; 
temperature 
>38 °C 
(100.4 °F); 
heart rate 
>100 bpm

Discontinue 
antipsychotics; 
carefully monitor 
for progression; 
correct risk 
factors

Lorazepam (1–2 mg 
i.m. or i.v. every 
4–6 h)

Stage IV: 
moderate 
NMS

Moderate 
rigidity; 
catatonia or 
confusion; 
temperature 
38–40 °C 
(100.4–
104 °F); heart 
rate 
100–120 bpm

Discontinue 
antipsychotics, 
manage fluids, 
initiate cooling 
measures, correct 
risk factors, 
provide intensive 
care

Lorazepam (1–2 mg 
i.m. or i.v. every 
4–6 h), 
bromocriptine 
(2.5–5 mg p.o. or by 
nasogastric [NG] 
tube every 8 h), or 
amantadine (100 mg 
p.o. or by NG tube 
every 8 h)

Consider 
electroconvulsive 
therapy (6–10 
bilateral 
treatments)

Stage V: 
severe NMS

Severe rigidity; 
catatonia or 
coma; 
temperature 
>40 °C 
(104 °F); heart 
rate >120 bpm

Discontinue 
antipsychotics, 
manage fluids, 
initiate cooling 
measures, correct 
risk factors, 
provide intensive 
care

Dantrolene 
(1–2.5 mg/kg i.v. 
every 6 h. for 48 h), 
bromocriptine 
(2.5–5 mg p.o. or by 
NG tube every 8 h), 
or amantadine 
(100 mg p.o. or by 
NG tube every 8 h)

Consider 
electroconvulsive 
therapy (6–10 
bilateral 
treatments)

Reprinted with permission from American Journal of Psychiatry (Copyright ©2013). American 
Psychiatric Association. All Rights Reserved
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of patients who require antipsychotic therapy can be safely treated, provided pre-
cautions are taken. Reports of previous NMS episodes should be checked for accu-
racy, indications for antipsychotics clearly documented, alternative medications 
considered, informed consent discussed with, obtained and documented from 
patients and families, risk factors reduced, at least 2 weeks allowed to elapse follow-
ing recovery before rechallenge, low doses of low potency conventional antipsy-
chotics or newer antipsychotics titrated gradually after a test dose, and patients 
carefully monitored for incipient signs of NMS.

 Patients who have experienced an episode of NMS are at increased 
risk for a second episode after antipsychotic rechallenge.

Additional resources on NMS can be obtained from the Neuroleptic Malignant 
Syndrome Information Service (NMSIS; www.nmsis.org).

 Conclusion

Antipsychotics and other dopamine-receptor blocking agents are highly effective 
and safe medications that have achieved widespread use in medicine and psychiatry. 
However, they have been associated with NMS in about 0.02% of patients who 
receive them. Significant progress has been achieved in recognizing, managing, and 
understanding this drug reaction since it was first described over 60  years ago. 
Introduction of newer antipsychotics with reduced liability for neurological side 
effects, conservative prescribing guidelines, reduction of proposed risk factors, and 
education of staff has reduced the incidence of this disorder. Early diagnosis, cessa-
tion of dopamine-receptor blockers or dopamine depletors, prompt medical inter-
vention, and consideration of specific remedies can reduce morbidity and mortality 
when NMS occurs. It is essential for all physicians and other providers to become 
familiar with the diagnosis and treatment of this uncommon but potentially lethal 
drug reaction.
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Malignant Catatonia
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 Patient Vignette

A 27-year-old female with bipolar disorder had been off psychiatric medications for 
6 months. One week prior to admission, she developed elevated mood, pressured 
speech, and flight of ideas. She grew markedly agitated, talked constantly, paced 
relentlessly, and refused food or drink. On admission, she was confused and 
intensely hyperactive with periods of hostile verbal outbursts and responded to 
auditory hallucinations. She exhibited muscular rigidity, posturing, echolalia, and 
echopraxia. Temperature was 39 °C with tachycardia, tachypnea, profuse diaphore-
sis, and blood pressure of 170/120 mm Hg. Laboratory abnormalities showed leu-
kocytosis and elevation in creatinine phosphokinase (CK). Lumbar puncture, EEG, 
and CT scan of the head were normal. Over the next 24 h, she lapsed into stupor 
with increased rigidity and a fever of 40.2 °C. The diagnosis of malignant catatonia 
associated with a manic episode was made and electroconvulsive therapy (ECT) 
initiated. Body temperature and other vital signs returned to normal after the first 
bilateral ECT treatment. She received one bilateral ECT treatment daily for the next 
5  days with three more over the next week with marked improvement in all 
symptoms.
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 Introduction

Catatonia is a syndrome of striking motor and behavioral abnormalities that may 
occur in association with diverse neuromedical, drug-induced, and psychiatric ill-
nesses. Furthermore, catatonia may be conceptualized as a continuum, with milder 
forms at one end (termed simple or benign) and more severe forms, involving hyper-
thermia and autonomic dysfunction (termed malignant), at the other [1]. In 1934, 
Stauder [2] described lethal catatonia characterized by extreme motor excitement 
followed by stuporous exhaustion, coma, cardiovascular collapse, and death. The 
entire course involved progressive hyperthermia, autonomic dysfunction, clouding 
of consciousness, and prominent catatonic features. In cases ending in death, the 
paucity of findings was puzzling and in sharp contrast to the catastrophic clinical 
manifestations. In fact, this disorder had been discussed previously by Calmeil 
(1832) [3] and Bell (1849) [4] and was the subject of numerous North American and 
foreign publications during the pre-antipsychotic drug era. Other names used to 
describe this same disorder included Bell’s mania, acute delirious mania, delirium 
acutum, delire aigu, psychotic exhaustion syndrome, and Scheid’s cyanotic syn-
drome, among others [5–8]. More recently, stressing that not all cases are fatal, 
Philbrick and Rummans [1] have promulgated the term malignant catatonia (MC).

In this chapter, we review the historical and modern world literature on MC. On 
the basis of this review, we conclude that MC represents a currently under- recognized 
but potentially fatal neuropsychiatric disorder. Our data indicate that MC, like 
benign catatonia, represents a syndrome rather than a specific disease that may 
occur in association with diverse neuromedical illnesses as well as with psychiatric 
disorders. Current data suggest that a substantial proportion of MC cases previously 
attributed to schizophrenia were more likely linked to autoimmune encephalitis, 
particularly anti-N-methyl-D-aspartate receptor (NMDAR) encephalitis [9]. 
Neuroleptic malignant syndrome (NMS), a life-threatening complication of anti-
psychotic drug treatment [6, 10], may be viewed as an antipsychotic drug-induced 
toxic or iatrogenic subtype of MC. The hypothesis that simple catatonia, MC, and 
NMS share a common pathophysiology involving reduced dopaminergic neuro-
transmission within the basal ganglia-thalamocortical circuits underscores their 
identity as variants of a larger unitary catatonic syndrome. Recognition of the clini-
cal features of MC and an appreciation of its diverse etiologies are essential for the 
effective management of patients who develop this catastrophic reaction.

 Clinical Presentation: Pre-antipsychotic Drug Era

Despite the diversity of nomenclature, there is considerable consistency to early 
accounts of MC [5–8]. A prodromal phase was observed in most but not all cases, 
lasting an average of 2 weeks, and involved insomnia, anorexia, and labile mood. In 
roughly 90% of cases, the disease proper began with a phase of intense motor 
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excitement that then continued almost without interruption (as exemplified by the 
Patient Vignette). Features of this excited phase included refusal of foods and fluids, 
clouding of consciousness, tachycardia, tachypnea, cyanosis, labile or elevated 
blood pressure, and profuse perspiration. Acrocyanosis and spontaneous hemato-
mas of the skin were frequently noted. At times, excitement might be interrupted by 
periods of catatonic stupor and rigidity. Other catatonic signs, such as mutism, cata-
lepsy, posturing, echolalia, and echopraxia were often present. Thought processes 
became increasingly disorganized and speech grew progressively incoherent. 
Auditory and visual hallucinations accompanied by bizarre delusions were fre-
quently prominent.

In this “classic” excited phase of MC, excitement was always associated with 
hyperthermia that could attain levels approaching 43.3 °C prior to the final stupor-
ous phase of MC. This presentation differs phenomenologically from NMS in that 
although NMS is often preceded by a period of hyperactivity, hyperthermia first 
emerges concomitantly with, or shortly after, the onset of stupor and rigidity. The 
excited phase of MC was noted to vary in duration but lasted an average of 
8 days [11].

In the final phase of MC, excitement gave way to stuporous exhaustion and 
extreme hyperthermia, often followed by coma, cardiovascular collapse, and death 
[5]. In all of Stauder’s 27 cases [2], rigidity of the skeletal muscles was described 
during this terminal stupor, similar to that seen in NMS. Although other accounts of 
MC echoed the findings of Stauder, some reports described flaccid muscles in con-
trast to NMS [6]. About 10% of cases reported during the pre-antipsychotic drug era 
involved hyperthermia and a primarily stuporous course unassociated with a pre-
ceding hyperactive phase. During the pre-antipsychotic drug era, MC was reported 
fatal in 75–100% of cases [5]. It was observed to occur predominantly in young 
adults between the ages of 18 and 35 and involved women roughly seven times 
more often than men. During this period, MC was estimated to account for 
0.25–3.5% of admissions to psychiatric hospitals and occurred with equal frequency 
throughout the seasons [5]. Stauder [2] and others reported findings consistent with 
a familial pattern of occurrence.

Kraepelin [12], who called this disorder delirium acutum, considered it a non-
specific syndrome that could occur as an outgrowth of neuromedical illness as well 
as the major psychoses. In contrast, most early French authors viewed MC as an 
unusual but deadly form of encephalitis preferentially involving the hypothalamus 
[13]. Subsequent to Stauder’s [2] publication, however, MC was increasingly seen 
as confined to the major psychoses, although Stauder himself never fully dismissed 
the possibility 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 CNS 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.
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 Contemporary Presentation

In 1986, we conducted a computerized search of the PubMed database and identi-
fied 292 MC cases reported between 1960 and 1985 [5]. In 2013 [8], we added 107 
cases found in the literature between 1986 and 2010 and reported on the total 399 
cases identified over a 50-year period. Since then, we have reviewed 105 cases pub-
lished between 2011 and 2020 [14–113], thus extending our series to 504 MC cases. 
Most patients had received antipsychotic drugs at some point during their treatment. 
All cases involved hyperthermia, since its presence is required for a diagnosis of MC.

Gender was specified in 450 of the full series of 504 MC cases; in 280 (62%) of 
the cases, the patient was a female. This indicates that women continue to be dispro-
portionately affected, although the trend now appears somewhat moderated com-
pared to the pre-antipsychotic drug era. Mean age of occurrence was 32, compared 
with 25 during the pre-antipsychotic drug era. Mortality, which had exceeded 75% 
during the pre-antipsychotic drug era and was still at 60% between 1960 and 1985, 
has fallen to 10% in cases reported between 1986 and 2020. This decline in mortal-
ity is striking and presumably reflects enhanced awareness of MC, early diagnosis, 
and rapid institution of appropriate treatment. Nevertheless, MC continues to repre-
sent a potentially lethal disorder. MC has been estimated to occur in 0.07% of psy-
chiatric admissions or annually in 0.0004% of community adults [5].

Table 7.1 summarizes the clinical features of MC. Along with catatonic stupor 
and hyperactivity, they have hyperthermia, altered consciousness, and autonomic 
instability manifested by diaphoresis, tachycardia, labile or elevated blood pressure, 
and varying degrees of cyanosis. Catatonic signs aside from stupor and excitement 
continue to be noted. One large series [114] identified 62 patients with psychogenic 
MC and reported that each exhibited at least three catatonic features. In our most 

Table 7.1 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, and staring)
   Muscular rigidity (variable)
   Altered consciousness
   Autonomic instability
    Profuse diaphoresis
    Tachycardia
    Labile or elevated blood pressure
    Tachypnea and cyanosis (variable)
Positive laboratory findings
   Most consistent-CPK elevation, leukocytosis
   Less consistent low serum iron levels, elevated serum creatinine, hyponatremia, 

hypernatremia, dehydration, lymphocytic pleocytosis, EEG-generalized slowing, epileptic 
activity, delta brush, MRI hyperintensities in cortical and subcortical brain regions

Outgrowth of diverse neuromedical, drug-induced, and psychiatric conditions

Copyright 2005, Humana Press Inc. (adapted from [7] with permission)
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recent 105 MC cases, muscle rigidity was present in 64 of the 79 (81%) cases in 
which muscle tone was characterized. Among these recent cases, CK was elevated 
in 41 of the 48 patients (85%) and leukocytosis was present in 19 of 35 (54%). A 
reduction in serum iron, which has been associated with both MC and NMS [115], 
was reported in the single case in which serum iron level was measured.

In 60 (15%) of the 399 MC cases reported during the 50-year period between 
1960 and 2010 [8], a neuromedical illness was believed to have initiated the full 
syndromic picture of MC. Infectious causes predominated, in particular, acute and 
postinfectious viral encephalitis and bacterial septicemia with cerebrovascular dis-
orders, normal pressure hydrocephalus, and various metabolic and toxic disorders 
accounting for additional cases. Two cases were associated with anti-NMDAR 
encephalitis and two with paraneoplastic limbic encephalitis. This 15% figure for 
organic MC was similar to that found in our previous reports [5–8], as well as in 
surveys of simple or benign organic catatonia in general hospital settings [116]. 
During the 50-year period between 1960 and 2010, 339 (85%) of the 399 MC cases 
reported were considered the outgrowth of a psychiatric disorder, diagnosed as 
schizophrenia in 127 cases, mania in 22 cases, major depression in 31 cases, psy-
chotic disorder not otherwise specified in 22 cases, and “periodic catatonia” in 
10 cases.

However, our most recent 105 MC cases reported during the nine years between 
2011 and 2020 differ markedly in this regard. Eighty of 105 (76%) are now attrib-
uted to neuromedical illness whereas only 25 (24%) are associated with a psychiat-
ric disorder. Table 7.2 lists the causes associated with these 105 MC cases. Symptom 
profiles and neurodiagnostic findings in these most recent cases contrast distinctly 
with those of our earlier reports. For example, seizures, observed in only 14 of the 
399 cases (3%) prior to 2010, were reported in 38 of the most recent 105 MC cases 
(36%). Findings rarely seen in earlier cases included cerebrospinal fluid lympho-
cytic pleocytosis (27%), abnormalities on electroencephalography (slowing, epilep-
tic activity, and delta brush) (73%), and abnormalities on magnetic resonance 
imaging (hyperintensities in cortical or subcortical brain regions) (18%).

Two principle factors appear to account for this recent inversion in the ratio of 
neuromedical to psychiatric MC cases: a decline in cases attributed to schizophrenia 
and a dramatic increase in cases due to autoimmune encephalitis, particularly 
NMDAR encephalitis. A critical observation regarding MC cases seen as an out-
growth of schizophrenia is that 117 of the 127 cases reported between 1960 and 
2010 appeared in the literature prior to 1985 [6]. Previously, we had cautioned that 
the frequent association of MC with schizophrenia may be spurious, resulting from 
a continued misconception that catatonic signs imply catatonic schizophrenia, a 
view more prominent at that time [5]. Furthermore, although methodologic limita-
tions preclude a definitive answer, studies using consistent diagnostic criteria over 
time support a true decrease in the incidence of benign or simple catatonic schizo-
phrenia [117, 118].

Anti-NMDAR encephalitis, first described in 2007, is a common and severe form 
of autoimmune encephalitis [9, 119]. It primarily involves young patients with a 
median age of 21 but can be seen at any age [120]. Like MC, it more commonly 
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affects women (80%), a percentage of whom will have an ovarian teratoma [121]. 
Early in its course, anti-NMDAR encephalitis possesses a remarkable capacity to 
mimic psychiatric disorders [122]. Dalmau et al. [123] reported that 77% of anti- 
NMDAR encephalitis cases were seen initially by a psychiatrist. Prompt recogni-
tion is critical as the condition is treatable and can be diagnosed serologically. 

Table 7.2 Etiologies of 105 malignant catatonia cases: 2011–2020

Psychiatric and neurodevelopmental disorders Reference(s)
   Schizophrenia—9 cases [14–22]
   Mania—6 cases [23–28]
   Major depressive disorder—5 cases [29–32]
   Brief psychotic disorder—2 cases [33, 34]
   Schizoaffective disorder—1 case [25]
   Autistic spectrum disorder—2 cases [25, 35]
Autoimmune disorders
   NMDA receptor encephalitis —40 cases [36–75]
   GABA-A receptor encephalitis—2 cases [76, 77]
   LGI1 receptor encephalitis—2 cases [37, 78]
   Progressive encephalomyelitis with rigidity and 

myoclonus—1 case
[79]

   Systemic lupus erythematosus—4 cases [80–83]
   Hashimoto’s encephalopathy—2 [84, 85]
   Sjogren’s syndrome—2 cases [86, 87]
Infectious disorders
   Viral encephalitis
    Dengue virus —1 case [88]
    Herpes simplex virus type 1—1 case [89]
    Unspecified—3 cases [90–92]
   Encephalitis lethargica —2 cases [93, 94]
   Mycoplasma pneumonia encephalitis —1 case [95]
   Neurobrucellosis encephalitis —1 case [96]
   Sepsis-associated encephalopathy—1 case [97]
Toxic and drug-related disorders
   Clozapine withdrawal—3 cases [98–100]
   Amantadine withdrawal—1 case [101]
   Lorazepam withdrawal—1 case [102]
   Dexamethasone induced—1 case [103]
   Lithium toxicity—1 case [104]
   Cocaine-induced leukoencephalopathy—1 cases [105]
   Bath salts abuse—1 case [106]
   Methadone overdose—1 case [25]
   Disulfiram overdose—1 case [107]
   3-methoxyphencyclidine intoxication—1 case [108]
   Synthetic cannabinoid intoxication—1 case [109]
   Cyclosporine A-related neurotoxicity—1 case [110]
   Parkinsonism-hyperpyrexia syndrome—1 case [111]
   Post-surgical-paroxysmal sympathetic hyperactivity—1 

case
[112]

   Surgical removal of lesion near hypothalamus—1 case [113]

Copyright 2019, Lancet Psychiatry (adapted from [125] with permission from Elsevier Ltd.), and 
Copyright 1986, American Journal of Psychiatry, American Psychiatric Association (adapted from 
[5] with permission)
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Gurrera [122] retrospectively identified 230 adult cases of anti-NMDAR encephali-
tis associated with prominent psychiatric symptoms and scored them for the pres-
ence of clinical features. Regarding the manifestations of MC, catatonic features 
were present in 45.7%, autonomic dysfunction in 45.7%, fever in 28.3%, and 
reduced arousal in 30%. This symptom profile clearly predicts that a certain per-
centage of anti-NMDAR cases with prominent psychiatric symptoms should meet 
criteria for MC. Frequently observed neurologic features included seizures (60.4%), 
orofacial dyskinesias (39.1%), dyskinesias involving other body parts (36.1%), 
memory disturbance (34.8%), and impaired language/aphasia (25.7%).

Other recent studies have explored the frequency of catatonia in anti-NMDAR 
encephalitis. Serra-Mestres and associates [121] retrospectively applied the Bush- 
Frances Catatonia Screening Instrument (BFCSI) to 189 anti-NMDAR encephalitis 
patients identified in a systematic literature search; catatonia was present in 60%. 
Additionally, autonomic dysfunction was found in 58% of patients who were cata-
tonic compared to 38% who were not. Furthermore, the first prospective study has 
now been conducted [124]. It assessed the presence of catatonia in 58 anti-NMDAR 
encephalitis patients entering an inpatient research unit using both the BFCSI and 
the Braunig Catatonia Rating Scales and identified catatonia in 70.6% of cases.

 Anti-NMDA receptor-mediated encephalitis is a frequent cause of 
malignant catatonia.

In a paper exploring evidence for immune dysregulation in catatonia, Rogers and 
associates [125] conducted a systematic literature search for autoimmune disorders 
causing catatonia. Similar to our observations regarding MC, they found that 72% 
(249/346) of all cases of autoimmune catatonia reported were due to anti-NMDAR 
encephalitis. They observed that catatonia described in anti-NMDAR encephalitis 
cases is often of the MC variety and tends to co-occur in association with psychosis 
or mania. This led them to propose that MC represents an entity that could be largely 
accounted for by autoimmune disorders such as anti-NMDAR encephalitis. We 
would contend that the causes of MC are multiple and diverse. Nevertheless, our 
findings appear consistent with the impression that autoimmune encephalitis, par-
ticularly anti-NMDAR encephalitis, may account for many MC cases previously 
attributed to psychosis or schizophrenia, MC cases viewed as an outgrowth of viral 
encephalitis where no causative pathogen is identified, and, as Rogers and associ-
ates suggest, cases previously ascribed to encephalitis lethargica.

 The Malignant Catatonia Syndrome

Our review of the modern world literature supports Kraepelin’s [12] conceptualiza-
tion of MC as a nonspecific syndrome that may occur in association with diverse 
neuromedical, drug-induced, and psychiatric disorders. Table  7.3 summarizes 
known causes of the MC syndrome. Consistent with this view of MC as a nonspe-
cific syndrome, it is appropriate to consider the relationship between MC and 
NMS.  Among the total 504 contemporary MC cases, the “classic” excited form 
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Table 7.3 Disorders associated with malignant catatonia syndrome

Psychiatric and neurodevelopmental disorders
   Schizophrenia
   Bipolar disorder
   Schizoaffective disorder
   Brief psychotic disorder
   Periodic catatonia
   Autistic spectrum disorder
   Prader–Willi syndrome
Autoimmune disorders
   NMDA receptor encephalitis
   GABA A receptor encephalitis
   LGI1-receptor encephalitis
   Progressive encephalomyelitis with rigidity
   Systemic lupus erythematosus
   Hashimoto’s encephalopathy
   Sjogren’s syndrome
   Addison’s disease
   Multiple sclerosis
Infectious disorders
   Viral encephalitis—acute and postinfectious
   Human immunodeficiency virus encephalopathy
   Viral hepatitis
   Encephalitis lethargica
   Bacterial meningoencephalitis
   Bacterial septicemia
   Borrelia encephalitis
   General paresis
   Mycoplasma pneumonia encephalitis
   Neurobrucellosis encephalitis
   Typhoid fever
   Chagas’ encephalitis
   Cerebral malaria
Cerebrovascular disorders
   Basilar artery thrombosis
   Bilateral hemorrhagic infarction of the anterior cingulated gyri
   Bilateral hemorrhagic lesions of temporal lobes
Other central nervous system disorders
   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
   Post-surgical-paroxysmal sympathetic hyperactivity
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(clinical vignette) involving extreme hyperactivity and progressive hyperthermia 
prior to the onset of stupor has continued to predominate with 61% of cases present-
ing in this fashion. However, 39% of patients exhibited a primarily stuporous course. 
This represents a change from the pre-antipsychotic drug era when only about 10% 
of MC cases were presented in this fashion. Furthermore, a selective analysis of the 
105 cases reported since 2011 indicates a reversal in this trend with only 43% pre-
senting as excited and 57% exhibiting a primarily stuporous course.

In many of these cases involving a stuporous course, stupor and hyperthermia 
developed only following the initiation of antipsychotic drug treatment, giving rise 
to questions concerning the differentiation of MC from NMS.  Furthermore, the 
clinical features of the classic excited form of MC, once stupor emerges, appear 
equally difficult to distinguish from those of NMS. Viewing MC as a syndrome, we 
have suggested that NMS represents an antipsychotic drug-induced toxic or iatro-
genic subtype of MC. Accordingly, the emergence of NMS as a subtype of MC 
could help explain the increased percentage of primarily stuporous MC cases 
reported in the contemporary literature. Furthermore, anti-NMDAR encephalitis, by 

Table 7.3 (continued)

Metabolic disorders
   Cushing’s disease
   Uremia
   Wernicke’s encephalopathy
Toxic and drug-related disorders
   Amantadine withdrawal
   Clozapine withdrawal
   Barbiturate withdrawal
   Clonazepam withdrawal
   Lorazepam withdrawal
   Lithium toxicity
   Dexamethasone-induced
   Methadone overdose
   Disulfiram overdose
   Cyclosporine A-related neurotoxicity
   Cocaine-induced leukoencephalopathy
   Bath salts abuse
   3-Methoxyphencyclidine intoxication
   Synthetic cannabinoid intoxication
   Tetraethyl lead poisoning
   Intrathecal administration of ziconotide
   Toxic epidermal necrolysis
   Temporomandibular joint surgery
   Renal transplantation
   Parkinsonism-hyperpyrexia syndrome
   Neuroleptic malignant syndrome

Copyright 1986, American Journal of Psychiatry, American Psychiatric Association (adapted from 
[5] with permission), and Copyright 2019, Lancet Psychiatry (adapted from [125] with permission 
from Elsevier Ltd)
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far the single most frequent cause of MC in cases reported since 2011, appears to 
entail an extraordinarily high risk for NMS that could prove critical in explaining 
the current dominance of the primarily stuporous presentation in our most recent 
cases. In one study [126], NMS was diagnosed or suspected in 22% of anti-NMDAR 
encephalitis patients exposed to antipsychotic drugs. Another report suggested that 
as many as 18 of 33 (55%) patients with anti-NMDAR encephalitis developed sus-
pected NMS upon exposure to antipsychotic drugs [127]. These rates dramatically 
exceed recent estimates of NMS as occurring in about 0.02 percent of psychiatric 
patients treated with antipsychotics.

A number of authors have concurred with our conceptualization of NMS as a 
drug-induced subtype of MC [1, 128]. Fricchione [129] suggested a close relation-
ship between catatonic states triggered by antipsychotics and those that are not, and 
proposed that antipsychotic drug-induced catatonia is to simple catatonia what 
NMS is to MC. Koch and associates [130] provided further evidence for overlap 
among catatonia, MC, and NMS. Among 16 patients with NMS, 15 met clinical and 
research criteria for catatonia. Furthermore, in each of their cases, there was a strong 
positive correlation between the severity of NMS and the number of catatonic signs 
reported, strengthening the argument for a relationship between the disorders and 
consistent with a view of NMS as a severe variant of catatonia.

In contrast, other authors have argued that simple catatonia, MC, and NMS are 
distinct clinical entities. Both Castillo and associates [131] and Fleischhacker and 
associates [132] proposed that excited or agitated behavior points to a diagnosis of 
MC. However, agitation is commonly a feature of the psychosis preceding NMS for 
which antipsychotic drugs were originally used. Castillo and associates [132] main-
tained that prominent muscle rigidity might be a distinguishing feature. However, 
patients with agitated catatonia usually receive medications early in treatment. 
Accordingly, if rigidity is present, it may be difficult to know whether this repre-
sents NMS or drug-related extrapyramidal symptoms superimposed on MC. Based 
on our review, we concur with Fricchione and colleagues’ [129, 133] conclusion 
that aside from a few differences in presentation, catatonia, MC, and NMS appear 
to be variants of a larger unitary catatonic syndrome.

 Pathogenesis

There is evidence for involvement of several neurotransmitter systems in the patho-
genesis of catatonia including dopamine, glutamate, gamma-aminobutyric acid, and 
serotonin. On biochemical grounds, motor symptoms in catatonia appear modulated 
by dopamine [134]. A consideration of the role of dopamine further supports a view 
of catatonia, MC, and NMS as subtypes of the same disorder. A number of authors 
have posited a key role for dopaminergic hypoactivity in triggering both simple 
catatonia and MC [6, 129, 133]. Furthermore, there is compelling clinical evidence 
implicating antipsychotic drug-induced dopamine receptor blockade in the patho-
genesis of NMS [135]. Our group [6, 135], along with Fricchione and colleagues 
[129, 133], have proposed that the onset of simple catatonia, MC, and NMS 
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coincides with a reduction in dopaminergic activity within the basal ganglia-thala-
mocortical circuits. As elucidated by Alexander and associates [136, 137], these 
circuits represent one of the brain’s principal organizational networks underlying 
brain–behavior 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. 7.1). They include the “motor circuit,” 
the “oculomotor circuit,” the “dorsolateral prefrontal circuit,” the “lateral orbito-
frontal circuit,” and the “anterior cingulate-medial orbitofrontal circuit.” Each cir-
cuit involves the same member structures, including an origin in a specific area of 
the frontal cortex; projections to the striatum (putamen, caudate, and ventral stria-
tum); connections to the globus pallidus interna and the substantia nigra pars reticu-
lata, 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 the circuits. 
Mesocortical dopamine pathways project directly to circuit areas of origin in the 
supplementary motor area, frontal eye fields, and the three prefrontal cortical areas. 
Additionally, dopamine modulates each circuit through its projections to the stria-
tum [138]. The motor, the anterior cingulate-medial orbitofrontal circuit, and the 
lateral orbitofrontal circuits represent the most likely candidates for involvement in 
the pathogenesis of simple catatonia, MC, and NMS.

Specifically, the onset of hypodopaminergia in the motor circuit may underly 
muscular rigidity [6–8, 135]. In addition, hypodopaminergia developing in the ante-
rior cingulate-medial orbitofrontal circuit could participate in causing diminished 
responsiveness, akinesia and mutism, and contribute to hyperthermia and autonomic 
dysfunction. Bilateral lesions of this circuit have been associated with akinetic mut-
ism, which involves severe hypomotility, diminished arousal and mutism, and has 
been mistaken for simple catatonia [138]. Furthermore, certain cases of akinetic 
mutism have presented with hyperthermia and autonomic dysfunction, making 
them difficult to distinguish from MC and NMS [6, 8, 135]. In this regard, it is of 
considerable interest that the anterior cingulate-medial orbitofrontal circuit contains 
a spur from the ventral pallidum to the lateral hypothalamus [139]. This suggests 
that reduced dopamine activity could cause hyperthermia and autonomic dysfunc-
tion in MC and NMS by disrupting anterior cingulate-medial orbitofrontal circuit 
transmission to the lateral hypothalamus.

Finally, hypodopaminergia involving the lateral orbitofrontal subcortical circuit 
may mediate selected catatonic features observed in simple catatonia, MC, and 
NMS. Dysfunction in the lateral orbitofrontal region has been associated with utili-
zation and imitation behaviors [140]. These behaviors involve automatic imitation 
of the gestures and actions of others or inappropriate use of objects such as tools or 
utensils. Utilization and imitation behaviors reflect enslavement to environmental 
cues [140] and share striking clinical similarities with catatonic features such as 
echopraxia, echolalia, and geigenhalten, all of which are viewed as stimulus bound 
or motor preservative phenomena consistent with frontal lobe dysfunction [140]. 
Utilization and imitation behaviors may also occur in association with dorsolateral 
prefrontal circuit dysfunction.
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Fig. 7.1 Proposed basal ganglia-thalamocortical circuits. Parallel organization of the five basal 
ganglia-thalamocortical circuits. Each circuit engages specific regions of the cerebral cortex, stria-
tum, pallidum, substantia nigra, and thalamus. (Adapted with permission from Alexander 
et al. [136])
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We have proposed that in addition to dopamine-2 receptor blockade, NMS is the 
product of pre-existing central dopamine hypoactivity that represents a trait vulner-
ability marker for this disorder, coupled with state-related downward adjustments in 
the dopamine system occurring in response to acute or repeated exposure to stress 
[6, 8, 135]. Here, we suggest that such state- and trait-related factors are also critical 
in causing hypodopaminergia in the frontal subcortical circuits in simple catatonia, 
MC, and NMS. 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 [6, 8, 135].

Furthermore, the enhanced responsiveness of the dopamine system to stress may 
be implicated as a state-related co-factor predisposing to simple catatonia, MC, and 
NMS. In particular, the dopaminergic innervation of the medial prefrontal cortex in 
the rat is unique in that it is activated by very mild stressors such as limited foot 
shock or conditioned fear [141]. In addition, there are considerable data indicating 
a functional interdependence of dopamine systems innervating the medial prefron-
tal cortex and subcortical dopamine systems; changes in the medial prefrontal cor-
tex dopamine system appear to have an inverse relationship with dopamine turnover 
in the dorsal and ventral striatum [142]. Consistent with this, lesions of the meso-
cortical dopamine pathway to the medial prefrontal cortex in the rat result in 
increased indexes of subcortical dopamine functioning [142].

Conversely, increased mesocortical dopaminergic neurotransmission to the 
medial prefrontal cortex has been associated with decreased indexes of subcortical 
dopamine functioning [142, 143]. Accordingly, if stress activates the stress- sensitive 
mesocortical dopaminergic pathway to the medial prefrontal cortex, it could have 
feedback effects in both the dorsal and ventral striata, rendering these areas hypodo-
paminergic and predisposing to MC and NMS in individuals with pre-existing cen-
tral dopaminergic hypoactivity.

 Management

Effective management hinges on early recognition of this disorder. Excluding neu-
romedical or drug-induced causes of MC is critical before assigning a psychiatric 
etiology. The potential for severe autonomic symptoms and the 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 monitoring to prevent complications, particularly aspiration 
pneumonia, thromboembolism, and renal failure is essential. Many clinicians, not 
recognizing the syndrome they are witnessing, are apt to treat MC patients with 
antipsychotic drugs. However, the bulk of evidence indicates that the dopamine 
receptor blocking effects of both first- and second-generation antipsychotics are 
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likely to aggravate MC episodes, as in NMS where continuation of antipsychotic 
drug treatment clearly increases the likelihood of death. Antipsychotics should be 
withheld whenever MC is suspected. A treatment algorithm is shown in Fig. 7.2.

Benzodiazepines have been highly effective in the treatment of simple catatonia, 
including antipsychotic drug-induced catatonia [133]. 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 to retard the progression of MC until more 
definitive treatment can be instituted. Van Den Eede and associates [144] suggested 
that lorazepam be started at 2–4 mg per day (PO, IM, IV) and increased to 8–16 mg 
per day if simple catatonia does not resolve in 2 days. For MC, however, they pro-
posed that lorazepam be initiated at 8–16 mg per day. Fricchione and associates 
[133] suggested that if simple catatonia proves unresponsive to lorazepam after 
5 days of treatment, ECT should become a consideration. In MC, however, these 
researchers argued against a 5-day wait and urged that ECT be started expeditiously 
if lorazepam does not briskly reverse the MC process.

Indeed, ECT is a safe and effective treatment for MC occurring as an outgrowth 
of a psychiatric disorder [1, 145]. Although controlled studies are lacking, case 
reports and series of consecutive cases indicate excellent results with its use. Among 
50 patients reported in four large series [1, 5, 145], 40 of 41 patients treated with 

Early Recognition
Supportive Medical Care

Discontinue Antipsychotics
Identify any neuromedical condition underlying MC and initiate treatment  

Lorazepam: 8-30mg/per day (PO, IM, IV)

Electroconvulsive Therapy 
(Usually 5-20 Bilateral Treatments)

If stopped, restart lorazepam: 8-30mg (PO, IM, IV)
If significant rigidity and severe hyperthermia present add dantrolene: 1-2.5 mg/kg IV every 6 hours for 48 hours. If no
improvement, switch to amantadine: 100mg PO or by nasogastric tube [NG] tube every 8 hours X 72 to 96 hours. 
If partial or no improvement, switch to bromocriptine 2.5-5mg PO or by NG tube every 8 hours X 72 to 96 hours. If partial
or no improvement, add memantine: 10mg per day PO or NG tube x 1 day, then 10mg BID x 5 days. 
If no improvement, add propofol 25mcg/kg/min IV to 150mg mcg /kg/ min/IV
Add propofol: 25mcg/kg/min IV to 150 mcg/kg/min IV 

Partial or No Response within 48-72 Hours

Partial or No Response

Treatments Supported by Anecdotal Evidence Derived from Case Reports

Fig. 7.2 Proposed treatment algorithm for malignant catatonia. (Adapted with permission from 
Fricchione et al. [133]. Copyright 1997, Sage Publications Inc)
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ECT survived. In contrast, only five of nine who received antipsychotics and sup-
portive care survived. However, ECT appears effective only if initiated before severe 
progression of MC symptoms. Sedvic [146] stressed that the onset of coma or a 
temperature exceeding 41  °C predicts a poor response even to ECT. Arnold and 
Stepan [11] found that of 19 patients starting ECT within 5 days of the onset of 
hyperthermia, 16 survived, whereas in 14 patients starting treatment beyond this 
point, ECT had no effect in preventing a fatal outcome. Although earlier protocols 
called for particularly intensive treatment [11], recent trials have indicated that ECT 
can be efficacious when given once or twice daily or every other day for a total of 
5–20 treatments (usually bilateral). Substantial improvement often becomes evident 
after 1–4 treatments [145].

 Lorazepam and ECT are safe and effective treatments for MC.
Several investigators have suggested that ECT in combination with dantrolene, a 

drug that inhibits contraction and heat production in muscle, represents the optimal 
treatment for MC [5–8]. Other cases have reported successful treatment with dan-
trolene alone; the dopamine agonist bromocriptine combined with dantrolene and 
ECT; bromocriptine and benzodiazepines; dantrolene and bromocriptine [5–8]; the 
NMDA antagonist and dopamine agonist amantadine [26, 147]; and the NMDA 
antagonist memantine combined with lorazepam [74]. Successful treatment with 
transcranial magnetic stimulation (rTMS) has been observed in one case [90]. 
Lastly, intravenous propofol has been reported effective as an interim measure until 
ECT can be instituted [148], considered a superior anesthetic for MC during ECT 
[150], and proposed as capable of “lysing” MC on its own [28, 149, 150]. In MC 
occurring as an outgrowth of a neuromedical illness, specific treatment must be 
directed at the underlying disorder. Nevertheless, in our full series of 504 MC cases, 
ECT has been reported as highly effective in treating MC complicating a diversity 
of neuromedical conditions [1, 5–8, 145]. In such cases, the efficacy of ECT appears 
largely independent of the underlying condition and improvement is likely to be 
transient if the neuromedical condition persists. If, however, the underlying disorder 
either remits or is corrected, permanent recovery may be possible. Along these 
lines, ECT has been used effectively in stabilizing MC (and NMS) in anti-NMDA 
receptor encephalitis, permitting definitive measures such as tumor removal (if indi-
cated) and sequential immunotherapies to take effect [49, 151].

 Conclusion

MC represents a life-threatening neuropsychiatric disorder described long before 
the introduction of modern 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 but is under-recognized. MC 
represents a syndrome rather than a specific disease and may develop as an out-
growth of diverse neuromedical illnesses as well as with psychiatric disorders. 
Among 399 MC cases reported during the 50-year period between 1960 and 2010, 
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339 (85%) were attributed to a psychiatric condition and only 60 (15%) to a neuro-
medical condition. In contrast, among our most recent 105 MC cases reported dur-
ing the nine years between 2011 and 2020, 80 (76%) are now attributed to 
neuromedical illness and only 25 (24%) are associated with a psychiatric disorder. 
These findings are striking but appear consistent with the impression that anti- 
NMDAR encephalitis may now account for many MC cases previously attributed to 
psychosis or schizophrenia, MC cases viewed as an outgrowth of viral encephalitis 
where no pathogen was identified, and MC cases previously ascribed to encephalitis 
lethargica.

Also, from a perspective of MC as a syndrome, NMS may be conceptualized as 
an antipsychotic drug-induced toxic or iatrogenic subtype of MC. The hypothesis 
that simple catatonia, MC, and NMS share a common pathophysiology involving 
reduced dopaminergic neurotransmission within the basal ganglia-thalamocortical 
circuits underscores their identity as variants of a larger unitary catatonic syndrome. 
ECT appears to be the preferred treatment for MC. Antipsychotic drugs should be 
withheld whenever MC is suspected. Recognition of the clinical features of MC and 
an appreciation of its diverse etiologies are essential for the effective management 
of patients who develop this catastrophic reaction.
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 Patient Vignettes

 Patient 1

A 19-year-old male college student with a history of depression began treatment 
with sertraline 8 months ago. He has been compliant and is tolerating the treatment 
well. He presents to the emergency department with diaphoresis, agitation, confu-
sion, dysarthria, staggering gait, and occasional myoclonic jerks in the lower 
extremities. He is accompanied by a friend, who admits the patient ingested 
3,4-methylenedioxymethamphetamine (MDMA) at a college party a few hours 
earlier.

 Patient 2

A 50-year-old female with fibromyalgia, depression, and anorexia currently takes 
duloxetine and mirtazapine. Tramadol was recently added for her chronic pain. She 
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arrives at the emergency department presenting with anxiety, diaphoresis, tachycar-
dia, and diarrhea. On physical exam, she is found to have tremor and 
hyperreflexia.

 Introduction

In 1960, Oates and Sjoerdsma [1] first identified the serotonin syndrome (SS) in 
depressed patients. These patients exhibited diaphoresis, mental status changes, 
restlessness, 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 8.1 [2]. 
Each of these groups may present with varying degrees of symptoms. When diag-
nosing serotonin syndrome, at least one feature from each group should be present. 
Rarely, serotonin syndrome causes high fever, seizures, nystagmus, oculogyric cri-
sis, opisthotonos, dysarthria, and paresthesias. It is important to also consider non-
traditional initial presentations of serotonin syndrome, such as diffuse body pain as 
described in a case report by Guo et al. [3].

 Criteria for Diagnosis of Serotonin Syndrome

In 1991, based on an analysis of 12 literature reports (10 case reports and 2 case 
series) of 38 cases of serotonin syndrome, Sternbach [4] proposed provisional crite-
ria for the diagnosis of serotonin syndrome. Diagnosis by Sternbach’s criteria 

Table 8.1 Clinical manifestations of the serotonin syndrome [2]

Clinical manifestations Features
Cognitive and behavioral Confusion/disorientation

Agitation/irritability
Coma/unresponsiveness
Hallucinations (visual and auditory)

Autonomic excitation Hyperthermia
Diaphoresis
Sinus tachycardia
Hypertension
Dilated pupils
Nausea
Flushing

Neuromuscular features Myoclonus (especially in the legs)
Hyperreflexia (in the legs more than the arms)
Muscle rigidity
Restlessness/hyperactivity
Tremor
Ataxia
Extensor plantar responses
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included three of the following clinical features in the setting of a serotonergic 
agent, assuming other etiologies have been ruled out and excluding neuroleptic drug 
use: mental status changes, agitation, myoclonus, hyperreflexia, diaphoresis, shiver-
ing, tremor, diarrhea, incoordination, and fever. However, the Hunter Serotonin 
Toxicity Criteria (HSTC) proposed by Dunkley [5] in 2003 has widely replaced 
Sternbach’s criteria due to its increased sensitivity (84% from 75%) and specificity 
(97% from 96%) for the diagnosis when compared to the gold standard diagnosis by 
a medical toxicologist [5, 6]. These criteria were validated in a retrospective study 
of over 2000 overdoses of one or more serotonergic agents [7–9].

The HSTC decision rules state that in the presence of a serotonergic agent, one 
of the five following criteria must be met [5]:

 1. Spontaneous clonus
 2. Inducible clonus and agitation or diaphoresis
 3. Ocular clonus and agitation or diaphoresis
 4. Tremor and hyperreflexia
 5. Hypertonia and hyperthermia (temperature >38 °C) and ocular clonus or induc-

ible clonus

The HSTC demonstrated that clonus and hyperreflexia are the most important 
signs required to diagnose serotonin syndrome; however, they may be masked by 
muscle rigidity [5, 6]. Hyperreflexia is more pronounced in the lower extremities, 
with clonus lasting for a few seconds in the patellar tendons compared to the upper 
extremities, where there is only a slight increase in the brachioradialis reflex [10]. 
Ocular clonus refers to rhythmic involuntary eye movements in all directions. It can 
include coarse or fine oscillations of the eye that can be constant or prompted by 
rapid eye movements [11]. Patients may even display moderate neck extension and 
simultaneous repetitive head rotation [10].

 Clonus and hyperreflexia in the lower extremities help differentiate 
serotonin syndrome from neuroleptic malignant syndrome at the bedside.

“Serotonin syndrome,” more recently termed “serotonin toxicity” (ST) to better 
reflect that the condition is due to toxic effects of serotonin, is caused by excess 
serotonin (5-hydroxytryptamine [5-HT]) in the central nervous system [7, 8, 12]. 
This excess CNS serotonin can be due to several pharmacological mechanisms, 
including inhibition of the metabolism of serotonin (MAOIs), prevention of the 
reuptake of serotonin in nerve terminals (serotonin reuptake inhibitors), and 
increased serotonin precursors (tryptophan) or serotonin release (serotonin- releasing 
agents) [7]. The resulting excess CNS serotonin acts on serotonin receptors and 
produces the clinical effects. The exact role of the various serotonin receptors is not 
completely clear, but there is good evidence that the severe life-threatening clinical 
effects such as rigidity and hyperthermia are mostly mediated by 5-HT2A receptors.

Serotonin toxicity is characterized by neuromuscular excitation (clonus, hyper-
reflexia, myoclonus, rigidity, and tremor), autonomic stimulation (hyperthermia, 
tachycardia, tachypnea, diaphoresis, and flushing), and alteration in mental state 
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(anxiety, agitation, and confusion). Depending on the degree to which intrasynaptic 
serotonin is elevated in the central nervous system, serotonin toxicity can be mild 
(serotonergic features that may or may not concern the patient and may be underdi-
agnosed), moderate (toxicity that causes significant distress and deserves treatment 
but is not life-threatening), or severe and life-threatening (a medical emergency 
characterized by rapid onset of severe hyperthermia, muscle rigidity, and multisys-
tem organ failure) (Fig. 8.1) [7, 8, 11].

The most common cause of serotonin syndrome is intentional overdose with 
antidepressant medications [13]. Certain combinations of serotonergic agents pro-
duce more severe forms of serotonin syndrome than others (see Fig. 8.1) [11]. A 
greater increase in 5-HT levels and a higher incidence of fatalities from serotonin 
toxicity occur when combining an MAOI with paroxetine, a potent and highly 
selective serotonin reuptake inhibitor (SSRI), as compared to an MAOI with fluox-
etine (a weaker SRI). Severe toxicity resulting in death most commonly occurs with 
combinations of MAOIs and SSRIs or MAOIs and serotonin releasers, such as 
amphetamine [7, 8]. However, more recently serotonin toxicity has been reported 
with monotherapy of serotonergic agents even with therapeutic doses [13, 14]. A 
case series by Moss et al. reported 35% of their serotonin syndrome cases were due 
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Fig. 8.1 Spectrum of serotonin syndrome presentation [11]
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to a single offending agent, with bupropion as the most common [13]. Serotonin 
syndrome generally presents abruptly and can progress quickly, especially in 
patients taking a combination of serotonergic medications. The length of an episode 
of serotonin syndrome partly depends on pharmacokinetic properties of the impli-
cated drug, such as the duration of action and elimination half-life [8].

 Compared to neuroleptic malignant syndrome, serotonin syndrome 
usually presents acutely over several hours.

 Neurochemistry

Serotonin (5-HT), as illustrated in Fig. 8.2, is a monoamine neurotransmitter that is 
synthesized from the amino acid tryptophan. Tryptophan is transported into the 
brain from the plasma. Since tryptophan is one of the eight essential amino acids, 
the body cannot synthesize tryptophan from other amino acids, and it must be 
ingested with food. Foods that are high in tryptophan include dairy products, beef, 
poultry, barley, brown rice, fish, soybeans, legumes, and peanuts [5]. Once inside 
the serotonergic neuron in the central nervous system and the enterochromaffin cells 
of the gastrointestinal tract, dietary tryptophan undergoes enzymatic conversion to 
form 5-HT (Fig. 8.3) [15]. The rate-limiting step of the pathway is the production of 
5-hydroxytryptophan (5-HTP) by tryptophan hydroxylase. Serotonin is a mono-
amine present throughout the body. Ninety-nine percent of total body serotonin is 
located intracellularly [16]. Most of the body’s serotonin is located in the periphery 
stored in platelets and enterochromaffin cells, modulating GI motility as well as 
vascular and hemodynamic functions [6, 17, 18]. Only 1–2% of its entire body con-
tent is in the central nervous system, playing a role in wakefulness, attention, 
aggression, appetite, emesis, affective and sexual behavior, motor tone, and thermo-
regulation [6, 18]. Serotonin is unable to cross the blood–brain barrier. The primary 
metabolic pathway for serotonin is degradation by monoamine oxidase (MAO), 
especially by the MAO-A form. The major metabolite of MAO metabolism of 
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NH2Fig. 8.2 The chemical 
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Neuroscience. 2nd ed. Philadelphia: Wolters Kluwer/Lippincott Williams & Wilkins Health; 2011)
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serotonin is 5-hydroxyindoleacetic acid (5HIAA), which is excreted primarily in 
the urine.

At least 14 different serotonin receptors have been identified [17, 19, 20]. There 
are seven types of receptors (5-HT1–5-HT7), some of which include subtypes 
(Table 8.2) [17]. The 5-HT1, 5-HT2, 5-HT4, 5-HT5, 5-HT6, and 5-HT7 receptor fami-
lies are single-subunit proteins that are members of the G-protein-coupled receptor 
(GPCR) superfamily. GPCRs are characterized by the presence of seven transmem-
brane domains, an intracellular carboxy terminus, and an extracellular amino termi-
nus. 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, phos-
pholipase C, and adenylyl cyclase [7].

The 5-HT1 receptor family contains receptors that are negatively coupled to ade-
nylyl cyclase (activation of these receptors down-regulates cyclic AMP) and 
includes the 5-HT1A receptor (see Fig. 8.3) [15]. The 5-HT1A receptor is coupled via 
G-proteins to two distinct effector systems: (1) the inhibition of adenylyl cyclase 
activity and (2) the opening of potassium channels, which results in neuronal 
hyperpolarization.

The serotonin autoreceptors and the serotonin transporter limit the availability of 
serotonin in the synapse. The 5-HT1A and 5-HT1D serotonin receptors are presynap-
tic receptors that act as autoreceptors to prevent further 5-HT release when they 
sense the presence of 5-HT. Additionally, the highly selective serotonin transporter 
(SERT), located on the presynaptic membrane, removes serotonin from the synaptic 
cleft (see Fig. 8.3) [15]. Once transported into the presynaptic neuron, serotonin is 
recycled back into presynaptic vesicles where it is protected from metabolism. The 
abundance of serotonin in the synaptic cleft is the major determinant of the strength 

Table 8.2 Serotonin receptor classification [17]

Serotonin receptor family Subtypes Receptor type
5-HT1 5-HT1A Gi

5-HT1B

5-HT1D

5-HT1E

5-HT1F

5-HT2 5-HT2A Gq

5-HT2B

5-HT2C

5-HT3 – Cys-loop
5-HT4 – Gs

5-HT5 5-HT5A Gi

5-HT5B

5-HT6 – Gs

5-HT7 – Gs
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and duration of signaling on the postsynaptic serotonin receptor. Binding of sero-
tonin to its autoreceptor and the activity of the SERT, both of which are located on 
the presynaptic membrane, control the availability of serotonin in the synaptic cleft. 
As noted by Mohammad-Zadeh [16], the negative feedback created by stimulation 
of the 5-HT autoreceptor decreases further release of serotonin, while the SERT 
actually removes serotonin from the synaptic cleft.

Several serotonin receptors are postsynaptic, including 5-HT1A, 5-HT1D, 5-HT2A, 
and 5-HT2C. These receptors are responsible for postsynaptic nerve stimulation or 
inhibition. Previously, both 5-HT1A and 5-HT2A were implicated in the serotonin 
syndrome; however, Gillman [12] states that activation of the 5-HT2A receptor (not 
the 5-HT1A receptor) is needed to cause a serious serotonin syndrome. For example, 
hyperthermia, the primary risk of serious morbidity and death in serotonin syn-
drome, is mediated in a dose-related manner by the action of 5-HT or 5-HT agonists 
on 5-HT2A receptors and is ameliorated or prevented by 5-HT2A antagonists, such as 
cyproheptadine but not by 5-HT1A antagonists [12].

Serotonin syndrome is directly related to the synaptic concentration of serotonin 
and the concentration-dependent action of serotonin at postsynaptic serotonin 
5-HT2A receptors [8, 12]. Gillman [12] states that serotonin syndrome is not “an 
idiosyncratic response, but a predictable and inevitable result of toxicity (mediated 
via the final common pathway of elevated intrasynaptic serotonin).” The evidence 
implicating serotonin in causing the serotonin syndrome is largely based on animal 
(rat) models, including radioligand binding studies [19]. Human studies have been 
anecdotal, and the mechanism of serotonin syndrome in humans remains unproven.

 Neuroanatomy

Within the central nervous system, serotonin is synthesized and stored in the pre-
synaptic neurons (i.e., serotonergic neurons, pineal gland, and catecholaminergic 
neurons). Serotonin is located in nine groups of cell bodies isolated to reticular 
formation of the pons and midbrain [16, 17]. Serotonergic neurons are restricted to 
midline structures of the brainstem. Most serotonergic cells overlap with the distri-
bution of the raphe nuclei in the brainstem. A rostral group (B6–8 neurons) project 
to the thalamus, hypothalamus, amygdala, striatum, and cortex. 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 cau-
dal 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, which give rise to descending spinal projections.

The principal ascending fibers arise from serotonin-containing cell bodies 
located 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 lat-
eral hypothalamus. The superior central nucleus is particularly associated with 
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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 the hip-
pocampus and the septal nuclei, while the dorsal nucleus of the raphe has major 
projections to the neostriatum and substantia nigra.

 The Role of Serotonin

Serotonin has been implicated in appetite, emotion, nociception, motor, cognitive, 
and autonomic (sympathetic) function. Studies of the firing rate of serotonergic 
soma in the raphe nuclei suggest that serotonin (5-HT) modulates the nervous sys-
tem. Serotonergic activity correlates with behavioral arousal, motor output, circa-
dian rhythm, neuroendocrine function, appetite, and sleeping. Precursors of 5-HT, 
releasing agents, reuptake inhibitors, and receptor agonists and antagonists have 
been used to assess serotonergic function [7].

 Epidemiology

Serotonin syndrome is an iatrogenic disorder related to drugs that augment sero-
tonin transmission. It occurs in patients treated for depression (the most common 
group), bipolar affective disorder, obsessive compulsive disorder, eating disorders 
with depression, Parkinson’s disease, migraines, HIV/AIDS, and sepsis, as well as 
in patients who are drug abusers. Serotonin syndrome may occur in pediatric and 
adult patients. The patient’s age and sex are not known to predispose to the develop-
ment of serotonin syndrome. Serotonin syndrome contributes to 2% of all bedside 
consults made by medical toxicologists [13].

 Drugs Associated with Serotonin Syndrome

There are many serotonergic drugs reported to produce serotonin syndrome. 
Table 8.3 [2, 6, 8, 17, 21] lists mechanisms of action and names of serotonergic 
drugs. There are several drug mechanisms that cause excess serotonin, such as 
increased serotonin synthesis and release, inhibited serotonin metabolism and reup-
take, activation of serotonin receptors, and inhibition of CYP450 enzymes by 
SSRIs. Severe serotonin toxicity (serotonin syndrome) generally occurs with com-
binations of serotonergic drugs (often acting at different sites), most commonly 
including a serotonin reuptake inhibitor and an MAOI [7]. Less severe toxicity 
occurs with other combinations, overdoses, and even single-drug therapy in suscep-
tible individuals.
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Table 8.3 Mechanisms of action and names of serotonergic agents [2, 6, 8, 17, 21]

Mechanism Class Drugs implicated in serotonin syndrome
Inhibit 
serotonin 
synthesis

Dietary supplement L-Tryptophan

Inhibit 
serotonin 
metabolism

Anxiolytics Buspirone
Herbal supplements St. John’s Wort (Hypericum perforatum)
Monoamine oxidase inhibitors Clorgyline, furazolidone, iproniazid, 

isocarboxazid, linezolid, methylene blue, 
moclobemide, pargyline, phenelzine, 
procarbazine, rasagiline, safinamide, selegiline, 
Syrian rue, tedizolid, and tranylcypromine

Increase 
serotonin 
release

Amphetamines + derivatives Dexfenfluramine, fenfluramine, and 
phentermine

Antidepressants (atypical) Mirtazapine
Cold remedies Dextromethorphan
Drugs of abuse Cocaine, methylenedioxymethamphetamine 

(MDMA; Ecstasy)
Opiates (not all) Meperidine, oxycodone, and tramadol
Parkinson disease Treatment/
amino acid

Levodopa

Inhibit 
serotonin 
uptake

Amphetamines + derivatives Dexfenfluramine, fenfluramine, and 
phentermine

Antidepressants (atypical) Bupropion, nefazodone, and trazodone
Antiemetics Granisetron and ondansetron
Antihistamines Chlorpheniramine
Anxiolytics Buspirone
Cold remedies Dextromethorphan
Drugs of abuse Cocaine, methylenedioxymethamphetamine 

(MDMA; Ecstasy)
Herbal supplements St. John’s Wort (Hypericum perforatum)
Opiates (not all) Fentanyl, levomethorphan, levorphanol, 

meperidine, methadone, pentazocine, pethidine, 
propoxyphene, tapentadol, and tramadol

Selective norepinephrine 
Reuptake inhibitors (SNRIs)

Desvenlafaxine, duloxetine, milnacipran, 
sibutramine, and venlafaxine

Selective serotonin reuptake 
inhibitors (SSRIs)

Citalopram, escitalopram, fluoxetine, 
fluvoxamine, paroxetine, and sertraline

Tricyclic antidepressants 
(TCAs)

Amitriptyline, amoxapine, clomipramine, 
desipramine, doxepin, imipramine, maprotiline, 
nortriptyline, protriptyline, and trimipramine

Serotonin 
receptor 
agonists

Antidepressants (atypical) Mirtazapine and trazodone
Antiemetic/prokinetic agents Metoclopramide
Anxiolytics Buspirone
Drugs of abuse Lysergic acid diethylamide (LSD)
Ergot derivatives Dihydroergotamine, ergotamine, and 

methylergonovine
Mood stabilizers Lithium
Opiates (not all) Fentanyl and meperidine
Triptans Almotriptan, eletriptan, frovatriptan, 

naratriptan, rizatriptan, sumatriptan, and 
zolmitriptan
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An overdose with a serotonin reuptake inhibitor rarely, if ever, causes fatal sero-
tonin toxicity. Life-threatening serotonin toxicity generally occurs only when 
MAOIs are combined with either serotonin reuptake inhibitors (selective or nonse-
lective) or serotonin releasers, such as amphetamine or the recreational drug 
MDMA. Death can also occur from a large overdose of an older irreversible MAOI 
(i.e., tranylcypromine) alone. The newer reversible MAOIs (i.e., moclobemide) do 
not cause serotonin toxicity alone in overdose [8].

 Selected Patient Profiles

The following patient populations are at increased risk of developing serotonin tox-
icity, based on their use of certain medications or other substances with serotonergic 
properties. The clinician should be especially mindful of the co-administration of 
serotonergic medications or other substances. When evaluating a patient with clini-
cal features of neuromuscular excitation, autonomic stimulation, and/or altered 
mental state, the identification that the patient falls into one of these profiles and is 
using one or more serotonergic medications or other substances should prompt the 
clinician to consider the diagnosis of serotonin syndrome.

 The Patient with Psychiatric Disease

Antidepressants are the most common class of drugs to produce serotonin syn-
drome. Specifically, MAOI, selective and nonselective serotonin reuptake inhibi-
tors, and tricyclic antidepressants (TCAs) cause the serotonin syndrome, but atypical 
antidepressants should also be used with caution when considering this toxicity. 
Buckley et  al. [11] reported about 15% of SSRI toxicities leading to cases of 

Table 8.3 (continued)

Mechanism Class Drugs implicated in serotonin syndrome
Serotonin 
receptor 
(5-HT2A) 
antagonists

Second-generation 
antipsychotics

Aripiprazole, clozapine, olanzapine, quetiapine, 
and risperidone

CYP450 
microsomal 
oxidase 
interactions

CYP2D6 Inhibitors: fluoxetine and sertraline
Substrates: Dextromethorphan, oxycodone, 
phentermine, risperidone, and tramadol

CYP3A4 Inhibitors: ciprofloxacin and ritonavir
Substrates: methadone, oxycodone, and 
venlafaxine

CYP2C19 Inhibitors: fluconazole
Substrates: citalopram

Modulators Antidepressants (atypical) Bupropion
Parkinson’s disease treatments Amantadine, and levodopa
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moderate serotonin syndrome. Fluoxetine has unique pharmacokinetics, which 
makes it prone to cause serotonin syndrome. The half-life of fluoxetine is 1–4 days, 
but its active metabolite, norfluoxetine, has a half-life of 7–14 days. To decrease the 
risk of serotonin syndrome, when discontinuing fluoxetine a patient should wait 
5 weeks before starting another serotonergic agent [22] or an MAO-I [23]. Durson 
[24] reported a patient who developed serotonin syndrome while taking carbamaze-
pine and fluoxetine.

 Due to the long elimination half-life of fluoxetine, care should be 
taken before switching to another SSRI.

Lithium may enhance the serotonergic effect of serotonin reuptake inhibitors 
(SRIs), potentially increasing the risk of serotonin syndrome when lithium and SRIs 
are used concomitantly, compared to when SRIs are used alone. We identified two 
reports of patients taking lithium and venlafaxine (an antidepressant with dual 
selective reuptake inhibition) who developed serotonin syndrome, possibly due to 
lithium’s increasing the serotonergic effect of venlafaxine or diminishing its renal 
excretion [8, 25, 26]. Furthermore, patients with end-stage renal disease who are on 
SSRIs and hemodialysis are at risk of serotonin syndrome due to decreased renal 
excretion of serotonergic agents [6, 17].

The serotonin syndrome is most commonly the result of the interaction between 
serotonergic agents and MAOIs. MAO-A has greater affinity 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-
imately 2  weeks due to the gradual production of uninhibited MAO enzyme. 
Therefore, when a patient changes from an MAOI to a different class of serotoner-
gic agents, a 2-week period must elapse between the two drugs. Serotonin syndrome 
may also occur with moclobemide (“RIMA”), a reversible inhibitor of monoamine 
oxidase-A [27].

Combining MAOIs with serotonin selective or nonselective reuptake inhibitors 
or serotonin releasers may precipitate a rapid deterioration to life-threatening and 
sometimes fatal serotonin toxicity [8]. Depending on their serotonin reuptake inhib-
itor potency, TCAs combined with MAOIs can also precipitate life-threatening 
serotonin toxicity. Clomipramine, one of the most potent TCAs, has serotonergic 
effects at both therapeutic levels and in overdose. When combined with MAOIs, 
clomipramine is known to cause serotonin toxicity and consequential death. 
Imipramine also has clinically significant serotonergic potency. Amitriptyline, a less 
potent SRI, is not known to cause symptoms of serotonin toxicity if taken in over-
dose. Amitriptyline can be combined with an MAOI without the risk of serotonergic 
side effects or serotonin toxicity [8].

Electroconvulsive therapy (ECT) is a treatment for depression that may, although 
uncommon, precipitate serotonin syndrome, especially when performed in a patient 
taking serotonergic agents [28–30]. Case reports have been published involving 
serotonin syndrome in the presence of ECT with paroxetine [28], ECT with lithium 
[29] and ECT with trazodone, bupropion, and quetiapine [30]. Potential mecha-
nisms include ECT causing increased blood–brain barrier permeability, increasing 
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the risk of serotonin toxicity in the presence of a serotonergic agent [28], as well as 
transient hypersensitivity to serotonergic agents [29] or modulation of serotonin 
transmission and receptors [30]. As it is common for patients receiving ECT for 
depression to be taking serotonergic antidepressants, physicians should be aware of 
this potential reaction. Interestingly, a few case reports suggest that serotonin syn-
drome may also benefit from ECT. For example, Nisijima [31] reported a depressed 
patient with diaphoresis, tremor, and myoclonus who was diagnosed with serotonin 
syndrome by Sternbach’s criteria. The patient was refractory to medical therapies. 
The serotonin syndrome resolved, and the depression lessened with ECT.  More 
research is needed regarding ECT and serotonin syndrome. Physicians should be 
aware of ECT’s potential precipitation of serotonin syndrome, as well as its poten-
tial use as a treatment for serotonin syndrome.

 The Patient with Parkinson’s Disease

Increased concentrations of dopamine in the CNS can induce the serotonin syn-
drome by indirect serotonin release. Patients with Parkinson’s disease (PD) may 
theoretically have an increased risk of serotonin syndrome due to the high rate of 
depression among PD patients. In clinical practice, many PD patients concurrently 
use an antidepressant and a dopaminergic agent. Levodopa and selegiline (an 
MAO-B inhibitor) have classically been associated with serotonin syndrome. 
However, a review by Aboukarr et al. [32] investigated the risk of serotonin syn-
drome in Parkinson’s patients taking an SSRI and MAO-B inhibitor. Serotonin syn-
drome is most common with SSRIs and nonselective MAO inhibitors, or selective 
MAO-A inhibitors, due to the rise of serotonin in the CNS. MAO-B inhibitors at low 
doses selectively inhibit the breakdown of dopamine; only at high doses (>10 mg 
per day), MAO-B inhibitors lose selectivity and additionally inhibit MAO-A, lead-
ing to serotonin syndrome risk. The study concluded that selegiline or rasagiline can 
safely be used concomitantly with an SSRI, given the MAO-B inhibitor is at a thera-
peutic dose, and the SSRI is given at the low end of its therapeutic range. Of all the 
cases and studies reviewed, serotonin syndrome in response to MAO-B inhibitors 
and SSRIs was rare; therefore, the benefits of this drug combination outweigh the 
risk of serotonin syndrome for Parkinson’s patients with depression [32]. Fernandes 
[33] reported a diagnosis of possible serotonin syndrome in a 76-year-old woman 
with a 10-year history of PD treated with carbidopa/levodopa and entacapone. After 
a 4-day accidental overdose of rasagiline, 4 mg per day, she developed agitation, 
loss of consciousness, labile blood pressure, tachycardia, fever, and a tremor “not 
typical of Parkinson’s.”

Toyama and Iacono [34] suggested that parkinsonian patients might be protected 
from the serotonin syndrome by decreased serotonergic functioning, shown by loss 
of serotonergic neurons and decreased serotonin metabolites. A chart reviewed by 
Waters [35] on 23 patients receiving combined fluoxetine and selegiline, and another 
chart review by Toyama [34] on 25 patients receiving combined SSRI and selegiline 
both revealed no serious side effects.
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 The Patient with a Severe Infection

Linezolid, an antibiotic of the oxazolidone family, is a reversible, nonselective 
MAOI used in the treatment of vancomycin-resistant Enterococcus faecium infec-
tions, nosocomial pneumonia caused by Staphylococcus aureus (methicillin- 
susceptible and resistant strains), or Streptococcus pneumoniae (including multidrug 
resistant strains), and skin infections caused by Staphylococcus aureus (methicillin- 
susceptible and resistant strains), Streptococcus pyogenes, or Streptococcus agalac-
tiae [36]. Linezolid should not be used in patients taking any medication that inhibits 
MAO-A or MAO-B or within 2 weeks of taking such medication [36]. Serotonin 
syndrome has been described from the interaction of linezolid and SSRIs such as 
citalopram, sertraline, paroxetine, and fluoxetine [36, 37]. It has also been described 
in a case of linezolid with methadone, which, while both are weak serotonergic 
agents less likely to cause toxicity, is important for physicians to consider when 
encountering a patient with potential serotonin syndrome [38].

 The Patient with Pain

Some narcotic analgesics, such as the phenylpiperidine series opioids (including 
dextromethorphan, fentanyl, meperidine, methadone, propoxyphene, and trama-
dol), are weak serotonin reuptake inhibitors (increase CNS serotonin) and can pre-
cipitate life-threatening serotonin toxicity reactions when combined with other 
serotonin modulators, especially MAOIs and SSRIs [8]. Some opioids, such as tra-
madol, have the potential to cause serotonin syndrome as monotherapy, whether due 
to overdose, reduced tramadol metabolism, or deficient 5-HT uptake [9]. A compre-
hensive overview of opioids and serotonin syndrome by Baldo reports 20.3% of 74 
investigated cases of toxicity were due to SSRIs and opioids [18]. Most commonly 
these cases are associated with dextromethorphan, fentanyl, meperidine, metha-
done, oxycodone, and tramadol; however, cases have also been linked with alfent-
anil, remifentanil, sufentanil, hydrocodone, hydromorphone, morphine, naltrexone, 
pentazocine, and tapentadol while in combination with other serotonergic agents 
[13, 18]. With the March 2016 FDA Drug Safety Communication warning of the 
association of the entire class of opioids with serotonin syndrome, physician aware-
ness of this interaction is imperative for proper patient care [18]. Zornberg [39] 
described a patient taking meperidine and selegiline who developed possible sero-
tonin syndrome. Meperidine, dextromethorphan, and tramadol are contraindicated 
in patients using an MAOI, including selegiline, and should be used with caution in 
patients using other serotonergic drugs.

Duloxetine and milnacipran are serotonin and noradrenaline reuptake inhibitors. 
Duloxetine is indicated for the management of fibromyalgia, diabetic peripheral 
neuropathic pain, and chronic musculoskeletal pain [40]. Milnacipran is indicated 
for the management of fibromyalgia [41]. The concomitant use of these drugs with 
MAOIs is contraindicated. If concomitant treatment with a 5-hydroxytryptamine 
receptor agonist (triptan) is clinically warranted, careful observation of the patient 
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is advised, particularly during treatment initiation and dose increases. The concomi-
tant use of these drugs with serotonin precursors (such as tryptophan) is not recom-
mended. Due to the risk of serotonin syndrome, caution is advised when using these 
drugs with certain narcotic analgesics that are serotonin reuptake inhibitors, such as 
tramadol. Yacoub [42] described a patient with depression treated with paroxetine (a 
selective serotonin reuptake inhibitor) who 8 days after adding on milnacipran for 
fibromyalgia developed altered mental status, autonomic dysfunction, and skeletal 
muscle rigidity, diagnosed as serotonin syndrome. The authors hypothesized that 
the concomitant use of these two serotonergic agents produced serotonin syndrome.

 The Recreational Drug Abuser

3,4-Methylenedioxymethamphetamine (MDMA, “molly”) or Ecstasy has become 
one of the most popular recreational drugs over the past 25 years. MDMA, a syn-
thetic amphetamine, increases serotonin availability by stimulating its release from 
presynaptic terminals and preventing its reuptake. In addition to serotonin, MDMA 
is thought to affect other neurotransmitters, including dopamine. Initially in the 
1980s, MDMA was used as a psychotherapeutic adjunct but it soon became a drug 
of abuse. Its popularity is likely due to its positive effect on mood and sense of well- 
being. There are several administration routes: oral, injection, smoking, and nasal. 
According to Parrot [43], about 85–90% of recreational Ecstasy users reported an 
increase in body temperature, sweating, dehydration, bruxism, and trismus. Deaths 
at UK “rave” parties were attributed to serotonin syndrome following ingestion of 
MDMA [44]. The factors that may contribute to death from MDMA ingestion are 
unknown; however, they may include dosage, individual sensitivity, tolerance, vari-
ability in drug metabolism, and concomitant use of antidepressants or other recre-
ational drugs including cocaine, amphetamines, cannabis, or alcohol.

A main concern is the use of MDMA in depressed patients already taking SSRIs. 
Increased rates of depression in the pediatric and adolescent populations have led to 
a rise in SSRI use. Furthermore, patients with psychiatric illness may have increased 
risk of substance abuse, increasing the likelihood of combining antidepressant, and 
substance use [45]. Some users purposely ingest concomitant SSRIs and MDMA 
with the misconceptions that it will lead to a greater euphoric effect and that the 
SSRI will actually be neuroprotective against MDMA [45]. Dobry [45] explains the 
mechanism of serotonin syndrome in MDMA users. Apart from its effects on the 
synapse and variability in drug metabolism, MDMA can lead to liver necrosis, con-
sequently reducing liver function and reducing the ability to clear SSRIs and 
MDMA, increasing the chance of serotonin syndrome. Second, hyperthermia from 
MDMA use leads to dehydration, which stimulates the body to release in vitro sero-
tonin for thermodynamic regulation [45]. Therefore, both endogenous and exoge-
nous serotonin release in this scenario puts this population at risk for serotonin 
syndrome.

Dextromethorphan (DXM) is a cough suppressant found in over-the-counter 
(OTC) cold medications. DXM may be abused in high doses by adolescents to 
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generate euphoria, visual and auditory hallucinations, and dissociative “out of body” 
experiences similar to those caused by the hallucinogens phencyclidine (PCP) and 
ketamine. Illicit use of DXM is referred to on the street as “Robo-tripping” or “skit-
tling.” These terms are derived from the most commonly abused products: Robitussin 
and Coricidin [46]. Annually about one million US youth and young adults (age 
12–25 years) misuse OTC cough and cold medicines that contain DXM [47]. The 
Drug Abuse Warning Network (DAWN ED) reports that nearly 8000 emergency 
department visits in the USA each year were associated with the nonmedical use of 
DXM during 2006–2008 [48]. DXM potentiates serotonin levels. Recreational usage 
of products containing DXM can lead to serotonin syndrome. Schwartz [49] 
described two cases of serotonin syndrome associated with supra-therapeutic doses 
of DXM and therapeutic levels of an SSRI. An additional concern from abuse of 
DXM-containing products is the development of potential toxicity from the other 
ingredients, such as delayed hepatotoxicity from acetaminophen, increased blood 
pressure from pseudoephedrine, and central nervous system, cardiovascular and anti-
cholinergic toxicity from antihistamines. The abuse of DXM in high doses with alco-
hol or other drugs is particularly dangerous and potentially lethal [46].

Other recreational drugs to be aware of in association with serotonin syndrome 
include mephedrone (4-MMC), cathinone, methylenedioxypyrovalerone (MDPV, 
“bath salts”), methylone (MDMC), butylone (βk-MBDB), methamphetamine, 
cocaine, lysergic acid diethylamide (LSD, “acid”), 251-NBOMe, psilocybin 
(“magic mushrooms”), and 2,5-dimethoxy-4-bromophenethylamine (2-CB) [13, 
50]. The first known case report of intoxication with 2-CB, a phenethylamine, in an 
18-year-old male resulted in severe brain edema and serotonin syndrome diagnosed 
with the HSTC [50]. There have been no reported cases to date of serotonin syn-
drome in relation to N,N-dimethyltryptamine (DMT), salvia divinorum, or 
methoxetamine (MXE) [13].

 Genetic Polymorphisms and Drug Interactions with CYP-450

Genetic polymorphisms of CYP2D6 of the CYP-450 system produce differences in 
an individual’s ability to metabolize certain drugs, including DXM (dextrometho-
rphan), MDMA, TCAs, tramadol, and SSRIs, including fluoxetine and paroxetine 
[9, 45]. For instance, CYP2D6 metabolizes dextromethorphan to dextrorphan, its 
active metabolite. Poor metabolizers via CYP2D6 produce less dextrorphan, experi-
ence a higher risk of developing adverse effects (e.g., nausea, vomiting, and dyspho-
ria) from DEX, and are less likely to abuse DXM. Conversely, extensive metabolizers 
via CYP2D6 produce more dextrorphan, experience more of the euphoric and 
mind-altering effects, and are more likely to abuse DXM [51]. Genetic variation 
may also exist in the SERT gene for serotonin transport, or in the 5-HT2A and 
5-HT-3B receptors, playing a role in the risk of serotonin syndrome [6].

Further attention should be placed on drug interactions within the CYP-450 sys-
tem (Table 8.4) [52]. For patients with polypharmacy, recognizing drugs that are 
substrates, inducers, and inhibitors of CYP enzymes is imperative for preventing 
adverse drug reactions, such as serotonin syndrome. For example, patients who 
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co- administer DXM with drugs that may inhibit CYP2D6 (e.g., dextromethorphan 
itself, venlafaxine, amitriptyline, and fluoxetine) have a higher risk of adverse 
effects and are less likely to abuse the drug. Forget [53] recommends avoiding DXM 
in patients taking a tricyclic antidepressant or other inhibitors of CYP2D6. Further 
reports have been made of patients experiencing serotonin syndrome via CYP-3A4 
inhibition by ciprofloxacin, a fluoroquinolone antibiotic, in patients taking seroto-
nergic agents, as well as CYP-2C19 inhibition by fluconazole, an antifungal, in a 
patient taking citalopram [6].

 The Patient with Human Immunodeficiency Virus

Human Immunodeficiency Virus (HIV)-positive patients are also at risk for devel-
oping serotonin syndrome due to CYP-450 interactions. Since depression is preva-
lent among HIV-positive patients, they often take serotonin reuptake inhibitors. 
Drugs that inhibit the metabolism of serotonin reuptake inhibitors can produce sero-
tonin syndrome. Antiretroviral therapy inhibits serotonin metabolism via the cyto-
chrome P450 enzymes. Although ritonavir specifically inhibits the 2D6 isoenzyme, 
the exact mechanism of inhibition remains unknown as many of the antiretrovirals 
inhibit the 3A4 rather than 2D6 isoenzyme. DeSilva [54] described five cases of 
serotonin syndrome that occurred in HIV-positive patients who were taking fluox-
etine 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. Fluoxetine has been associated with 
serotonin syndrome likely due to its very long half-life.

 The Patient with Cough

Dextromethorphan is an antitussive agent in many over-the-counter cough medica-
tions. Doctors need to be aware that since dextromethorphan is an opioid with sero-
tonin reuptake inhibitor activity, it has the potential to cause serotonin toxicity in 
patients taking MAOIs.

Table 8.4 CYP-450 interactions of some serotonergic agents [52]

CYP 
enzyme Substrates Inducers Inhibitors
1A2 Duloxetine – Fluvoxamine
2B6 Bupropion, methadone, selegiline, and sertraline – Paroxetine and 

sertraline
2C9 – Fluvoxamine
2D6 Clozapine, codeine, desipramine, dextromethorphan, 

fluoxetine, haloperidol, hydrocodone, oxycodone, 
paroxetine, risperidone, selegiline, tricyclic 
antidepressants, and venlafaxine

– Bupropion, 
fluoxetine, and 
paroxetine

3A4 Alfentanil, buspirone, cocaine, and methadone St. John’s 
Wort

–
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 The Patient with Migraine Headaches

Serotonin syndrome in patients with migraines is questionable. The pathophysiol-
ogy of migraine is thought to involve the neurotransmitter serotonin. It has been 
hypothesized that patients with recurrent migraines have chronically low systemic 
5-HT. Agents that increase serotonin in the CNS are effective in treating migraine. 
Sumatriptan selectively activates the 5-HT1D receptors. Dihydroergotamine (DHE), 
another 5-HT agonist, is more potent at the 5-HT1A than the 5-HT1D receptor. 
Triptans are high-affinity agonists at 5-HT1B/5-HT1D/5-HT1F subtype receptors with 
lower affinity for 5-HT1A receptors. Available evidence supports a model of sero-
tonin syndrome due to activation of 5-HT2A receptors, with some questionable 
involvement of 5-HT1A receptors. Additionally, the SSRIs, which are used for 
migraine prophylaxis, inhibit serotonin reuptake. In 2006, the United States Food 
and Drug Administration (FDA) [55] warned about the potential life-threatening 
risk of serotonin syndrome when triptans are used with SSRIs or SNRIs. This alert 
was based on a total of 29 cases (reported to the FDA or derived from the published 
literature) of presumptive SS occurring in association with the combination of trip-
tans and SSRIs.

In an American Headache Society Position Paper [56], Evans (2010) reviewed 
the potential risk of serotonin syndrome (based on the Sternbach’s criteria or the 
Hunter Serotonin Toxicity Criteria) when combining triptans with other serotoner-
gic agents. Of the 29 cases used as the basis for the FDA alert, 10 cases actually met 
Sternbach’s criteria for diagnosing serotonin syndrome. No cases fulfilled the 
Hunter criteria for serotonin toxicity. The study concluded that the currently avail-
able evidence does not support limiting the use of triptans with SSRIs or SNRIs or 
the use of triptan monotherapy, due to concerns for serotonin syndrome.

A retrospective cross-sectional study from 2014 to 2018 by Roblee et al. [57] 
reviewed clinical outcomes of intentional overdoses with triptans and ergotamines, 
concluding that the toxidrome of these agents did not include serotonin syndrome. 
Similarly, a review by Orlova et al. [58] of patients taking concomitant triptans and 
SSRI/SNRIs from 2001 to 2014 determined a low risk of serotonin syndrome with 
coprescription of these agents. Of the 19,017 patients reviewed, 17 suspected cases 
of serotonin syndrome were identified, with only one actually meeting Hunter crite-
ria for serotonin syndrome [58]. Due to the suspected mechanisms of triptans and 
ergotamines, serotonin syndrome may still be considered in patients with migraine 
headaches; however, in light of the stated research, this reaction may be less com-
mon than previously indicated.

 Methylene Blue and the Surgical Patient

Methylene blue (MB; methylthioninium chloride), a potent inhibitor of MAO-A, is 
a phenothiazine derivative used in medicine for staining in parathyroid procedures 
and urological procedures and in the treatment of methemoglobinemia, ifosfamide 
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toxicity, and perioperative vasoplegic shock in cardiac surgery [59]. In patients tak-
ing serotonergic agents, such as antidepressants, the administration of MB poses a 
risk of serotonin syndrome. Most commonly, serotonin syndrome from MB admin-
istration occurs via parenteral routes, but one case of serotonin syndrome by oral 
administration of MB has been described and should be considered [59].

MB is most commonly used for parathyroid surgery where it accumulates in the 
target tissue to assist surgical identification. Ng and Cameron [60] presented a lit-
erature review that identified nine case reports and two retrospective reviews; 26 
patients developed an acute confusional state after MB infusion; 24 of these patients 
were taking an SRI, and one was taking clomipramine. Serotonin syndrome was a 
possible diagnosis in all 25 of these patients. They concluded that serotonin reup-
take inhibitors could interact with MB to cause a serious adverse reaction consistent 
with serotonin syndrome.

Less commonly, yet still worth consideration, is the potential for serotonin syn-
drome in cardiac patients undergoing surgery. Cardiac patients are often depressed 
and prescribed SSRIs. MB is utilized preoperatively in these patients to control 
vasoplegic shock and can precipitate serotonin syndrome in this population [59, 61]. 
Reports of serotonin syndrome from MB use in urological procedures have also 
been reported [59].

 The Pediatric Patient

Serotonin syndrome must be considered in the pediatric population, now that behav-
ioral disorders are more frequently treated with serotonergic formulations. 
Additionally, unintentional exposures of children to serotonergic drugs may occur 
due to the rising number of serotonergic antidepressants being prescribed to adults. 
Children and adolescents may present differently than adults, more commonly pre-
senting with symptoms of headache, anxiety, nervousness, insomnia, agitation, and 
sedation [45]. Several case reports describe children who developed the serotonin 
syndrome after overdosing on serotonergic antidepressants and even while on thera-
peutic doses of these drugs, sometimes in combination with other serotonergic 
drugs [62, 63].

 Dextromethorphan, an opioid with serotonin reuptake inhibitor activity, 
is widely used in cough syrups. It should be given cautiously to children who take 
behavior-modifying medications since it may trigger a serotonin syndrome.

 The Patient Who Uses Herbal Remedies

In addition to traditional prescription antidepressants, herbal antidepressants may 
also cause serotonin syndrome. In general, due to lack of standardization, herbal 
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remedies vary in potency and side effects [64]. The mechanism of St. John’s Wort 
(Hypericum perforatum) is not entirely clear. It is hypothesized that certain con-
stituents of St. John’s Wort, most notably hypericin and hyperforin, may reduce the 
expression of serotonin receptors, increase the numbers of 5-HT1A and 5-HT2A 
receptors, inhibit synaptosome serotonin uptake, and induce certain CYP-450 
enzymes [64, 65]. The biggest risk of serotonin syndrome with St. John’s Wort is 
when it is ingested concomitantly with SSRIs; therefore, this should be avoided 
[65]. However, Parker [66] reported a patient who developed cognitive and auto-
nomic symptoms following 10 days of monotherapy with St. John’s Wort. Other 
herbal remedies that may also increase the activity of serotonin include black seed 
oil [67], ginseng, Brewer’s yeast, and yohimbine.

 Differential Diagnosis

Serotonin syndrome is often misdiagnosed as it can easily be mistaken for other 
pathological processes. Since there are no laboratory tests to diagnose serotonin 
syndrome, physicians should be aware of the appropriate symptomatology so as to 
exclude other causes and obtain an accurate diagnosis. A comprehensive differential 
diagnosis for serotonin syndrome is as follows [6, 9, 11]:

• Neuroleptic malignant syndrome (NMS)
• Malignant hyperthermia
• Anticholinergic poisoning
• Heatstroke
• Serotonergic discontinuation syndrome
• Central hyperthermia
• Cerebral vasculitis
• Thyroid storm
• Delirium
• Delirium tremens
• Sympathomimetic overdose
• Meningitis
• Encephalitis
• Tetanus
• Alcohol or drug withdrawal
• Nonconvulsive seizures
• Stiff person syndrome

Table 8.5 compares signs and symptoms of the top differentials when consider-
ing a patient with serotonin syndrome [10].
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 A Common Mistake: Misdiagnosis of Serotonin Syndrome 
as Neuroleptic Malignant Syndrome

Neuroleptic malignant syndrome (NMS) is another lethal disorder that is most often 
seen in psychiatric patients. A similar disorder is also seen in parkinsonian patients 
when withdrawing dopaminergic agents. The mechanism is thought to be blockade 
of central dopamine receptors in the basal ganglia and hypothalamus and blockade 
of peripheral postganglionic sympathetic neurons in smooth muscle. The clinical 
picture may mimic that of serotonin syndrome. The American Psychiatric 
Association’s Diagnostic and Statistical Manual of Mental Disorders (DSM-IV-TR) 
[68] defines NMS as the development of severe muscle rigidity and elevated tem-
perature in association with two or more of the following: diaphoresis, dysphagia, 
tremor, incontinence, changes in level of consciousness, mutism, tachycardia, ele-
vated or labile blood pressure, leukocytosis, and laboratory evidence of muscle 
injury (elevated creatinine phosphokinase).

The clinician must be able to distinguish between serotonin syndrome and neu-
roleptic malignant syndrome because the management is different. Serotonin syn-
drome treatment is reviewed below, while NMS is treated with dopaminergic agents. 
Sun-Edelstein [8] noted that attempts to use bromocriptine to treat patients with 
misdiagnosed neuroleptic malignant syndrome who actually had serotonin syn-
drome triggered a worsening of serotonergic signs and symptoms. Since ergots, 
such as bromocriptine, also have 5-HT2 antagonist activity, the relationship of bro-
mocriptine to the development of serotonin syndrome is uncertain.

 Laboratory Studies

There are no specific laboratory studies that will help to positively identify sero-
tonin syndrome. The gold standard is diagnosis by a medical toxicologist [6, 9]. 
Since serotonin syndrome is largely a diagnosis of exclusion, the following labora-
tory data can be useful to eliminate other causes of disease and to identify any 
complications of serotonin syndrome:

• Complete blood count (CBC)
• Serum electrolytes
• Blood urea nitrogen (BUN) and creatinine
• Creatine phosphokinase
• Liver function tests
• Blood culture
• Urinalysis and urine culture
• Coagulation studies
• Toxicology screen
• Cerebrospinal fluid (CSF) analysis and culture
• Head computed tomography (CT)
• Brain magnetic resonance imaging (MRI)
• Electroencephalogram (EEG)
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Additionally, it is not necessary to demonstrate increased drug levels of the sero-
tonergic agents. In fact, the majority of patients do not have elevated drug levels. 
The serotonin metabolite, 5-HIAA, can be measured but does not aid in diagnosing 
serotonin syndrome. In neuroleptic malignant syndrome, serum creatinine kinase 
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 EEG may be necessary to rule out seizures.

Complications of serotonin syndrome include: rhabdomyolysis (from muscle 
rigidity), hypoxia (from respiratory muscle rigidity or coma), disseminated intravas-
cular coagulation (from multiple organ failure), metabolic acidosis (from seizures or 
ventricular tachycardia), aspiration pneumonia (from decreased level of conscious-
ness), arrhythmias, respiratory failure, respiratory arrest, coma, and death [6, 9]. 
Hyperthermia increases the morbidity and mortality from serotonin syndrome [31]. 
The hyperthermia has been attributed to activation of the 5-HT2A receptor [31].

 Management of the Patient

 Serotonin syndrome must be promptly recognized. Misdiagnosis, 
inability to recognize the rapid progression of the syndrome, and adverse pharma-
cological therapy effects may be potential management problems faced by physi-
cians [10]. A thorough review of the patient’s past medical history, prescriptions, 
over-the-counter medications, and dietary supplement use should be conducted. 
Treatment considerations are often complex, as the therapy chosen will depend 
upon the severity of the serotonin syndrome.

Table 8.6 reviews the management of serotonin syndrome.

 An Overview

Supportive care is initiated to stabilize vital signs and control agitation, hyperther-
mia, and autonomic dysfunction, which are commonly manifested as fluctuations in 

Table 8.6 Management of serotonin syndrome

Prompt recognition
Supportive care to control agitation, hyperthermia, and autonomic dysfunction
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 may be considered
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blood pressure and heart rate [10]. Supportive management includes maintaining 
oxygen saturation ≧93%, IV hydration, cardiac monitoring, external cooling, seda-
tion with benzodiazepines as needed, and observation for ≧6 h [9, 11]. All seroto-
nergic agents must be discontinued. The severity and rapidity of symptoms help 
determine the management. The clinician may consider pharmacotherapy with a 
benzodiazepine and/or nonspecific serotonin receptor blockers, such as cyprohepta-
dine, chlorpromazine, and methysergide. Supportive therapy, discontinuation of 
serotonergic drugs, and administration of benzodiazepines often alleviate mild 
cases of serotonin syndrome [10]. In more severe cases, intensive care unit monitor-
ing and treatment may be necessary. Interventions such as external cooling, muscu-
lar paralysis with neuromuscular blocking agents, endotracheal intubation and 
mechanical ventilation, control of autonomic instability, hemodynamic instability, 
and sedation with an intravenous benzodiazepine may be indicated.

 The Role of Benzodiazepines

Benzodiazepines, such as lorazepam or diazepam, are integral to the treatment of 
mild-to-moderate serotonin syndrome [10]. In a case series by Moss [13], benzodi-
azepines were the most common treatment for serotonin syndrome, used in 67% of 
cases. Benzodiazepines may have a protective role due to nonspecific inhibitory 
effects on serotonergic transmission. Benzodiazepines also treat muscle hypertonia. 
Aside from benzodiazepines, other agents that may modify serotonergic excess 
include nonspecific serotonin receptor blockers, such as cyproheptadine, chlor-
promazine, and methysergide. Drugs that have anticholinergic properties, such as 
haloperidol, should be avoided.

 The Role of Serotonin Receptor Blockers

 Oral Cyproheptadine

Due to the currently accepted mechanism for the development of serotonin syn-
drome, treatment with a 5-HT2A antagonist is advised. Cyproheptadine is a first- 
generation histamine-1 receptor-blocking agent with nonspecific antagonist 
properties at 5-HT1A, 5-HT2B, 5-HT2C, 5-HT3, 5-HT6, and 5-HT7 receptors, and weak 
anticholinergic properties [17]. The dose of cyproheptadine that binds 85% to 95% 
of serotonin receptors is 12 mg orally (or crushed and administered through a naso-
gastric tube) initially, with 2 mg every 2 h until symptoms resolve, followed by a 
maintenance dose of 4–8 mg every 6 h with a maximum of 32 mg in 24 h [6, 8, 17]. 
Patients with serotonin syndrome often respond within hours of receiving 4–8 mg 
of cyproheptadine by mouth [69]. Cyproheptadine is available only in tablet and 
liquid forms; there is no parenteral formulation. Cyproheptadine may cause seda-
tion, which can be useful for the agitation in SS [10]. Physicians should be aware of 
other side effects of cyproheptadine such as urinary retention, tachycardia, sedation, 
hyperthermia, and delirium [70].
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While cyproheptadine is advised for serotonin syndrome, it is not always used 
and its effect in preventing mortality is questioned. Moss [13] notes its use in about 
15% of cases, most of which were severe. In a case series by Nguyen et al. [70], out 
of 288 cases, cyproheptadine was not recommended in 28% cases and was recom-
mended but not administered in 48% of cases. Those who did receive cyprohepta-
dine were older, more frequently intubated and sedated, and often critical care 
patients as compared with those who did not. The efficacy of cyproheptadine in 
these cases is unclear, and its effectiveness may have been influenced by polyphar-
macy, duration of serotonergic drug use, duration and severity of symptoms, com-
plications, and ability to correctly diagnose serotonin syndrome in a timely manner 
[70]. This study did not find a significant association between cyproheptadine use 
and the severity of patient outcome; therefore, supportive care remains the most 
important treatment of serotonin syndrome, and adverse effects versus the benefit of 
cyproheptadine should be weighed before deciding upon its use.

 Intravenous Chlorpromazine

If charcoal has already been given, intravenous chlorpromazine must be adminis-
tered rather than cyproheptadine. Currently, chlorpromazine that shows nanomo-
lar affinity for cloned human 5-HT2A receptors is the only intravenous 5-HT2A 
antagonist that is effective in the treatment of serotonin toxicity [8, 10]. The initial 
dose of chlorpromazine is 12.5–25 mg intravenously, followed by 25 mg orally or 
intravenously every 6  h, although higher doses have been used with apparent 
safety and effectiveness. Chlorpromazine treatment should be preceded by fluid 
loading as it can precipitate hypotension through α (alpha)-2 adrenoceptor antag-
onism. Patients who require acute parenteral therapy for the serotonin syndrome 
are often hypertensive and are not ambulatory, so the risk of orthostatic hypoten-
sion is minimized.

Chlorpromazine should be avoided if the drugs that precipitate serotonin toxicity 
have pronounced cardiotoxic or epileptogenic properties (i.e., venlafaxine), as it 
may aggravate those symptoms. Chlorpromazine, as a neuroleptic, may cause 
hyperthermia as an idiosyncratic response and thus potentially aggravate the hyper-
thermia of serotonin syndrome. Chlorpromazine should not be given to a patient 
with neuroleptic malignant syndrome as it may worsen the condition [8, 10].

 Induction of Paralysis

As Boyer and Shannon [10] noted, paralysis should be performed with nondepolar-
izing agents such as vecuronium. Etomidate and succinylcholine may be used to 
induce paralysis; however, succinylcholine should be avoided in patients with pos-
sible arrhythmia due to hyperkalemia from rhabdomyolysis. The use of dantrolene 
in animal models of serotonin syndrome has not shown efficacy [6].
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 Treatment of Hyperthermia

In serotonin syndrome, the appropriate therapy for hyperthermia is neuromuscular 
paralysis, as the hyperthermia results from excess muscle activity rather than an 
alteration in the hypothalamic temperature set point. Consequently, antipyretic 
drugs are not typically needed to treat the fever during serotonin toxicity. Physical 
restraints should be avoided since they may increase the isometric muscle contrac-
tions associated with lactic acidosis and hyperthermia.

 Treatment of Autonomic Instability

Symptomatic treatment is needed in patients with serotonin syndrome with fluctuat-
ing blood pressure, cardiac effects, and hemodynamic instability. Low doses of 
direct acting sympathomimetics (phenylephrine, norepinephrine, and epinephrine) 
should be used to treat hypotension from MAO inhibitor effects. If hypertension and 
tachycardia persist, short-acting cardiovascular drugs (esmolol and nitroprusside) 
can be administered. Propranolol, a long-acting beta blocker, should be avoided due 
to the risk of hypotension and shock in the setting of autonomic instability. 
Propranolol may also mask tachycardia, which is important for monitoring treat-
ment response [6].

 Treatment of the Pediatric Patient

The treatment of serotonin syndrome in children is similar to that in adults. 
Recognition of the syndrome and discontinuation of the offending agent(s) are criti-
cal. Supportive care, maintenance of high urine output, and prevention of rhabdo-
myolysis are crucial. Cyproheptadine is recommended in severe cases of serotonin 
syndrome in children. Dosages of cyproheptadine need to be adjusted according to 
the child’s age and/or size.

 The Prognosis

The prognosis for serotonin syndrome may vary depending on the severity of dis-
ease. This condition is both preventable and treatable. The prognosis of serotonin 
syndrome is generally good if there is prompt recognition, with improvement often 
within 24 h of symptom onset [10]. Mild cases warrant observation for 6–12 h to 
manage symptoms of clonus, hypertension, and anxiety. Moderate cases may 
require hospitalization for cardiac monitoring. Severe cases often call for admission 
to the intensive care unit (ICU).

M. F. Gordon et al.



165

 Opioids and antiemetics are commonly added to patient regiments in the 
ICU. Patients admitted to the ICU, for reasons both related and unrelated to sero-
tonin syndrome, who continue outpatient serotonergic prescriptions and are started 
on new serotonergic agents may precipitate or worsen serotonin syndrome [71].

Without treatment and discontinuation of serotonergic agents, the prognosis may 
not be as favorable. The syndrome may be present for longer periods in cases involv-
ing serotonergic drugs with long duration of action, active metabolites, or long half- 
lives [8, 10].

 Prevention

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 lowest effec-
tive dose should be prescribed, and the patient should be monitored closely for 
serotonin syndrome [72]. 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 MAO- 
I. Regular monitoring of the patient after dosage increases and with continued use 
of the serotonergic agents is imperative [72].

When prescribing a serotonergic agent, it is important 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). Increased knowledge of the serotonin syndrome, 
including potential offending serotonergic agents and selected genetic polymor-
phisms of the hepatic P450 system (e.g., CYP2D6 enzyme), and the recognition of 
regimens of multiple serotonergic agents can reduce the risk of serotonin syndrome 
[10]. If serotonin syndrome occurs, clinicians should discontinue the offending 
agent(s) and allow a substantial washout period (usually, about 3  weeks) before 
restarting any necessary serotonergic agents [71].

 Conclusion

Serotonin syndrome is an uncommon but potentially life-threatening condition 
related to excess serotonergic activity. The clinical features seen in serotonin syn-
drome represent a concentration-dependent range of toxicity due to an increase in 
the intrasynaptic concentration of serotonin in the central nervous system [5]. The 
critical serotonin receptor required for activation of serotonin toxicity is the 5-HT2A 
receptor. Increased awareness of serotonin syndrome and possible offending agents 
may reduce the risk of this syndrome or promote earlier recognition and treatment. 
Fortunately, knowledge of drug mechanisms, pharmacology, and interactions can 
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help prevent this syndrome. Since the implicated medications are employed in vari-
ous clinical situations, health-care providers must be familiar with the agents asso-
ciated with serotonin syndrome. Prompt identification and management of suspected 
cases are necessary.
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Acute Spinal Rigidity

Philip D. Thompson

 Patient Vignettes

 Patient 1

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 walking 
continued to deteriorate, and spasms of the back and right leg developed with flexion 
of the trunk, hip, and knee. Examination revealed a rigid right leg with palpable 
contractions in all muscle groups, brisk tendon reflexes, and an extensor plantar 
response. There was no truncal rigidity or sensory loss. Sensory stimulation elicited 
a brisk flexion withdrawal of the whole leg. Similar flexion spasms of the right leg 
and hip interfered with her gait. Spinal cord imaging was normal. A glucose 
tolerance test was abnormal. Antiglutamic acid decarboxylase (AntiGAD) 
antibodies were not detected. Baclofen improved the rigidity and mobility. One year 
later her mobility declined again. On this occasion, examination revealed abdominal 
wall, lumbar paraspinal, and bilateral leg rigidity. The clinical picture was now 
consistent with stiff person syndrome. AntiGAD antibodies remained negative until 
10 years after the initial presentation, at which time she developed stimulus-sensitive 
brainstem myoclonus in response to auditory stimuli and nose and mantle taps. This 
case illustrates the focal onset of rigidity in one leg and subsequent evolution of the 
stiff person syndrome, despite absent antiGAD antibodies.
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 Patient 2

A 68-year-old woman presented with inability to stand or move her legs following 
a fall. This occurred on the background of a 2-month history of progressive difficulty 
walking, associated with leg muscle spasm, falls, pain, and altered sensation in the 
legs. Upper limb and sphincter function were normal. Examination revealed the 
rigid extension of both legs and plantar flexion of the feet. Voluntary leg movement 
was impossible and the legs could not be bent by passive manipulation because of 
rigidity. Tendon taps and cutaneous stimulation elicited prolonged jerking of the 
legs with prominent crossed reflex responses. Plantar responses were extensor, and 
magnetic resonance imaging of the spinal cord was normal. Magnetic brain 
stimulation produced normal responses in leg muscles (indicating intact corticospinal 
pathways). Peripheral nerve stimulation elicited bursts of muscle activity followed 
by prolonged tonic activity consistent with exaggerated cutaneomuscular 
(exteroceptive) reflexes. Multiple investigations were normal or negative, including 
anti-GAD antibodies. The cerebrospinal fluid contained six monocytes and 
borderline IgG elevation but no oligoclonal bands. She then developed a right facial 
sensory disturbance, a left sixth nerve palsy, and then a left conjugate gaze palsy. 
Intravenous methylprednisolone and oral prednisolone improved the rigidity and 
gaze palsy. Three weeks later rigidity had subsided, she was able to walk unaided, 
and tendon reflexes were normal. There has been no recurrence of symptoms over 
10 years of follow-up.

This case illustrates leg rigidity as the presenting feature of progressive encepha-
lomyelitis with rigidity (PERM). Severe leg rigidity mimicked paraplegia but elec-
trophysiological testing confirmed that corticospinal tracts were intact. Testing for 
antiglycine receptor antibodies was not available at the time, but the clinical presen-
tation and subsequent dramatic response to corticosteroids were consistent with an 
inflammatory, presumed immune-mediated etiology.

 The Differential Diagnosis of Rigidity

 Rigidity and Basal Ganglia Disease

Rigidity in Parkinson’s disease, the striatonigral form of multiple system atrophy, or 
neuroleptic-induced parkinsonism, is characterized by a uniform increase in muscle 
tone that is detected as a continuous “lead pipe” resistance to passive movement of 
a limb. The classic form of parkinsonian rigidity is described as “cog-wheeling.” 
Rigidity in basal ganglia disease is often most prominent in axial muscles. The 
mechanisms of this increase in tone are poorly understood. Increased muscle tone 
in dystonia is typically variable and may be related to movement (action dystonia). 
During movement, co-contraction of antagonist muscle pairs and overflow of 
muscle activity lead to an increase in muscle tone and twisted or dystonic limb 
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postures. The dystonic postures and excessive muscle contractions subside during 
rest, although in advanced primary and secondary dystonia there may be a sustained 
increase in muscle tone that persists in repose.

 Increased Tone in Spasticity and the Upper Motor 
Neuron Syndrome

Hypertonia in spasticity is associated with enhanced monosynaptic muscle stretch 
reflexes. Increased tone is detected as a “catch” or an abrupt increase in tone felt 
after rapidly stretching a muscle. This effect is typically velocity dependent, and 
stretching the muscle at different speeds may be necessary to detect an increase in 
tone. The increase in tone is followed by a reduction in tone, the “clasp-knife” 
phenomenon that is best appreciated in the extensor (quadriceps, triceps surae) 
muscles of the lower limbs. Brisk tendon reflexes and altered cutaneous reflexes, 
including loss of superficial abdominal reflexes and extensor plantar responses, are 
also signs of spasticity and the upper motor neuron syndrome.

 Frontal Lobe Rigidity

The distinguishing characteristic of frontal rigidity (paratonia) is a progressive 
increase in muscle tone during limb manipulation. As the amount of resistance 
encountered increases, greater force is required to move the limb, giving the 
impression that the patient is not fully relaxed or is voluntarily resisting or opposing 
the movement imposed by the examiner. This is also referred to as “gegenhalten.” 
Frontal lobe signs including grasp reflexes are useful adjuncts to recognizing frontal 
rigidity. Rigidity with similar characteristics to paratonia or gegenhalten, 
accompanied by waxy flexibility and posturing of the limbs, may be the presenting 
feature of catatonia and the neuroleptic malignant syndrome. Mutism, stupor, and 
frontal lobe signs are also evident. These conditions are described elsewhere in 
this book.

 Muscle Stiffness and Peripheral Nerve Hyperexcitability

Hypertonia caused by continuous muscle activity due to peripheral neuromuscular 
hyperexcitability in Isaacs’ syndrome is referred to as neuromyotonia. This is 
accompanied by widespread muscle rippling due to fasciculations and myokymia, 
and delayed muscle relaxation after voluntary contraction. Tendon reflexes may be 
absent and, in some cases, other signs of neuropathy are an important clue to the 
peripheral origin of the syndrome. Characteristic high-frequency electromyographic 
discharges, also referred to as neuromyotonia and myokymia, are useful in diagnosis.
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 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 the 
examination of muscle tone and resistance to passive movement at rest are normal. 
Some congenital myopathies, muscular dystrophies, and inflammatory myopathies 
are associated with muscle contractures, (limiting the range of limb movement), 
which may be misinterpreted as rigidity. Electromyography indicating electrical 
silence in shortened muscles indicates contracture, and imaging of paraspinal 
muscles can demonstrate fatty replacement in fibrotic contracture of affected 
muscles in axial myopathy.

 Clinical Features of Spinal Rigidity

Spinal rigidity is attributed to unrestrained discharge of spinal alpha motor neurons, 
isolated or released from normal inhibitory interneuronal control, causing continuous 
muscle activity, and co-contraction of antagonist muscle groups. Accordingly, 
spinal rigidity is also referred to as “alpha” rigidity [1–3]. The continuous motor 
activity is barely influenced by voluntary effort or stimulation of reflex pathways, 
further indicating the isolation of spinal interneurones from segmental reflex and 
descending supraspinal influences. The physiology of spinal rigidity has been 
studied in experimental canine models of spinal cord ischemia causing selective 
damage to interneurones in the posterior central spinal gray matter, sparing anterior 
horn cells [1]. Loss of inhibitory and excitatory interneuronal activity increased 
motoneuronal excitability resulting in a spontaneous, continuous discharge of spinal 
motoneurones and continuous muscle contraction and rigidity. The posture of the 
rigid hindlimbs resembled decerebrate rigidity but was constant without phasic 
exacerbations and was not influenced by positional change, cutaneous, or noxious 
stimuli. Dorsal root section did not abolish or prevent the development of spinal 
rigidity, indicating that the rigidity was not driven by afferent feedback [1]. The 
continual muscle contraction was followed by muscle contracture after a few days.

The characteristic clinical sign of spinal rigidity is an increase in muscle tone 
that is more or less uniform throughout the range of passive or attempted voluntary 
movement. Rigidity can be so intense that passive manipulation of the affected limb 
is difficult. Severe rigidity is frequently accompanied by abnormal limb posturing 
with superimposed prolonged spasms, segmental myoclonus, or a jerky tremor. 
Persistent muscle contraction also leads to contractures and fixed limb deformities. 
Spinal rigidity is an uncommon clinical phenomenon. Recognizing spinal rigidity 
can be a challenging clinical task and differentiating spinal rigidity from the many 
causes of hypertonia (Table  9.1) is usually influenced by the presence of other 
clinical signs. In most examples of spinal rigidity, other signs of a myelopathy are 
present. These include segmental muscle wasting and weakness, absent tendon 
reflexes at the level of the spinal lesion, brisk tendon reflexes below the lesion, 
extensor plantar responses, and segmental radicular or long tract sensory signs.
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 Causes of Spinal Rigidity in Man

Spinal rigidity and spasms have been described in a variety of spinal pathologies 
(Table  9.2), which share the common feature of predominant and selective 
involvement of spinal interneurones within the central gray matter of the spinal cord.

 Structural Lesions of the Spinal Cord

Rushworth [3] reported a patient in whom an intramedullary astrocytoma infiltrated 
the central gray matter of the C2-C6 cervical cord. The patient presented with neck 
pain, a wasted left arm, and a Brown-Sequard syndrome. Over the following months, 
both arms became weak, areflexic, rigid, adducted, and extended. Spontaneous 
electromyographic (EMG) activity was recorded in the deltoid, pectoralis major, 
biceps, and triceps. Muscle stretch evoked an increase in EMG activity in these and 
the antagonist’s muscles. Reciprocal innervation during voluntary shoulder 
abduction was impaired. The authors concluded that this “alpha rigidity” was due to 
spontaneous discharge of motoneurones isolated from interneuronal inhibitory 
control, and therefore insensitive to reflex or voluntary inputs.

Table 9.1 Differential diagnosis of muscle stiffness, rigidity, and spasms caused by conditions 
affecting the central nervous system. These are to be distinguished from muscle cramps that have 
peripheral neuromuscular causes. It is always important to exclude muscle contracture (electrically 
silent) as the cause of a fixed rigid limb posture

Stiffness, rigidity, spasm
Stiff person syndrome (SPS)
Progressive encephalomyelitis with rigidity and myoclonus (PERM)
Spinal rigidity associated with spinal lesions
Akinetic rigid basal ganglia syndromes
Axial torsion dystonia
Frontal rigidity (paratonia, gegenhalten)
Tetanus, strychnine poisoning
Muscle cramps
Benign physiological cramps
Peripheral nerve hyperexcitability syndromes (neuromyotonia)
Schwartz Jampel syndrome
Metabolic myopathies (electrically silent cramps)
Brody disease (electrically silent cramps)
Endocrine myopathies
Muscle contracture
Myopathies with contracture
Inflammatory myopathies (polymyositis)
Ischemic contracture of muscle (Volkmann)
Inherited genetic myopathies
   Rigid spine syndrome (cervical and thoracic spine)
   Bethlem myopathy (elbow, fingers, ankle)
   Emery Dreifuss myopathy (spine, elbows, fingers)
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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 due 
to 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 to L5 produced only a transient 
reduction in rigidity and spasm. In a further patient with posttraumatic hydromyelia, 
dorsal rhizotomy (T11-L1) and subsequently T12-L1 spinal cord section failed to 
relieve painful flexor spasms and rigidity of the legs [5]. Removal of the isolated 
segment of the spinal cord and associated ventral roots reduced the muscle activity. 
Pathological examination 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 stiffness of the hips, pain and numbness in the 
lower back, scoliosis, board-like rigidity of the abdomen, persistent contraction of 
lumbar paraspinal muscles, and “plastic” rigidity of the legs with slow leg 
movements. A spinothalamic sensory loss with sacral sparing suggested an 
intramedullary spinal cord lesion. There were spontaneous rhythmic contractions of 
the hip adductor, external oblique, and paraspinal muscles that persisted during 
sleep, consistent with spinal myoclonus.

 Necrotizing Myelopathy

Penry [2] described a patient with “subacute necrotizing myelopathy” and extensive 
gliosis with the destruction of the posterolateral central gray and white matter in the 
posterolateral spinal cord between C3 and T8. The initial clinical presentation was 
of a cervical myelopathy evolving over weeks, with flaccid weakness of the left arm 
and an asymmetric quadriplegia. Five months later, rigidity and spasms developed 
in the left arm, which was held in a posture of shoulder abduction and internal 
rotation, elbow flexion, wrist dorsiflexion, and finger flexion. A curious and 
distinctive finding was the inability to activate voluntarily the muscles in spasm. 
Intense EMG discharges in muscles of the left arm were not influenced by muscle 
stretch or tendon taps.

Table 9.2 Spinal lesions and myelopathy associated with spinal rigidity

Traumatic spinal injury
Intrinsic spinal tumors
Demyelinating myelopathies and multiple sclerosis
Arteriovenous malformations
Spinal cord ischemia
Necrotizing myelopathy
Syringomyelia
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 Tetanus and Strychnine

The rigidity accompanying tetanus may be localized to the site of infection but there 
is often spread with facial (risus sardonicus) and jaw spasm (trismus or lockjaw). 
Spasms occur spontaneously or in response to auditory or cutaneous stimulation, 
spreading throughout the body producing abdominal rigidity and opisthotonic 
spasms. Spasms and rigidity may be dramatic, building in a crescendo fashion over 
several seconds, lasting for minutes, and spreading 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 decreased consciousness may accompany the spasms of 
strychnine poisoning. Both tetanus and strychnine disrupt inhibitory glycinergic 
and GABA release, blocking interneuronal inhibition of motoneurons in the spinal 
cord, brainstem, and possibly 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 the First World War [9]. These 
included jerks and spasms with phasic and tonic elements that resulted in 
multisegmental movements of the abdomen, pelvis, and legs, and coordinated 
locomotor-like activities of the legs [9, 10]. Similar rhythmic activities arising from 
an isolated segment of the spinal cord have been described in traumatic paraplegia 
[11], spina bifida [12], and experimental encephalomyelitis [13]. Varying 
combinations of spontaneous motor activities including rigidity and myoclonic or 
tremulous movements have been described in “spinal myoclonus.”

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 was accompanied by a posture of flexion 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 identified in the 
lumbar region. Involvement of the central spinal gray 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 plantar flexion. In between the myoclonus, muscle tone in the legs was increased 
with spasticity and plastic rigidity. Fasciculations were recorded on EMG between 
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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 interneurons with 
relative sparing of the large anterior horn cells. The anterior spinal artery was virtu-
ally occluded at the mid-thoracic level.

 Spinal Interneuronitis and the Stiff Leg Syndrome

Isolated rigidity and spasms affecting one leg (the “stiff leg syndrome”) have been 
attributed to segmental motoneuronal disinhibition caused by a localized form of 
spinal interneuronitis [16]. A similar mechanism involving spinal interneurones has 
been proposed to explain spasms, rigidity, and continuous motor unit activity in an 
inflammatory myelopathy [17, 18].

 Rigidity in the Stiff Person Syndrome

Rigidity, due to continuous motor unit activity, is usually the initial symptom of the 
stiff person syndrome (SPS) and is often focal (leg) or segmental (leg, trunk). Delay 
in diagnosis is common and by the time of diagnosis other signs have commonly 
appeared with rigidity progressing to generalized distribution over a variable period 
[19]. The initial focal or segmental distribution of rigidity in SPS, confined to the 
lower trunk and legs, or one leg, is suggestive of segmental spinal rigidity. Rigidity 
may vary with cutaneous or emotional stimuli. Sudden increases in tone in response 
to such stimuli can interfere with voluntary movement and lead to falls. Continuous 
motor unit activity in thoracolumbar paraspinal and abdominal muscles is a charac-
teristic finding and becomes more prominent with time leading to axial stiffness, an 
exaggerated lumbar lordosis, and “board-like” rigidity of the anterior abdominal 
wall. Stimulus-sensitive spasms caused by enhanced cutaneomuscular reflexes are 
superimposed on the rigidity [19]. These occur in response to sensory stimulation of 
the lower limb and begin with a myoclonic burst followed by a prolonged phase of 
tonic contraction representing the “spasm.” This activity may be misinterpreted as 
brisk tendon reflexes due to spasticity. Similar responses occur after an unexpected 
auditory stimulus. Electrophysiological studies demonstrating continuous muscle 
contraction and enhanced cutaneomuscular reflexes along with serological testing 
for anti-GAD antibodies are helpful in diagnosis [19]. Repetitive spasms in SPS can 
be accompanied by dysautonomia with hypertension, tachycardia, and sweating.

The precise nature and anatomical location of the disturbance causing the SPS 
and associated rigidity are not known [19]. Alterations in the descending brainstem 
control of muscle tone are evident in the exaggerated startle response, the enhanced 
cutaneomuscular responses, and similar responses to unexpected supraspinal visual, 
auditory or emotional stimuli. The continuous muscle activity may reflect 
disinhibition of spinal motoneurones at a segmental level as discussed for spinal 
rigidity.
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 Progressive Encephalomyelitis with Rigidity and Myoclonus

Similarities in the distribution and pattern of rigidity in PERM and SPS were recog-
nized in the early descriptions of PERM, but the subacute onset, a fluctuating progres-
sive course and clinical signs of brainstem involvement such as ophthalmoplegia, 
dysphagia, gait and limb ataxia, and sensory symptoms were clearly different [20–22]. 
Both SPS and PERM show pathological evidence of perivascular inflammation in the 
brainstem and spinal cord consistent with an inflammatory encephalomyelitis [19]. In 
2008, Hutchison et al. [23] described a 54-year-old man who presented with “violent” 
generalized brainstem myoclonus triggered by sensory and auditory stimuli, severe 
rigidity, and brainstem signs consistent with PERM. There was a cerebrospinal fluid 
lymphocytosis, anti-GAD antibodies were negative and he improved with immunosup-
pression. Subsequently, high titers of antiglycine receptor antibodies were identified 
(investigated on the basis that the prominent brainstem myoclonus was reminiscent of 
hereditary hyperekplexia due to glycine receptor mutations) [23]. In fact, other similar 
cases of PERM with prominent brainstem myoclonus had been reported in the litera-
ture and referred to as the “jerking stiff man” [24] and symptomatic hyperekplexia [25, 
26]. A strong association has since been established between glycine receptor antibod-
ies and the clinical presentation of PERM with a subacute onset over weeks and 
improvement with immunotherapy through relapses may occur [27]. To date, antibod-
ies are not identified in one third of PERM cases [27, 28]. Between 10% and 20% of 
patients with antiglycine receptor antibodies have an underlying malignancy [27].

 There is a strong association between glycine receptor antibodies 
and progressive encephalomyelitis with rigidity and myoclonus. The diagnosis of 
PERM requires a search for an underlying malignancy.

 Other Immune Associations of Rigidity

Antiamphiphysin antibodies associated with breast cancer have been associated 
with SPS typically beginning with upper limb rigidity [29]. The neurological signs 
may precede the discovery of cancer. Accordingly, the onset of upper limb rigidity 
in a female should prompt a search for breast malignancy and include follow-up 
examinations [29]. Other immunological associations with the clinical picture of 
PERM include antibodies to DPPX [30], gephyrin [31], and anti-Ri antibodies [32] 
(Table 9.3). Some of these may also represent paraneoplastic syndromes [31, 32]. In 
addition to rigidity and myoclonus, anti-Ri PERM may exhibit other neurological 
signs including opsoclonus, ataxia [32], and bulbar (facial, masticatory) rigidity 
(unpublished personal observations).

 A presentation of a unilateral rigid arm in a female patient should prompt 
an intense search for an underlying breast malignancy.
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 Management

The management of acute rigidity and associated movement disorders is based on 
the identification of the anatomical site of origin of the neurological signs and then 
the underlying cause. This requires appropriate imaging of the spinal cord. Where 
structural or inflammatory disease of the spinal cord is identified, treatment revolves 
around the management of the spinal pathology and cause. Serological studies for 
anti-GAD and antiglycine receptor antibodies along with electrophysiological test-
ing for enhanced cutaneomuscular reflexes are helpful when SPS or PERM is sus-
pected. Disease-modifying immunological therapies such as intravenous 
immunoglobulin are effective in SPS [33], but in general immune strategies are 
more effective in PERM, though relapses can occur [27, 28]. A detailed discussion 
of the immunotherapy strategies used is beyond the scope of this chapter. In each 
case, such therapies need to be individually tailored.

Drugs such as baclofen, tizanidine, and diazepam are useful in the symptomatic 
treatment of spinal rigidity and spasms (Table 9.4). Large doses are often needed 
and intrathecal baclofen may provide a more effective method of delivery. Abrupt 
cessation of these drugs must be avoided as this may precipitate a severe exacerba-
tion of rigidity accompanied by acute autonomic failure [34].

 Acute withdrawal or interruption of intrathecal baclofen can precipitate a 
hyperkinetic crisis that can be fatal. Complaints of fever, an abrupt increase in rigid-
ity, or alteration of mental status in a patient with an intrathecal baclofen pump 
should always prompt immediate evaluation in the emergency room.

Table 9.3 Antibodies associated with immune-mediated rigidity presenting with the clinical pic-
ture of the stiff person syndrome (SPS) or progressive encephalomyelitis with rigidity and myoc-
lonus (PERM). In a retrospective study of neuroimmunological investigations in 121 patients 
designated “stiff-person spectrum disorder” the commonest antibodies identified were anti- 
GAD65 associated with SPS and antiglycine receptor antibodies were associated with “SPS plus” 
(analogous to PERM) [28]. The other antibodies listed in the table below were detected infrequently 
and antibodies were not detected in one-third of the patients [28]

Antiglutamic acid decarboxylase (GAD) (SPS) [19, 28]
Antiglycine receptor (PERM) [23, 27, 28]
Antiamphiphysin (paraneoplastic) (SPS) [30]
Antidipeptidyl-peptidase like protein 6 (DPPX) (PERM) [31]
Antigephyrin (PERM) [32]
Anti-Ri (paraneoplastic) (PERM) [33]
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 Conclusion

Focal or segmental spinal rigidity is an unusual neurologic presentation, one that 
carries significant implications for diagnosis and treatment. Recognizing this clini-
cal syndrome and initiating the appropriate work-up and treatment can have a pro-
found effect on patients’ outcomes.
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Status Dystonicus

Inge A. Meijer and Alfonso Fasano

 Patient Vignettes

 Patient 1

An 11-year-old boy with dystonic cerebral palsy (CP) presented to the emergency 
department with progressive worsening of dystonic posturing affecting the trunk, 
neck, and left arm, as well as difficulty feeding and swallowing. Upon arrival, he 
was diaphoretic, febrile, and tachypneic, and his creatine kinase level was 
500 U/L. His medications at home included baclofen 10 mg TID and trihexypheni-
dyl 2 mg TID as well as clonazepam 0.5 mg BID. No clear triggers, such as recent 
infections or medication changes, were identified aside from psychological stress-
ors. He was hospitalized in the pediatric intensive care unit for 5 days while baseline 
medication was adjusted and was temporarily sedated with propofol and ketamine 
for complaints of severe pain. Within a 2-week period, he started improving and was 
discharged with adjusted doses of clonazepam, quetiapine, trihexyphenidyl, and 
baclofen as well as close psychiatric follow-up.
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 Patient 2

An 11-year-old boy initially presented with focal leg dystonia at age 8, which gen-
eralized over the following years. He developed subacute worsening of his general-
ized dystonia involving mainly the trunk and limbs, leading to severe pain and 
injuries. Rapid genetic evaluation confirmed the diagnosis of DYT1-TOR1A within 
a week of his admission for SD and enabled urgent deep brain stimulation (DBS) 
implantation of the globus pallidus pars interna (GPi). Within 2 weeks he was dis-
charged with significant improvement and continued to improve over the following 
months/years.

 Introduction

Status dystonicus (SD) was initially defined as “increasingly frequent and severe 
episodes of generalized dystonia,” which necessitate urgent hospital admission 
(Fig. 10.1) [1]. In 1982, Jankovic and Penn first reported SD in a child with general-
ized dystonia (later found to be caused by TOR1A mutation) who deteriorated and 
required muscle paralysis and ventilation [2]. Marsden et  al. later described two 
children with generalized dystonia who presented with life-threatening dystonia 
which they referred to as “desperate dystonics” [3]. Narayan et  al. described an 
18-year-old man with predominantly axial dystonia caused by cerebral palsy (CP) 
who deteriorated markedly after spinal surgery with opisthotonos and dystonic 
spasms of the legs, abdominal, and respiratory muscles [4]. The term “dystonic 
storm” was first coined by Vaamonde et al. in 1994 to describe two children with 
isolated dystonia probably caused by pantothenate kinase-associated neurodegen-
eration (PKAN) who deteriorated following a febrile illness with generalized tonic 
spasms and respiratory distress [5]. In 1998, the current definition of SD was 
described in a case series (1) of 12 cases that included two isolated inherited dysto-
nias, three dyskinetic CPs, three post-traumatic dystonias, one postencephalitic dys-
tonias, one infantile striatal necrosis, one neuroacanthocytosis (presently classified 

Fig. 10.1 A typical 
pediatric case of status 
dystonicus (tonic type) in 
an 11-year-old girl with 
idiopathic generalized 
dystonia of unknown 
etiology. (Courtesy of Sara 
Breitbart, Carolina 
Gorodetsky, and George 
Ibrahim from The Hospital 
for Sick Children, Toronto, 
ON, Canada)

I. A. Meijer and A. Fasano



185

as CHOR-VPS13A), and one unknown acquired dystonia [1]. During the subse-
quent years, a few other series have been reported including another series of five 
patients, that defined SD as “episodes of generalized, intense and potentially fatal 
exacerbation of muscle contractures, usually refractory to traditional pharmacologi-
cal therapy” [6], and two original cases [7]. Nerrant et al. (2018) described 40 SD 
cases with mainly genetic dystonia who underwent 58 SD episodes [8]. The largest 
SD series reported, including 68 patients who presented with 89 SD episodes, fur-
ther elucidated the clinical spectrum, treatment strategies, and outcome of SD [9]. 
The second large SD series included predominantly genetic SD cases most likely 
because of a selection bias for deep brain stimulation (DBS)-implanted cases [8].

 Terminology and Definition

Many different terms other than SD have been employed to describe this condition 
including “dystonic storm” [5], “life-threatening dystonia: [2], “desperate dyston-
ics” [3], and “dystonic state” [10]. It has been suggested that SD is the preferable 
term as “status” is part of the common neurological culture (e.g., status epilepticus, 
SE) [11]. The aforementioned definition by Manji et  al. describes SD as a life- 
threatening event associated with the development of one or more of the following: 
(1) bulbar weakness, (2) respiratory failure, (3) metabolic derangements, and (4) 
exhaustion and pain [1]. However, this definition is limited by the assumption that 
SD generally occurs in patients with underlying dystonia and exclusively with gen-
eralized involvement. However, even nongeneralized dystonia can be a medical 
emergency (Table 10.1) and SD has been described also in patients without dystonia 
at baseline (Fig.  10.2). Therefore, a new definition has more recently been pro-
posed: “SD is a movement disorder emergency characterized by severe episodes of 
generalized or focal hyperkinetic movements that have necessitated urgent hospital 
admission because of the direct life-threatening complication(s) of these 

Table 10.1 Focal/segmental dystonia as emergency

Pathophysiology Causes Phenomenology
Primary disorders 
of CNS

Paroxysmal dystonia Usually involving a lower limb

Lesions Basal ganglia stroke (especially 
putamen)

Usually involving trunk

Drug induced D2 receptors antagonists 
(neuroleptic and antiemetics)

Usually involving trunk (e.g., Pisa 
syndrome) or lower face (e.g., 
oromandibular dystonia)

Degenerative Multiple system atrophy Adductor laryngeal dystonia
Psychiatric Functional dystonia Usually involving trunk (e.g., 

camptocormia) or upper limb
Mimickers Atlantoaxial subluxation, posterior 

fossa and cervical cord lesions, 
retropharyngeal abscess, immune 
reactions.

Usually involving neck, laryngeal 
muscles (i.e., stridor), or upper limb 
(e.g., pseudo-dystonia due to 
somatosensory deficits).

Abbreviations: CNS central nervous system, SD status dystonicus

10 Status Dystonicus



186

movements, regardless of the patient’s neurological condition at baseline” [11, 12], 
whereby a movement disorder emergency is defined as “an event where patients 
develop a movement disorder over hours or several days, and in which morbidity 
and even mortality can result from failure to appropriately diagnose and manage 
the patient” [13]. In spite of these classification efforts, there are no established 
diagnostic criteria of SD, in contrast to SE which is defined by its duration of more 
than 5 min of tonic-clonic seizures [14]; clearly defined criteria that have greatly 
advanced research in SE.

 Prevalence and Phenomenology

SD is characterized by severe, generalized, and continuous hyperkinetic move-
ments, which often occur as the end of a continuum of a relatively rapidly worsen-
ing dystonia following a trigger [9]. Sixty to eighty percent of SD occurs in children 
and adolescents [15] and the majority are male, with dystonia duration of an average 
of 6 years [9, 16]. A recent review describes 34 pediatric cases from a cohort of 336 
dystonic patients who experienced 63 acute dystonic exacerbations, thus suggesting 
that SD may affect up to 10% of children with dystonia [15]. In addition, 60% of 
these SD cases initially developed dystonia between age 0–2 years.

Rarely, SD may occur as the first manifestation of an acute onset of a movement 
disorder, e.g., in Wilson’s disease (DYT-ATP7B), especially when treatment with 
penicillamine is initiated [6]. In other cases, SD is “monophasic,” i.e., it develops in 
an otherwise healthy individual, who recovers to a complete healthy baseline after 
the episode of SD subsides [11]. Although the clinical spectrum of dystonic patients 

Focal dystonia

(Multi-)segmental
dystonia

Generalized dystonia

Trigger(s)

Status dystonicus

No/late/unsuccessful
SD management

No dystonia at
baseline

Death

Fig. 10.2 A nosological framework of status dystonicus. In red, the new concepts introduced by 
the new definition: even nongeneralized dystonia can become a medical emergency and patients 
without dystonia at baseline (or healthy) can present with a status dystonicus
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prior to SD is quite heterogenous, the most common underlying conditions include 
CP, followed by inherited isolated dystonias (mutations in genes such as TOR1A or 
THAP1) and degenerative forms of dystonia such as pantothenate kinase-associated 
neurodegeneration (PKAN) or Wilson’s disease (Table 10.2) [17, 18]. With regard 
to baseline dystonia severity prior to SD, it was shown that 34/63 episodes of dys-
tonia exacerbation were graded with a score of 3 according to the dystonia severity 
action plan (DSAP) score (unable to tolerate lying down and sleep disturbance with-
out metabolic or airway complications) at the time of presentation before evolving 
to SD (grade 4 and 5) [19], thus indicating that SD is the climax of a rapidly pro-
gressive condition.

Table 10.2 Known genetic causes associated with SD [8, 11, 17]

Gene Classification Distinguishing features
DYT-TOR1A Isolated, AD Onset in limbs and often generalizes
DYT-THAP1 Isolated, AD Cervical and laryngeal dystonia
DYT/PARK-TH Combined, AR Dopa responsive dystonia, oculogyric 

crisis
DYT/PARK-TAF1 Combined, X linked More common in Panay, Philippines 

(Lubag disease)
PxMD-PNKD Combined, AD Paroxysms triggered by voluntary 

movement, stress, sleep deprivation
MOPED* Complex, AD Photosensitive epilepsy
GNAO1 Combined, AD Refractory epilepsy
DYT-ATP7B-Wilson’s disease Combined, AR KF rings, Giant Panda MRI sign
GCDH-glutaric aciduria type 1 Combined, AR Worsening with protein loading, 

metabolic stressors
DYT/CHOR-MUT- 
methylmalonic aciduria

Combined, AR Worsening with protein loading, 
chronic vomiting

DYT/CHOR-PCCA/PCCB- 
propionic aciduria

Combined, AR Worsening with protein loading, 
chronic vomiting

CPS1-3-methylglutaconic 
aciduria

Complex, AR Hyperammonemia

DYT-SUCLA2-succinate-CoA 
ligase

Complex, AR Deafness

ETHE1-ethylmalonic 
encephalopathy

Complex, AR Petechiae, orthostatic acrocyanosis

ARX Complex, X linked History of infantile spasms
HPRT1—Lesch-Nyhan disease Combined, X linked Auto mutilation, elevated uric acid
NPC1—Niemann-Pick type C Combined, AR Supranuclear gaze palsy, cataplexy
NBIA/DYT-PANK2 Combined, AR Eye of the tiger sign, peripheral 

visual loss
DYT/PARK-PLA2G6 Combined, AR Parkinsonism, neuroaxonal 

dystrophy
KCNT1 Complex, AD Epileptic encephalopathy
AT—ataxia telangiectasia Combined, AR Telangiectasias, immune deficiency
TIMM8—Mohr-Tranebjaerg Combined, X linked Deafness
Leigh disease Complex, 

Mitochondrial or 
nuclear

Multisystemic involvement

(continued)
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SD has been classified by Fasano et al. according to four domains: (1) phenom-
enology (phasic vs tonic), (2) temporal profile (Fig.  10.3), (3) recovery, and (4) 
outcome of the underlying disease (Table 10.3) [9]. This classification might help 
outcome prediction, as the tonic subtype (rather than specific etiology of the under-
lying dystonic disorder) was associated with a worse outcome, i.e., worsening or 
death at the end of an SD episode [9]. The tonic subtype was most common, but the 
phasic subtype was more frequent in acquired and monophasic cases of SD, such as 
in the case of an infective or autoimmune encephalitis. Dystonia in SD may also 
co-occur with additional hyperkinesias, further complicating timely diagnosis [1, 9, 
11]. The associated movement disorders identified in 87.5% of patients most com-
monly included tremor as well as chorea, myoclonus, bradykinesia, and tics [8].

 Differential Diagnosis

Several conditions should be considered in the differential diagnosis of SD, includ-
ing other movement disorder emergencies described in other chapters (Table 10.4) 
[20]. Distinguishing these conditions is often challenging especially in an urgent 
care setting [20]. The main difference is the presence of dystonia and/or chorea with 
or without additional dyskinesias, which highlights the importance of a thorough 
clinical examination. It is also important to highlight that the level of consciousness 

Table 10.2 (continued)

Gene Classification Distinguishing features
SLC19A3-Biotin-thiamine 
responsive basal ganglia disease

Complex, AR Epilepsy

NUP62-related disorder Complex, AR Infantile bilateral striatal necrosis
MOCS1 or MOCS2—
molybdenum cofactor deficiency

Complex, AR Refractory epilepsy

SUOX—sulfite oxidase 
deficiency

Complex, AR Microcephaly

Genetic nomenclature according to [33, 34]
Abbreviations: * gene unknown, AD autosomal dominant, AR autosomal recessive, DYT dystonia, 
DYT/Park dystonia/parkinsonism, TOR1A torsin family 1 member A, THAP thanatos-associated- 
domain containing, apoptosis-associated protein 1, TH tyrosine hydroxylase, TAF1 TATA-box 
binding protein associated factor 1, PxMD-PNKD paroxysmal movement disorders-paroxysmal 
nonkinesigenic dyskinesia, MOPED myoclonic occipital photosensitive epilepsy with dystonia, 
GNAO1 G protein subunit alpha o1, ATP7B ATPase activity, 7 distinct domain, GCDH glutaryl-
CoA dehydrogenase, CHOR-MUT dystonia/chorea-methylmalonyl-CoAmutase, DYT/CHOR-
PCCA/PCCB dystonia/chorea-propionyl-CoA carboxylase alpha subunit/propionyl-CoA 
carboxylase beta subunit, carbamoyl-phosphate synthase 1, SUCLA2 succinate-CoA ligase ADP- 
forming beta subunit, ETHE1 ethylmalonic encephalopathy 1, ARX aristaless related homeobox, 
HPRT1 hypoxanthine phosphoribosyltransferase 1, NPC1 Niemann-Pick type C1, PANK2 panto-
thenate kinase 2, PLA2G6 phospholipase A2 group VI, KCNT1 potassium sodium-activated chan-
nel subfamily T member 1, AT ataxia-telangiectasia, TIMM8 translocase off inner mitochondrial 
membrane 8A, SLC19A3 solute carrier family 19 member 3, NUP62 nucleoporin 62, MOCS 
molybdenum cofactor synthesis, SUOX sulfite oxidase
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is normal at the onset of SD and that features such as hyperthermia, CK increase, 
and autonomic instability are nonspecific and common to most of these emergen-
cies. The underlying condition and medication use are other key factors to consider 
while establishing a differential diagnosis. Dopamine receptor blockers (DRBs) can 
cause acute parkinsonism (AP) and acute dystonic reactions (ADRs). Several other 
medications such as selective serotonin reuptake inhibitors or gabapentin are also 
known to cause these two conditions [21]. Serotonin syndrome (SS) and neuroleptic 
malignant syndrome (NMS) are also adverse drug reactions to psychotropic medi-
cations [22]. Malignant hyperthermia (MH) is a rare inherited condition often 
caused by mutations in RYR1, which presents similarly to NMS and SS. The trig-
gers for MH are general anesthetics and/or the depolarizing neuromuscular 
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Fig. 10.3 The temporal profile of status dystonicus (SD, with examples in the figure, modified 
from [11]) can be classified as monophasic (a and b) or relapsing (c and d). Type of recovery of 
each episode and outcome of the underlying disease is described in Table 10.3. SD usually occurs 
at the end of a continuum of worsening dystonia (b, c, and d) but it can present also as the first 
manifestation of dystonia (a). Two different scenarios are described in picture (a): complete recov-
ery (it is usually the case in acquired striatal necrosis) or no recovery after treatment (as it usually 
happens in inherited striatal necrosis, SD is just the onset of the disease). Picture (b) shows those 
cases where SD occurs once and as worsening of an underlying dystonia. These patients can not 
recover and die from the episode; partially recover; completely recover or even get better than they 
were at baseline (i.e., DYT-TOR1A after GPi DBS). Pictures (c) and (d) show relapsing cases of 
SD. We could call relapsing-remitting (c) those cases where after each episode of SD recover and 
return to their previous state (i.e., JCP); and relapsing-progressive (d) where there is a deterioration 
in the underlying dystonia after each episode of SD (i.e., PKAN) and eventually may lead to a lack 
of recovery and potential death. Abbreviations: DYT-TOR1A dystonia- torsin family 1 member A, 
GPi DBS globus pallidus pars interna deep brain stimulation, NBIA neurodegeneration with brain 
iron accumulation, PKAN pantothenate kinase-associated neurodegeneration, JCP juvenile cere-
bral palsy
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blocking agent succinylcholine as well as infections, stress, and exercise [23]. In 
intrathecal baclofen withdrawal syndrome, the association with sudden discontinu-
ation of baclofen (generally due to pump or catheter issues) is straightforward.

Dyskinesia-hyperpyrexia syndrome (DHS) and parkinsonism-hyperpyrexia syn-
drome (PHS) are two conditions that should be considered in the differential diag-
nosis of SD in patients with Parkinson’s disease. The main difference between these 
two entities is that PHS presents as an acute akinetic-rigid syndrome, as opposed to 
DHS which is hyperkinetic [24]. Lastly, paroxysmal sympathetic hyperactivity 
(PSH) is characterized by dysautonomia associated with dystonia in patients with 
severe acquired brain injury [25]. The shared features between these conditions 
complicate diagnosis and choice of appropriate treatment. It has been argued that 
many of the aforementioned conditions represent a clinical spectrum of the same 
entity and that there are too many entities with only subtle clinical differences, gen-
erating confusion in the literature and among physicians [11].

 The differential diagnosis of SD is broad, and a wide net should be cast 
in the initial evaluation of patients.

 Triggers

SD is triggered by a precipitating factor in most patients. The most common trigger 
is infection (51.7%) followed by medication change (30.0%) [9, 26, 27]. A typical 
example of medication-induced SD is penicillamine-induced SD in Wilson’s dis-
ease, which has been reported to be lethal [28]. Other triggers include surgical pro-
cedure/anesthesia, metabolic disturbances, puberty, protein loading in glutaric 
aciduria, the failure of an implantable pulse generator for DBS, as well as DBS 
implantation [9, 17, 29, 30]. Noteworthy, the expanding use of DBS for dystonia 
patients has contributed to an increasing number of related SD episodes [31, 32]. 

Table 10.3 Proposed classification of status dystonicus

Phenomenology Tonic (dystonic)
Phasic (choreic)

Recovery Total recovery
Partial recovery (including disease onset)
No recovery (death)

Temporal profile (see Fig. 10.3) Monophasic (including “isolated SD”)
Relapsing-remitting
Relapsing-progressive

Outcome of the underlying disease First manifestation of a neurological disorder
Return to pre-SD severity
Improvement
Worsening
Death

Modified from [9]
Abbreviations: SD status dystonicus
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This is usually related to battery depletion and clinically presents with rapid-onset 
dystonia which can be fatal [17, 31].

No precipitating factor was identified in 32.6–50% of SD diagnoses [8, 9]. The 
clinical vignette mentioned above can be included in the 30% of SD cases without 
an identifiable trigger, however psychological stressors and pain should not be over-
looked even though they are rarely reported [6]. Table 10.5 summarizes the known 
triggers reported so far.

 DBS battery failure may precipitate SD, with catastrophic results.

 Etiology

Determining the underlying etiology in SD is key to identifying triggers and secur-
ing optimal care. There are over 200 causes of dystonia that can be classified accord-
ing to clinical and etiological features [33]. In addition, the genetic nomenclature of 
movement disorders has been reviewed recently [34].

 SD in Inherited Neurological Syndromes

The inherited subgroup of dystonia can be divided into isolated, combined, and 
complex dystonia [35]. The most common forms of isolated dystonia are DYT- 
TOR1A (DYT1) and DYT-THAP1 (DYT6), which are inherited in an autosomal 
dominant (AD) fashion (see Table  10.1) [36, 37]. DYT-TOR1A usually presents 
with limb dystonia which generalizes over time, whereas DYT-THAP1 (DYT6) 
tends to involve mainly cranial and cervical regions. Both forms of dystonia can 
generalize and have been reported to cause SD.  Other causes include dopa- 
responsive dystonia [34], Lubag disease [36], and paroxysmal nonkinesigenic dys-
kinesia due to MR1 gene mutation [38].

Table 10.5 The triggers of status dystonicus reported to date

Anesthesia
Autoimmune processes
Diet (protein loading in glutaric aciduria)
Hardware failure (DBS or ITB pump)
Infections
Medication changes
   Introduction of, e.g., penicillamine (WD), zinc (WD), dopamine-receptor blockers, 

clonazepam
   Withdrawal of, e.g., penicillamine (WD), dopamine depleting agents, baclofen, lithium
Metabolic disturbances
Puberty
Surgery (including DBS surgery)
Trauma (physical and psychological)

Abbreviations: DBS deep brain stimulation, ITB intrathecal baclofen, WD Wilson’s disease
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The co-occurrence of epilepsy and dystonia further complicates the proper diag-
nosis of SD as it may be mistaken for SE. At least three epileptic syndromes have 
been described with SD: myoclonic occipital photosensitive epilepsy with dystonia 
(MOPED) [39], ARX related refractory epilepsy (Ohtahara syndrome), and GNAO1 
encephalopathy [8, 17]. GNAO1 is important to recognize as these patients respond 
better to DBS treatment than medical treatment. In addition, chorea as the predomi-
nant movement disorder at baseline in GNAO1 confers a higher risk of developing 
SD [40]. In addition to the classic isolated and combined causes of genetic dystonia, 
several degenerative genetic causes can also lead to SD such as Wilson’s disease, 
glutaric aciduria type 1, ARX, and Lesch-Nyhan disease (see Table 10.1).

 SD in Acquired Neurological Syndromes

The second category of dystonia is classified as acquired dystonias, which are due 
to a specific cause (perinatal brain injury, infection, drugs, toxic, vascular, neoplas-
tic, or paraneoplastic, brain injury, and psychogenic—now known as functional) 
[33]. The most common acquired cause underlying SD is CP, which is reported in 
almost 60% of the acquired dystonia cohort reported by Fasano et al. [9]. Other less 
common causes include inflammatory or autoimmune conditions, hypoxic-ischemic 
injury, trauma, and infections [9]. It is important to recognize autoimmune encepha-
litis such as anti-NMDA-receptor (NMDAR) encephalitis as the underlying cause 
for SD because treatment should focus on immunomodulatory interventions in 
addition to supportive treatment [11]. Altered mental status, psychiatric disturbance, 
seizures, and dyskinesias affecting the orobuccal region are important clues to the 
diagnosis of this condition [41]. The associated movement disorder is hyperkinetic 
and usually complex, with dystonia and chorea involving mainly the craniofacial 
region [42]. Although several etiologies have been highlighted in this chapter, one 
can assume that any patient with moderate to severe dystonia, including all acquired 
causes of striatal necrosis, can hypothetically progress to SD [11, 43].

 Mechanisms

The understanding of dystonia pathophysiology is steadily growing. Dystonia is 
presently thought to be caused by an imbalance between excitation and inhibition in 
the cerebello-thalamo-basal ganglia pathway thereby leading to (1) decreased pal-
lidal inhibition by the indirect pathway, (2) abnormal thalamo-motor-cortical hyper-
excitability, (3) loss of sensorimotor integration, and (4) maladaptive plasticity [44]. 
The cerebellum and the spinal cord have more recently been implicated [45]. It is 
also thought that the underlying mechanisms may differ between acquired and non-
acquired dystonias [46]. Although more is known about dystonia pathophysiology, 
the mechanisms underlying SD have not yet been identified. Termsarasab and 
Frucht have proposed increased pallidal output as a potential pathophysiological 
mechanism for SD [47]. Factors thought to predispose younger individuals to SD 
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include brain immaturity in children, hormonal changes during puberty, and sudden 
metabolic requests [1, 9]. Simply speaking, although no actual recording of the 
basal ganglia of SD awake patients is available [27], one can argue that SD patho-
physiology is similar to SE because of its shared paroxysmal presentation, genetic 
overlap, and triggers [11, 48]. Further research is needed to better understand the 
pathophysiological mechanisms in SD.

 Management and Outcome

While an increasing number of papers on SD have been reported, it remains an 
underrecognized entity with suboptimal treatment [27]. The first proposal for a 
pharmacological treatment algorithm was published in 1984 by Marsden et al. (the 
“Marsden cocktail”) and is still the mainstay of medical management [3]. The 
Marsden cocktail consists of benzhexol/trihexyphenidyl, tetrabenazine, and pimo-
zide. However, more recent data indicate that only 10% of SD episodes are success-
fully treated with this pharmacological approach [9]. In addition, pimozide and 
other DRBs are rarely used today due to the risk of tardive dystonia, and in fact 
tetrabenazine and anticholinergics are the most effective in the majority of recov-
ered cases [9].

A recent study reported the benefits of clonidine administered via enteral, intrave-
nous, or transdermal routes in five pediatric cases with SD. The main benefit was 
decreased use of benzodiazepines, morphine, and propofol, thereby avoiding the need 
for respiratory support in most cases [49]. Other medications also considered as add-
on treatment are baclofen, gabapentin, and levodopa–carbidopa [15]. Nonresponders 
require additional escalating treatment including sedatives (benzodiazepines, propo-
fol, and barbiturates) and neurosurgical interventions, particularly DBS, although 
pallidotomy or intrathecal baclofen (ITB) may have a role [9]. Neurosurgery is the 
most effective treatment strategy, with improvement in 33.7% of SD episodes [9]. It 
should be considered early in SD if the underlying cause is a confirmed genetic diag-
nosis known to respond well to DBS, e.g., DYT1-TOR1A [47]. The first ablative 
surgery used in refractory SD was thalamotomy [1]. Since then, the GPi has become 
the preferred target for ablative surgery (pallidotomy) and subsequently DBS [10]. 
Levi and colleagues compared GPi DBS to pallidotomy in a small case series and 
showed that there was no significant difference in outcome (87.5% and 83.3% 
response to treatment, respectively) [50]. Their data also suggest that pallidotomy 
may resolve SD faster than DBS, probably because the latter requires programming.

ITB is another neurosurgical option in SD treatment [4, 51, 52]. Even though 
beneficial for improving dystonia, ITB often leads to long-term technical complica-
tions, which in turn can cause SD [53]. Recently, three cases of SD were reported to 
respond well to early treatment with short-term intraventricular baclofen (IVB) 
[54]. The study suggests that the effect may be long lasting as two out of the three 
patients were able to discontinue the IVB treatment, which reduces the risk of hard-
ware complications. Intrathecal morphine has also been reported as a less com-
monly used therapeutic avenue if ITB and DBS are not readily available [55]. 
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Overall, neurosurgical approaches are increasingly being used in the treatment of 
SD (40.2–65.9%) [56], but their use is limited by the availability of local expertise.

In 2007, Mariotti et al. were the first to propose a treatment algorithm based on 
the scanty evidence present in the literature [7]. Ten years after, Temrsarasab and 
Frucht proposed a treatment algorithm according to time of onset: the first 24 h 
should include supportive therapy and identifying surgical candidates, and that 
pharmacological treatments for symptomatic control should be adjusted over the 
following 2- to 4-week period [47]. On the other hand, the ABCD approach by 
Lumsden et  al. describes a stepwise approach to pediatric SD management: (a) 
address precipitant, (b) begin supportive care, (c) calibrate sedation, and (d) dysto-
nia specific treatment [19]. A combined stepwise algorithm taking into consider-
ation underlying causes, triggers, and disease severity is proposed in Fig. 10.4.

 Course and Outcome

The course and outcome of SD are highly variable, but early recognition facilitates 
aggressive intervention which is thought to potentially prevent progression and 
favor a better outcome. In a large pediatric cohort, approximately 30% of cases 
required intensive care unit admission [15]. Subsequent relapses were common with 
a recurrence risk of 25% in the first year, and up to 38.6% at 27 months. It is impor-
tant to note that no SD patient was treated with DBS, which can affect long-term 
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Fig. 10.4 Proposed treatment algorithm in status dystonicus according to disease severity and 
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pallidus pars interna, IV intravenouscause. (Modified from [3, 7, 11, 19])
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outcome [15, 18]. Similar outcomes were reported by Fasano et al. and Lumsden 
et al.: 36.8–43.2% improved compared to baseline dystonia, 27.3–36.8% returned 
to baseline, 16.2–18.2% improved but did not return to baseline [9, 19]. In a DBS- 
treated SD cohort, 62.5% received DBS therapy during an SD episode (25 patients) 
with resolution in 92% [8]. The mortality rate in SD ranges from 10.3% to 11.4% 
[9, 56]. Lastly, it is important to highlight the role of SD prevention. Iodice and 
Pisani suggest regular clinical visits, especially during the first 3 years of life and 
puberty, prompt management of potential triggers, and early introduction of treat-
ments such as trihexyphenidyl to limit SD episodes [17].

 Conclusion

SD is one of the most common emergencies in pediatric movement disorders and 
requires aggressive multimodal management to prevent worsening and mortality. 
However, management algorithms are based on expert opinion as no evidenced- 
based studies are available. SD remains a relatively rare condition that lacks clinical 
criteria, limiting the number of large studies available. Future standardized studies 
of dystonia and SD are needed to better define the clinical features in order to 
develop improved treatment strategies. Nerrant et al. have shown that DBS has revo-
lutionized the treatment of SD, particularly in known genetic responders [8]. 
However, DBS therapy is limited to experienced centers, and with increased use of 
DBS, hardware complications as a cause of SD will become more frequent.
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Posthypoxic Myoclonus and Its 
Management

Giulietta Maria Riboldi

 Clinical Vignette

A 24-year-old man with a history of asthma experienced a sudden respiratory arrest 
while at home. While paramedics were on their way, he arrested and cardiopulmo-
nary resuscitation was started. Circulation was re-established after 5 min. He was 
transferred to the hospital and admitted to the intensive care unit. On day two of 
hospitalization, he developed myoclonic jerks affecting mostly the limbs, particu-
larly triggered by sensory stimuli such as noises or touch. As he started regaining 
consciousness the myoclonus persisted. EEG showed occasional spikes at the ver-
tex, time-locked with the myoclonic jerks. A diagnosis of chronic posthypoxic 
myoclonus (Lance-Adams syndrome, or LAS) was formulated. Action and inten-
tion myoclonus were precipitated by fine tasks and triggered by sensory stimuli. 
Upon standing, postural laps were present with a tendency to fall if not supported. 
Cognition was normal. Clonazepam was started with only mild benefit. Eventually, 
symptoms were successfully controlled with a combination of clonazepam, valproic 
acid, and levetiracetam. Symptoms mildly improved over time but he required treat-
ment with this multidrug regimen.

Posthypoxic myoclonus (PHM) is a complication occurring in 18–37% of 
patients who enter coma after cardiopulmonary resuscitation (CPR) from different 
causes, such as cardiac arrest, surgical complications, respiratory arrest due to 
asthma attacks, anesthesia, or drug intoxication [1–5]. PHM usually arises in 
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patients where cardiopulmonary arrest lasts between 2 and 7 min, or even longer in 
rare cases [6]. Myoclonic jerks, defined as brief, usually irregular, muscle contrac-
tions, may present with different patterns of distribution and rhythmicity depending 
on the underlying generating pathways. PHM can develop while patients are still in 
the intensive care units or in delayed fashion days or weeks from the initial event.

An acute form and a chronic form of PHM have been described. Acute PHM has 
received more attention in the literature due to its dramatic presentation [7]. Chronic 
PHM (LAS) represents instead a persistent condition that can severely affect the life 
of surviving patients when residual myoclonus is prominent, requiring appropriate 
diagnosis and management.

 Clinical Features and Diagnostic Assessments

PHM is commonly observed in adults with only a few reports in children before the 
second decade and in the elderly. This may reflect the higher resistance of younger 
brains to hypoxia/anoxia, and the susceptibility of the aged population to hypoxia 
[3, 8, 9]. Few pediatric cases have been described, mostly associated with perinatal 
anoxia [10–13]. No clear differences in gender distribution have been reported [3]. 
The diagnosis of PHM is clinical, while neurophysiological and imaging assess-
ments help define the nature and origin of this movement disorder, helping to guide 
treatment (Table 11.1). Although the distinction between an acute and a chronic 
form of PHM is universally accepted, there is overlap between the two forms and 
features such as time of onset and duration are not homogeneously reported in the 
literature [14].

In the acute form, myoclonus develops 24–48 h after cardiopulmonary arrest, 
although some cases with onset at 48–72 h from the acute event or even beyond 72 h 
have been reported [3]. The chronic form of PHM (LAS) is named for the two 
authors who first described four patients affected by this condition [15]. In LAS 
myoclonus classically presents once patients regain consciousness [15]. However, 
cases of LAS where myoclonic manifestations started during coma have been 
reported, making the distinction between the acute and chronic forms more chal-
lenging [6]. Deep sedation, mechanical ventilation, muscle relaxants, and hypother-
mic treatments can also mask myoclonus in its initial phases, further confounding 
the distinction between these two entities. Since the prognosis and the treatments 
for the acute and chronic forms can be very different, distinguishing the two is 
important. Additional elements that can help differentiate between PHM-subtypes 
are the distribution, synchronicity, variability, and neurophysiological assessments 
of myoclonic jerks (i.e., electroencephalogram (EEG), back-averaged EEG, somato-
sensory evoked potentials (SEPs), and long-latency reflex).

PHM is characterized by cortical and subcortical myoclonus in various combina-
tions. In general, cortical myoclonus, also called cortical reflex myoclonus, presents 
with distal, focal, or multifocal, asynchronous, variable myoclonic jerks, usually 
associated with EEG correlates [14, 16]. Myoclonus involves areas with a larger 
cortical representation, such as face and hands, with a craniocaudal distribution of 
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involvement of cranial nerves [14]. Cortical reflex myoclonus can be triggered by 
sensory stimuli and voluntary activation [14]. Neurophysiological assessments 
show time-locked epileptiform discharges at simultaneous EEG-EMG recordings, 
with electrical activities localized in the central motor cortical areas, giant SEPs, 
and long-latency response at EMG after peripheral nerve stimulation [3]. Seizures 
often coexist with this condition [14].

In contrast, subcortical myoclonus (also called “reticular reflex myoclonus”) is 
mostly generalized, symmetrical, stereotyped, and synchronous. Proximal and 
flexor muscles are mainly involved [14]. Cranial nerves activate in a caudocranial 
fashion [14]. EEG can present with spikes and waves, but these are not time-locked 

Table 11.1 Characteristic diagnostic features in acute and chronic posthypoxic myoclonus

Acute PHM Chronic PHM
Time of onset 24–48 h Upon regaining consciousness
Demographic Adults Adults
Type of myoclonus Subcortical Cortical and/or subcortical

Negative myoclonus (mostly 
lower limbs)

Clinical features of 
myoclonus

Generalized, symmetric, proximal, 
stereotyped, stimulus sensitive
Possible myoclonic status 
(myoclonus lasting continuously 
>30 min)
Cranial nerves: caudocranial 
involvement
Occasionally focal

Focal or multifocal, more distal, 
action and intentional myoclonus, 
stimulus sensitive
Cranial nerves: craniocaudal 
involvement
Occasionally focal

Additional 
neurological 
features

Severe general deterioration
Cognitive impairment
Frequent seizures

Ataxia
Dysarthria
Dysphagia
Gait impairment
Seizure is rare

EEG Status epilepticus, burst suppression, 
diffuse slow waves and background, 
spike-wave activity, alpha coma

Spikes at the vertex or in the 
contralateral cortical motor area

Additional 
neurophysiology

EEG abnormalities not time-locked
Normal SEPs
Normal long latency reflex

± time-locked EEG abnormalities
Giant SEPs
Prolonged long latency reflex

IMAGING Nonspecific Nonspecific (brain MRI)
PET scan: increased signal in VL 
nucleus (thalamus), pontine 
tegmentum, mesencephalon

PROGNOSIS Poor (survival up to 10% cases) Good (rare additional 
neurological sequela, possible 
improvement of myoclonus)

The table reports the classical features of the two phenotypes of posthypoxic myoclonus (PHM). 
Nuances and overlaps are possible as described in the text (such as a later or an earlier onset for 
acute and chronic PHM, respectively, occasional good outcomes in acute PHM or severe residual 
myoclonus in chronic PHM)
EEG electroencephalogram, SEP somatosensory evoked potentials, VL ventrolateral, PET positron 
emission tomography
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to jerks, and SEPs are normal [3, 14]. Reticular reflex myoclonus has been reported 
to originate from the nucleus reticularis gigantocellularis [14]. Analysis of cases of 
PHM reveals that the acute phenotype mostly stems from subcortical generators, 
while LAS can be associated with both cortical and subcortical myoclonus [3, 14].

Acute PHM presents with jerks that are usually generalized, spontaneous, or 
stimulus-induced. Tactile, painful, or auditory stimuli, not uncommon in intensive 
care units, as well as passive eye opening and closing can all trigger myoclonus. 
Movements are characterized by symmetric proximal flexion jerks involving the 
trunk, limbs, and head, triggered by touching or tapping [17, 18]. Acute PHM can 
also manifest with the so-called status myoclonicus (also referred to as “myoclonic 
status epilepticus,” “status myoclonus,” or “myoclonic status”) where myoclonus is 
generalized and continuously persistent for more than 30 min [19]. Status myoclo-
nus can be very disruptive, and whether these episodes should be considered a sepa-
rate entity or a manifestation of seizures is a subject of debate. In rare cases, isolated 
stimulus-sensitive myoclonus has been described associated with specific EEG cor-
relates and ominous prognosis [20–25]. In the literature, signs suggestive of cortical 
myoclonus such as giant SEPs may be hidden by ongoing antiepileptic and sedative 
treatments [3, 5, 14].

LAS refers to chronic and persistent myoclonus that beings shortly after the 
acute event, usually when the patient starts to regain consciousness. LAS is rare, 
with less than 200 cases reported in the literature. Initially described by Lance and 
Adams in 1963 [15], myoclonus is triggered by muscle activation and intention as 
well as by sensory stimuli. Negative myoclonus is more frequently present in the 
lower limbs [14]. Intention myoclonus is significantly worsened by precise move-
ments (such as reaching for a target or pouring water in a cup), although interest-
ingly the same movements can often be pantomimed by these patients without 
difficulty [15, 26]. Myoclonic jerks occur in volleys or more rarely in isolation, and 
they usually abate as the patient tries to relax [9, 15]. Chronic PHM can be associ-
ated with cerebellar features (ataxia and dysarthria), dysphagia, gait abnormalities, 
and in some cases cognitive disfunction, usually mild [8, 9, 27, 28]. Gait is signifi-
cantly impaired by negative myoclonic jerks in the lower limbs on standing, causing 
postural lapses and falls [15]. Seizures can be present during coma, but only rarely 
persist [8, 9].

Myoclonus in LAS stems from both cortical and subcortical generators, and cor-
tical myoclonus may be measured with time-locked potentials, giant SEPs and a 
long latency response. However, in cases where subcortical pathways are more 
affected, these features can be absent. EEG abnormalities include isolated spikes at 
the vertex or in the contralateral cortical motor area. When reflex reticular myoclo-
nus is present, either in isolation or associated with cortical myoclonus, the pheno-
type is usually more severe [8, 13, 17, 18].

 Myoclonus in LAS may be cortical, subcortical, or both forms may 
be present in the same patient. Back-averaging is not widely available, requiring 
clinical examination to try to help define the myoclonus phenomenology.

The prognosis of patients with LAS is very different from acute PHM. Indeed, 
LAS implies a recovery of consciousness, residual cognitive impairment is usually 
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mild, and myoclonus typically improves over time. A study of a large cohort of 
patients with LAS after cardiac arrest showed that preserved brainstem reflexes and 
a reactive EEG were more suggestive of LAS, and associated with better outcomes 
[29]. Pediatric cases of LAS are rare. Of two patients reported in the literature, one 
was a neonatal case secondary to extensive brain lesions, and involuntary move-
ments disappeared after 1 year [12, 13]. In rare situations, acute and chronic PHM 
can present as focal myoclonus. There have been reports of myoclonus affecting 
one isolated limb, the trunk, facial muscles, platysma, or manifesting as inspiratory 
myoclonus, abdominal status myoclonus, periodic eye opening, upward eye devia-
tion, as well as ocular bobbing [15, 30–40].

EEG signals in PHM have been extensively reported in the literature, although 
variability in presentation hinders outcome prediction, especially in the setting of 
acute PHM [41]. EEG abnormalities can help discriminate between myoclonic 
events where subcortical pathways are also activated, versus pure epileptic and 
Jacksonian seizures associated with cortical epileptic discharges [42]. This distinc-
tion helps to guide treatment since not all antiepileptic drugs are equally effective in 
treating myoclonus. In acute PHM, the EEG usually manifests burst suppression, 
spike-wave activity, status epilepticus, diffuse slow waves, as well as alpha-coma 
[27]. Some have attempted to correlate EEG patterns and outcomes in acute PHM, 
to help guide prognosis and therapeutic decision-making in comatose patients who 
survive a cardiopulmonary arrest [43]. However, the reliability of these approaches 
has been challenged by the introduction of therapeutic hypothermia that may either 
mask myoclonus or affect EEG signals themselves [44–46].

In LAS, back-averaging is suggestive of cortical myoclonus in the majority of 
cases with spikes or polyspikes that may precede jerks and that are usually localized 
at the vertex [27]. EEG recording during sleep in a patient with LAS reported fast 
spikes and polyspikes even in the absence of clinical epileptic syndromes [47]. 
Interestingly, one report of a case of LAS showed that cortical spikes at the vertex, 
recorded with EEG, were activated even when the patient only imagined moving an 
extremity [48]. Brain MRI in subjects with PHM, when available, showed various 
abnormalities including cortical and cerebellar atrophy, as well as cortical and cer-
ebellar hemisphere infarcts [8, 9, 49]. Interestingly, in one case of LAS, serial brain 
MRIs performed shortly after the acute hypoxic event [50] showed transient hypo-
perfusion in the cerebellum and thalamic nuclei with no structural abnormalities, 
which resolved on follow-up imaging study 2  weeks later [50]. Consistent with 
these findings, positron emission tomography (PET) scans from seven patients with 
LAS showed increased glucose metabolism in the pontine tegmentum, mesenceph-
alon, and ventrolateral nucleus of the thalamus [51]. These findings are consistent 
with increased thalamocortical firing due to impaired connectivity, given the role of 
the VL nuclei of the thalamus and the pontine nuclei as relay hubs for projections to 
cerebellar and cortical motor areas. In other case of LAS, PET and single-photon 
emission computed tomography (SPECT) showed decreased perfusion and glucose 
metabolism in the frontal lobe [52]. Cortical abnormalities have also been shown in 
one report, where resting-state functional MRI (rs-fMRI) in a patient with PHM 
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documented increased functional connectivity between the primary and supplemen-
tary motor cortex mostly with the somatosensory areas [53].

 Pathogenic Mechanisms

The pathogenic mechanisms underlying PHM are incompletely defined. As previ-
ously described, PHM can present with cortical, multifocal, or subcortical myoclo-
nus. Most neuropathological studies, especially those in patients with acute PHM 
after cardiopulmonary arrest, found neuronal cell loss in the cerebral and cerebellar 
cortex, as well as in  the hippocampus, thalamus, and brainstem, suggesting that 
damage of one or a combination of these systems may be responsible for PHM [2]. 
Another study assessed autopsy specimens in 15 cases of acute PHM, showing clas-
sical severe anoxic brain damage with neuronal loss in the cortical lamina and 
Purkinje cells [54]. There are few neuropathological studies of LAS. The ones that 
are available show either a neuronal loss in subcortical structures (mostly striatum, 
thalamus, mammillary bodies, and raphe nuclei), or astrocytic reaction in the mid-
brain, and in the cuneiform and subcuneiform nuclei with no prominent neuronal 
degeneration [55, 56].

Cortical involvement may explain both multifocal or generalized cortical myoc-
lonus, the latter due to seizures spreading ipsilateral and contralaterally in the cortex 
[41]. In the context of subcortical acute PHM, loss of neurons in the reticular forma-
tion of the medulla oblongata has been correlated with “reticular reflex myoclonus” 
[17]. Diffuse projections from subcortical structures would explain the presentation 
of this entity as a symmetric and proximal myoclonus, with major involvement of 
the flexor muscles and with cranial nerves activated in ascending order starting from 
the lower medulla [14]. Interestingly, although LAS is considered to arise from a 
combination of cortical and subcortical involvement, a study analyzing stereotaxic 
EEG in patients with LAS noticed that spikes from the thalamus actually precede 
the cortical spikes, suggesting the hypothesis that cortical myoclonus may be gener-
ated by discharge from the VL nucleus of the thalamus to the cortex through the 
corticothalamic projections [57]. However, given the limited number of neuropatho-
logical studies, it is difficult to draw definitive conclusions.

Animal models of posthypoxic myoclonus recapitulate some of the EEG abnor-
malities observed in PHM, particularly the susceptibility of thalamic nuclei. The 
thalamic reticular nucleus (TRN) (part of the projection system from the thalamus 
to the cortex) may be involved, as well as injury to pyramidal neurons, CA1 and 
CA2 layers of the hippocampus, and cerebellar neuronal loss due to NMDA- 
mediated glutamatergic toxicity [58–60]. Disruption of Purkinje cells may be 
responsible for the cerebellar impairment observed in patients with 
LAS. Understanding the specific mechanisms and structures involved in this condi-
tion may guide management. For example, hypothermia, now used in prolonged 

G. M. Riboldi



207

CPA, has been shown to limit cerebellar neuron loss in animal models thus possibly 
addressing one of the pathogenic events involved in PHM [61].

Impairments in specific neurotransmitters and their receptors have been reported 
as well, especially serotonin and GABA-mediated pathways. A general observation 
from multiple studies and case reports is that GABA, homovanillic acid (HVA), and 
5-hydroxyindoleacetic acid (5-HIAA)—a serotonin metabolite—are decreased in 
the cerebrospinal fluid of subjects with PHM [62]. In animal models, injections of a 
GABAA agonist, but not of GABAA blockers, are able to induce contralateral (when 
injected intracerebroventricularly or in the caudate) or ipsilateral (when injected in 
the nucleus reticularis of the thalamus) myoclonus [63, 64]. Epileptic manifesta-
tions and EEG patterns are triggered only by intrastriatal injections [63]. The very 
beneficial effect of treatments that bind GABA receptors, such as clonazepam and 
valproic acid, and the attenuation of myoclonus in rat models of postanoxic condi-
tions upon inhibition of GABA re-uptake, supports the idea of a central role of 
GABA in the pathogenesis of PHM [65]. Indeed, the nucleus reticularis of the thala-
mus, an important connection between the thalamus and the cortex, is enriched in 
GABAergic neurons whose impairment could result in myoclonus. Interestingly, 
the delayed response observed in animal models from the time of injection of 
GABAA agonist in this area and the development of myoclonic jerks suggests that 
activation of thalamic connections ends in a progressive recruitment of cortical neu-
rons for the generation of myoclonic jerks [63].

Conversely, serotonin (5-hydroxytryptamine, 5-HT) decreases myoclonus both 
in animal models as well as in reports from human subjects, particularly by target-
ing the serotonin receptors 5-HT1B, 5-HT2A/2B, and possibly 5-HT1D [17, 57, 66, 
67]. Treatment with the serotonin precursor 5-hydroxytryptophan (5-HTP) was 
reported to help in reducing myoclonus in posthypoxic conditions [17, 57, 67, 68]. 
Since neuropathological data did not show neuronal loss in the serotoninergic sys-
tem, the deficit may be related to a neurotransmitter imbalance rather than to an 
actual loss of neurons or receptors [66]. In the context of myoclonus, impaired 
serotonin can cause loss of inhibition on the olivocerebellar rhythmicity ending in 
an oscillatory pathway via the thalamus [69]. The central role of thalamic neurons 
as an important relay station in the generation of myoclonus is supported also by the 
finding in the brain of rat models of cardiac-arrest induced posthypoxic myoclonus 
of increased levels of c-Fos (a marker of neuronal hyperactivation) in discrete tha-
lamic nuclei, such as the reticular thalamic nucleus, the medial longitudinal fascicu-
lus, and in the locus coeruleus and the periventricular gray substance [70]. Finally, 
a possible correlation between the causative event of the cardiopulmonary arrest 
and the subtype of PHM (acute vs chronic) has been postulated. Indeed, cases of 
LAS are more frequently associated with respiratory than cardiac arrests [6]. The 
period of hypoxia preceding CPA caused by a gradual respiratory insufficiency 
might generate preconditioning in different brain neurons through activation of spe-
cific metabolic pathways, resulting in different brain lesions compared to CPA 
caused by a sudden arrhythmia [71–73].
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 Therapeutic Approaches

Management of acute and chronic PHM lacks specific guidelines due to the paucity 
of controlled trials available in the literature [74]. Appropriate treatment reduces 
distress in comatose patients in the ICU, as well as improves function and quality of 
life in subjects who develop LAS.

For the treatment of acute PHM, antiepileptic medications are usually first-line 
treatments, especially when seizures coexist (Fig. 11.1). Benzodiazepines (mostly 
diazepam, clonazepam, lorazepam), phenytoin, phenobarbital, and valproic acid 
have been used in this setting following the dosages normally used for convulsive 
status epilepticus [2, 75]. Phenytoin should be used with caution since it can para-
doxically worsen subcortical myoclonus [5]. In severe cases of acute PHM where 
generalized myoclonus does not respond to antiepileptics, propofol has been uti-
lized  to control the symptoms, although with no change in the outcome of these 
patients [75–77]. In one case of refractory myoclonic status epilepticus, isoflurane 
was used with success, possibly because of its modulatory effect on the GABAergic 
system [78]. The introduction of targeted temperature management (TTM, i.e., nor-
mothermia at 36 °C for 24 h, or therapeutic hypothermia at 32 °C) has improved the 
outcomes for patients with posthypoxic or postanoxic conditions. However, after 
discontinuation of hypothermia and sedation, myoclonus can still be observed in 
about one out of six subjects and the presence of status myoclonus within 72 h is 

POST-HYPOXIC MYOCLONUS

ACUTE CHRONIC
FIRST LINE TREATMENTS

THIRD LINE TREATMENTS
Sodium Oxybate  (add-on)
DBS (GPi)

SECOND LINE/ ADD ON TREATMENTS

L-5-HTP
Perampanel

ISOLATED REPORTS:

Lacosamide
Zonisamide
Levodopa
Carbamazepine
Chlorpromazine

Paroxetine
Estrogen
Agomelatine
Cannabidiol
Intratecal baclofen

FIRST LINE TREATMENTS

Clonazepam (up to 15 mg/day )
Valproic Acid (up to 2000 mg/day)
Levetiracetam (up to 3000 mg/day)

> Start with single medication
> Combination of multiple drugs usually
needed

SECOND LINE TREATMENTS

Propofol
Isoflurane

TTM (normothermia at 36°C for 24 hours, or
therapeutic hypothermia at 32°C)

ANTIEPILEPIC MEDICATIONS:
Benzodiazepine (diazepam, clonazepam,
lorazepam)
Phenytoin
Phenobarbital
Valproic acid

Fig. 11.1 Flowchart of therapeutic approaches for acute and chronic posthypoxic myoclonus
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still associated with a poorer outcome [4, 6, 79–82]. On the other hand, some reports 
have suggested a beneficial effect of this treatment on the outcome of patients with 
early massive myoclonus after cardiac arrest [83, 84].

After the acute episodes, PHM can improve spontaneously in a number of cases 
[8]. While acute PHM usually resolves after the acute event (usually within 24 h), 
in LAS myoclonus is persistent although it can improve over time. However, while 
symptoms are present and in those cases in which they persist long after the acute 
event, symptomatic treatments are required to control these invalidating symptoms. 
The literature encompassing therapeutic approaches for LAS mostly consists of 
cohort studies or single case reports (see Fig. 11.1). First-line treatments consist 
of antiepileptic drugs, especially clonazepam (up to 15 mg/day), levetiracetam (up 
to 3000 mg/day), and valproic acid (up to 2000 mg/day) [9, 29, 85–88]. In the litera-
ture, the beneficial effects of clonazepam, valproic acid, and piracetam have been 
reported in about 50% of the cases [9]. Levetiracetam has been extensively used for 
the treatment of PHM [88–91]. Levetiracetam is an antiepileptic medication that 
modulates neurotransmitter release via SV2A binding. In PHM, doses ranging from 
500 to 1500 mg twice daily have been reported [88, 90]. After its introduction, leve-
tiracetam has gradually replaced piracetam, previously prescribed in these cases 
because of its beneficial effect in PHM [9]. However, piracetam is not approved in 
the USA, thus limiting its use when compared to levetiracetam. Brivaracetam, 
another molecule that is structurally related to levetiracetam, has been shown to be 
even more potent (about tenfold more) than levetiracetam, and useful in controlling 
myoclonus in a rat model of PHM [92]. However, this medication has not been 
approved for the treatment of myoclonus so far.

Because of the reduced levels of 5-HT and its metabolite 5-HIAA in the CSF of 
numerous patients with PHM, 5-HT and L-5-HTP have been used in patients who 
were not responsive to first-line treatments. The first report was in 1973, followed 
by a number of other cases in the literature [57, 67, 93]. Possible side effects such 
as nausea, vomiting, and diarrhea need to be taken into consideration, although they 
can be attenuated by the concomitant administration of carbidopa. Perampanel, an 
alpha-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid (AMPA) receptor 
antagonist, has been used as an add-on for the treatment of LAS as well, but few 
reports are available [94–98]. Doses are usually 2 to 4 mg daily although higher 
doses, up to 10 mg, have been reported [96]. In one case, perampanel was utilized 
also for posthypoxic myoclonic status, after all the other treatments failed to control 
myoclonus, at a dose up to 8 mg [99].

Numerous other medications have been attempted in patients with PHM. Isolated 
successes have been reported with intrathecal baclofen, lacosamide, levodopa, car-
bamazepine, chlorpromazine, paroxetine, estrogen, agomelatine, zonisamide, and 
cannabidiol [9, 100–107]. On the contrary, no clear benefits or only inconsistent 
results have been shown with phenobarbital, phenytoin, primidone or nitrazepam, 
amantadine, tetrabenazine, nortriptyline, and vasopressin [9]. Among benzodiaze-
pines, diazepam does not seem to be as effective as clonazepam [27].

In the majority of the cases of PHM and LAS, a multidrug regimen is required to 
achieve satisfactory control of symptoms (see Fig.  11.1). In cases of LAS, it is 
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usually recommended to start with first-line options (clonazepam, valproic acid, and 
levetiracetam) and then gradually add other available treatments until symptoms are 
controlled (see Fig. 11.1). Nevertheless, despite all the available treatment options, 
multidrug-resistant cases of LAS are not infrequent. For these refractory cases, 
additional approaches may be considered. Although not approved in the US for the 
treatment of this condition, sodium oxybate (SXB) has shown positive results in 
PHM as an add-on medication. PHM, similarly to other hyperkinetic movement 
disorders, positively responds to alcohol ingestion [108, 109]. SXB is a sodium salt 
of γ-hydroxybutyrate that can easily cross the blood-brain barrier and was proven to 
be effective in alcohol-responsive movement disorders such as essential and vocal 
tremor, myoclonus-dystonia, and spasmodic dysphonia [110]. Eight cases have 
been reported in the literature where SXB was utilized in patients with LAS [110–
114]. Improvements of action and stimulus-induced myoclonus, as well as myoclo-
nus at rest were documented upon using SXB as an add-on treatment to various 
combinations of first-line medications for PHM [110]. SXB is usually started at a 
low dose of 1 g twice daily and slowly increased to the final target dose, which can 
be different between subjects, but usually below 4 g twice per day. The effect of the 
medication usually lasts between 3 and 4 h. Possible serious side effects, such as 
respiratory suppression, depression, and amnesia, should always be monitored 
when administering this medication and may limit tolerability.

 Many patients with LAS experience improvement of their myoclo-
nus with alcohol, which suggests treatment with sodium oxybate if other medica-
tions are ineffective.

In severe and nonresponsive cases, surgical approaches with deep brain stimula-
tion have been attempted as well. There are only four single case reports document-
ing the use of DBS in patients with LAS [38, 115–117]. In three of these cases, DBS 
was implanted in the globus pallidus internus (GPi), bilaterally in two patients 
(stimulation setting: amplitude 2–2.8  V, frequency 125–130  Hz, pulse width 
60–90 ms) and unilaterally in one case because of a residual hemiparesis on the 
other side (stimulation setting: amplitude 1.8  V, frequency 130  Hz, pulse width 
450μsec). These were all adult cases (of 26, 54, and 71 year of age), presenting with 
generalized and/or multifocal myoclonus at rest and with action that started within 
24 h and 2 days after CPA. Surgery was performed between 1 and 3 years after the 
initial insult. Previous treatments with clonazepam, valproic acid, levetiracetam, 
gabapentin, and intrathecal baclofen were attempted in various combinations with 
only partial benefit. GPi-DBS showed various degrees of sustained improvement at 
follow-up visits between 6 and 10 months after surgery, of both action and intention 
myoclonus as well as myoclonic jerks at rest [38, 115, 117]. In one case, a promi-
nent improvement of the myoclonus of the lower limbs, and thus of gait, was docu-
mented [115]. Few additional DBS targets have been considered. In one of the 
described cases, before targeting the GPi, stimulation of the posterior subthalamic 
area (PSA) and the ventral intermediate nucleus (Vim) were attempted during the 
surgery while the patient was awake [115]. However, stimulation in these areas 
failed to improve the myoclonus when the subject was attempting to write [115]. In 
one additional case, the ventralis oralis (Vo) and ventralis intermedius (Vim) nuclei 
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of the thalamus were targeted (frequency 135 Hz, pulse width of 0.21 ms) [116]. 
This was an adult case (36 years of age) with a history of perinatal hypoxia who 
started experiencing proximal myoclonus of the upper limbs, at rest and with action, 
at the age of 4 with significant worsening after the age of 13  years [116]. The 
improvements were persistent at 24-month follow-up after DBS [116].

Together with pharmacological and surgical approaches, rehabilitation and occu-
pational therapy are also very important in patients with severe sequela of LAS, 
particularly to maximize independence in daily activities and gait, increase safety 
and prevent falls.

 Prognosis

Prognostic features in PHM are an important element to guide treatment and the 
management of these patients. In particular, PHM can present very different out-
comes between acute and chronic cases. Onset of myoclonus after CPR has been 
noted as a prognostic factor for patients in the ICU. Studies considering survival and 
disability rates after CPA before targeted temperature management reported a sur-
vival rate of 0–11% at discharge in patients who manifested PHM during coma after 
CPR [2, 3, 30, 43, 76, 118, 119]. It is important to consider that these numbers may 
underestimate poor outcome, as some survivals progressed to a vegetative state 
[27]. In the same patients, good neurological outcomes were reported in 12% of 
cases after 6 months, and only 9–14% of patients who developed PHM after an 
anoxic event survive with only mild cognitive sequelae [3, 8, 41, 118]. In some stud-
ies, the type of myoclonus (i.e., cortical vs subcortical) does not affect the rate of 
positive neurological outcome, while in others focal and multifocal acute PHM 
myoclonus, thus suggesting a cortical origin, showed better survival compared to 
subcortical generalized myoclonus (17% vs. 3%, respectively) [3, 5, 118]. Time of 
onset and duration of the myoclonus do not seem to influence outcomes [1]. The 
American Academy of Neurology’s 2006 guidelines regarding neurological out-
comes in patients with CPA indicate the onset of acute myoclonus status epilepticus 
within the first 24 h as a negative prognostic feature [7]. This is particularly relevant 
in the context of patients in the ICU since it can influence the decision to continue 
or suspend treatments in critical patients. However, after the introduction of TTM in 
patients with cardiopulmonary arrest, the sensitivity of PHM after CPA has been 
reconsidered [19, 83]. Indeed, according to the updated AAN report from 2017, 
studies about myoclonus as a sequela of post-CPR are still too small to draw guide-
lines for the management of these patients [74]. Concerns have been raised around 
the fact that sedation and use of muscle relaxants post-CPR can mask the presence 
of myoclonus and thus confound prognostic data relative to this condition [44–46]. 
At the same time, even if after the introduction of TTM early myoclonus is still 
present and associated with poor outcome, there are also some reports showing a 
possible positive trend in patients with PHM undergoing this treatment [5, 82–84].

Acute PHM, and especially myoclonus status epilepticus, usually resolves within 
24  h. If myoclonus persists upon regaining consciousness, this suggests 
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LAS. Different from acute PHM, the prognosis of patients with LAS is more benign 
[15]. Indeed, in these cases, the neurological sequela, other than myoclonus, can be 
very limited [8]. Myoclonus itself can improve over time, although in some cases it 
remains prominent and limits patients’ recovery. Myoclonus affects patient’s gait 
and stability, speech, and autonomy in daily living [8]. No clear features have been 
identified to explain when symptoms will resolve or persist in LAS. In particular, no 
correlation was found between the duration of coma and the outcome of myoclonus 
[8]. In one case, relapses of myoclonus were reported 8 years after the initial event 
in a patient who developed PHM after a cardiac arrest due to a myocardial infarct. 
After the acute event as well as after this first relapse, myoclonus resolved. However, 
after this second episode, the patient presented again with a similar pattern of myoc-
lonus responsive to clonazepam triggered by a new respiratory infection [120].

 Conclusion

Because of the significant differences in outcome between acute PHM and LAS, 
distinguishing between these two entities is critical for patients, families, and treat-
ing physicians in order to adequately manage these conditions. However, the differ-
ences are not always clear-cut as described above [121]. Expert clinical evaluation, 
supported by ancillary tests and attentive assessment of the progression of the 
symptoms, is still important for the diagnosis and correct management of posthy-
poxic myoclonus.
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Tic Emergencies
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 Patient Vignettes

 Patient 1

Natural exacerbation of fluctuations in chronic tics with the emergence of falls 
and near falls from tics. An adult woman with a 20-year history of tics had been 
under recent stress and her tics became severe enough for her to seek additional 
care. Whereas her usual tics involved eye and neck movements, over 3 months their 
severity increased to include flailing arm jerks and truncal movements that caused 
her to stumble and, in some instances, fall to the ground. She became cautious about 
taking public transportation and standing on train platforms because of fears that 
she would stumble and fall onto the train tracks.

 Patient 2

Compressive neuropathy from tics: An adult with over 40 years of tics was con-
cerned about muscle wasting and numbness in one leg. He had an array of fluctuat-
ing tics that included loud vocalizations, bruxism, and nasal and facial movements 
that waxed and waned. Over the last year, he developed leg tics that involved knee 
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banging and unusual rotational movements of one leg. When he performed these leg 
tics, he had a tingling sensation in the involved leg that was uncomfortable but 
“strangely satisfying.” On examination, tics were observed, but also wasting of 
muscles supplied by the sciatic nerve. Electromyography confirmed a sciatic neu-
ropathy at the level of the sciatic notch.

 Patient 3

Sydenham’s disease with chorea and tics (no video) A 9-year-old girl with no 
prior history of tics presented with a 3-week history of facial grimacing, abdominal 
flexion, and finger curling. She described a sensation in her abdomen preceding the 
involuntary movements, and she was able to temporarily suppress the facial and 
abdominal movements. Simultaneously, she developed mild confusion and head-
aches. Laboratory workup through the pediatrician’s office revealed a positive strep 
throat culture and elevated antistreptolysin O titer. On examination, there were fine, 
random choreic movements of hands and fingers but in addition, there were distinct, 
repetitive eye blinks, stereotypic neck jerks, and abdominal thrusting tics.

 Patient 4

Neuroleptic-induced akathisia, initially diagnosed as a new tic: A patient with a 
10-year history of Tourette syndrome presented with a complaint of worsening leg 
and truncal tics. He had been started on pimozide 3 weeks prior because of facial 
and neck tics. One week later, his family physician further increased the pimozide 
because of his complaint of new leg movements and truncal rocking. On examina-
tion by a neurologist, multifocal motor tics affecting eyes, face, neck, and shoulder 
were present, as well as complex phonic tics. In addition, marked rhythmic leg 
movements and rocking motions were accompanied by a subjective sense of inner 
restlessness and an inability to sit still. When asked if the leg and truncal movements 
seemed different than his familiar tics, he affirmed that they were. Whereas he could 
suppress his eye, face, and neck movements for several minutes, he could not keep 
his legs or trunk still for even a few seconds.

 Patient 5

Acute worsening of chronic depression with the initiation of vesicular mono-
amine transporter-2 (VMAT-2) inhibitor therapy for tic disorder (no video) A 
50-year-old man with a long-standing history of Tourette syndrome complicated by 
coexisting anxiety and depression called urgently into his psychiatrist’s office with 
suicidal thoughts. His mood had been worsening over the past 4  weeks despite 
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compliance with his antidepressant drug regimen. When asked about other medica-
tion changes, he reported that his neurologist had added tetrabenazine 6 weeks ago 
because of worsening tics. He had titrated up slowly and was now taking tetrabena-
zine 25 mg twice a day.

 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 centers, only one-third of subjects evalu-
ated for tics require medical therapy. For most subjects, education of the patients, 
their families, and school and work personnel with or without targeted behavioral 
therapy are sufficient. When medications are needed, tics can be controlled in most 
patients, although side effects may arise. The identification of comorbid conditions 
such as attention deficit hyperactivity disorder (ADHD) or obsessive-compulsive 
disorder (OCD) is important because these disorders often cause more impairment 
than the tics themselves. Because the long-term history of tics is generally benign, 
the primary aim of treatment is to maintain a patient in the school or work environ-
ment so that normal or near-normal socialization and school achievement occur.

In rare instances, tics are severe enough to cause a neurologic emergency, and 
these fall into several categories (Table 12.1). First, intense exacerbations may occur 
in the normal context of waxing and waning. On occasion, these fluctuations are 
exacerbated by medication or stress (patient vignette 1), can frighten patients and 
their families, and limit social or academic integration. Second, tics can cause sec-
ondary neurological impairment that may result in new disability, as seen in patient 
vignette 2 with sciatic nerve damage due to marked leg tics. Third, sudden and 
unusual tics can emerge in the context of acute neurological disorders other than 
Tourette syndrome (such as Sydenham’s disease, patient vignette 3), and therapies 
aimed at the primary disorder need to be started promptly. Finally, the pharmaco-
logical treatment of tics can cause sudden adverse events, as seen in patient vignette 
4 with emerging akathisia caused by neuroleptic therapy, or patient vignette 5 with 
acute worsening of chronic depression with VMAT-2 inhibitor therapy. In this chap-
ter, each of these tic emergencies is discussed, and the diagnosis and treatment are 
reviewed.

Table 12.1 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 pharmacotherapy for tics
Mood disturbance caused by pharmacotherapy for tics
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 Tic Exacerbations

The natural history of chronic childhood-onset tic disorders is well described. 
Typically, symptoms start at around 5 or 6 years of age, 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 move-
ments). Complex tics often resemble normal movements or gestures, but they occur 
at an inappropriate time or with exaggerated intensity. Gestures may be obscene or 
provocative and are often socially embarrassing. Phonic tics might appear in the 
form of simple noises (e.g., throat clearing, sniffing, and humming), or complex 
words or phrases. Complex phonic tics containing profanities are referred to as cop-
rolalia, repetitions of someone else’s words echolalia, and repetitions of the sub-
ject’s own words palilalia. Tics are temporarily suppressible, often preceded by a 
premonitory sensation or 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 into internal and external factors (Table 12.2). 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 [3]. 
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 [4].

External factors that may exacerbate tics are diet, drugs, and concurrent infec-
tions. Even though there is no proven link between dietary products and tic severity, 
some patients report symptom exacerbations associated with the consumption of 
certain foods. Numerous drugs have been reported to exacerbate tics (Table 12.3). 
The most commonly encountered scenario occurs with stimulant drugs for the treat-
ment of comorbid ADHD [5, 6] or performance-enhancing stimulants used by some 

Internal
Fatigue
Hormone status
Level of perceived stress
External
Diet
Drugs
Infections

Table 12.2 Tics: exacerbat-
ing factors
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students during exam time. Over-the-counter drugs for common colds [7], anticon-
vulsants [8], tricyclic antidepressants [9], selective serotonin reuptake inhibitors 
[10], and certain illicit drugs [11] 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 compromised gen-
eral health.

During these periods, tics may become disabling, requiring urgent management, 
as illustrated by patient vignette 1. In the case of an external provoking factor, the 
elimination of the latter (e.g., discontinuation of the offending drug) may solve the 
problem. If there is no reversible causative agent, drugs for tic suppression may be 
warranted (Table 12.4). At present, the only agents approved for the treatment of 
tics by the US Food and Drug Administration are haloperidol, pimozide, and aripip-
razole [12, 13, 14]. Other neuroleptics commonly used to treat tics are fluphenazine, 
risperidone, and ziprasidone [15]. Because of the potential side effects of neurolep-
tics (parkinsonism, tardive dyskinesia, sedation, weight gain, and cardiac 
arrhythmias), the lowest possible dose should be used, and the need for treatment 

Methylphenidate
Pemoline
Dexedrine
Decongestants
Levodopa
Phenytoin
Carbamazepine
Lamotrigine
Phenobarbital
Imipramine
Clomipramine
Fluoxetine
Sertraline
Fluvoxamine
Bupropion
Amphetamine
Cocaine

Table 12.3 Drugs impli-
cated in tic exacerbations

Table 12.4 Selected drugs to treat tics

Drug Usual adult starting dose Usual maximum dose/day
Pimozide 1 mg at bedtime 10 mg
Haloperidol 0.25 mg at bedtime 20 mg
Aripiprazole 5 mg once daily 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
Deutetrabenazine 6 mg once daily 48 mg
Valbenazine 40 mg once daily 80 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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critically reviewed on a regular basis. The dopamine depletors tetrabenazine, val-
benazine, and deutetrabenazine have the advantage of not causing tardive dyskine-
sia and can be effective anti-tic agents [16–18]. With this class of drugs, inhibitors 
of the vesicular monoamine transporter-2 (VMAT-2), the patient needs to be care-
fully watched for signs of depression and parkinsonism. In the case of tic exacerba-
tions associated with prominent restlessness or ADHD, the alpha-adrenergic 
receptor agonists clonidine and guanfacine are 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 read-
ily targeted for treatment with the toxin. Eye blinking tics, facial grimacing tics, and 
neck jerks can be particularly well suited for such injections. Several case series and 
one double-blind, placebo-controlled trial demonstrate reduction of motor tics and 
the premonitory urge [19, 20]. The double-blind trial studied relatively 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 botulinum toxin injections [21, 22]. In rare situations, 
patients with disabling tic disorders will be referred for deep brain stimulation [23]. 
Education is an important arm of intervention, and the Tourette Syndrome 
Association (www.tsa- usa.org) has special programs that can be organized to inform 
teachers and students about tic disorders. These programs aim to defuse misunder-
standing and stigmatization related to tic exacerbations.

In the case of patient vignette 1, the exacerbating influences included recent 
stress resulting in poor sleep. The patient was counseled about stress management 
techniques, but given the dramatic character of her new tics including falls and near 
falling episodes, the decision was made to start medication. The neurologist opted 
to start 2 mg of pimozide each evening after checking an electrocardiogram and 
verifying that the QT interval was normal. 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 were still present, the emergency situation 
was considered to have passed.

 Neurological Complications from Tics

Occasionally, violent motor tics can result in secondary neurologic injury, particu-
larly radiculopathy or compressive neuropathy. In a previous report of two cases of 
secondary compressive neuropathies in patients with Tourette syndrome, both 
patients developed peripheral nerve or radicular injury within the area involved by 
violent tics [24]. In patient vignette 2, a hip-thrusting tic led to a compressive neu-
ropathy at the sciatic notch. Severe motor tics have also been reported to cause 
cervical myelopathy [25]. Rapid recognition and treatment of the tic disorder are 
essential to prevent permanent neurological deficits. The tics should be treated 
according to the treatment principles outlined in the previous section. Botulinum 
toxin injections can be particularly useful for the treatment of severe cervical tics. 
In addition, physical therapy can often facilitate recovery from the neurologic 
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injury. Patient 2 was taking haloperidol (1 mg/day) at the time of his presentation. 
The dose was gradually increased to 4 mg/day, with the improvement of the leg tics. 
He was also referred to the physical therapy department for rehabilitation of his leg 
weakness.

 Pain Related to Tics

Tic disorders can cause acute pain syndromes that require urgent management. 
Riley and Lang reviewed pain in tic disorders [26] 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 dis-
cussed in the management of tic exacerbations apply.

 Abrupt Onset of Tics Secondary to Central Nervous 
System Disorders

The abrupt onset of new tics in a patient with other neurological signs, particularly 
at an atypical age for the first presentation of tics, warrants the careful search for an 
underlying cause. Numerous acquired and genetic conditions as well as exposure to 
various drugs and toxins may cause secondary tics [27, 28]. Central nervous system 
infections, autoimmune disorders, metabolic and toxic encephalopathies, stroke, 
head trauma, and psychogenic disorders all have been implicated in triggering 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 infec-
tion [29]. This disorder is now rarely seen, but tics have been described in encepha-
litis secondary to other infectious agents such as herpes simplex virus [30, 31] and 
human immunodeficiency virus [32]. Given the emergence of the 2020 COVID-19 
pandemic, movement disorder specialists need to be vigilant to detect any possible 
postinfectious tic sequelae of similar character to the above-referenced viral 
epidemics.

The other infection-related phenomenon is that of tic disorders caused by an 
autoimmune response triggered by an underlying infection. Sydenham’s chorea is 
the prototype example, following beta-hemolytic streptococcal infection. Tics have 
been reported to occur at the onset, or following Sydenham’s chorea [33, 34], as in 
the case of patient vignette 3, a clinical presentation showing encephalopathy and 
chorea along with motor tics. There is also an ongoing debate whether streptococ-
cal infection and rheumatic fever can lead not only to Sydenham’s chorea, but also 
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trigger pediatric autoimmune neuropsychiatric disorders associated with strepto-
coccal infection (PANDAS) [35]. 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 a good 
response of her movements and behavioral disturbances. Concerns that the serious 
morbidity of COVID-19 involves an immunological cytokine storm evokes similar 
pathophysiological issues and again warrants vigilance among treating physicians 
who will want to consider this possibility in patients with new or unusual tics after 
COVID-19 recovery [36, 37].

 Sydenham’s chorea should be considered in a child with an acute 
onset of new involuntary movements.

Cases of tics occurring after carbon monoxide poisoning have also been 
described [38]. The documentation of tics attributable to metabolic disturbances 
such as hypoglycemia is questionable. Strokes can cause the abrupt onset of a tic 
disorder. Most documented cases describe multifocal or facial tics following cere-
bral infarction, but unilateral tics in the distribution of the accompanying neuro-
logical deficit have also been reported [39]. In one instance, magnetic resonance 
imaging findings linked an anatomic region to a case of post-stroke tics [40]: An 
8-year-old boy suffered a left hemiparesis, followed by the development of hemi-
dystonia 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 described [41]. Even 
though it is conceivable that traumatic brain injury induces tics, pathophysiologic 
mechanisms remain unknown, and neuroimaging studies of affected patients have 
been unrevealing.

Psychogenic tics can be seen in somatoform disorders, factitious disorders, and 
malingering [27]. They can be hard to diagnose because they share common char-
acteristics with organic tics, namely, suppressibility, distractibility, and variabil-
ity. Certain atypical features evoke a diagnosis of psychogenic tics: abrupt onset 
in the context of a life-stressor, entrainment of tics with synkinetic hand move-
ments, lack of response to antidopaminergic therapy, resolution with suggestion, 
placebo, psychotherapy or financial settlement, association with other false neu-
rological signs (such as give-way weakness), and psychiatric comorbidity. In 
these cases, the underlying psychiatric disorder needs to be treated in order to 
ameliorate the tics.

These examples underscore the importance of a careful differential diagnosis 
in the evaluation of a tic disorder. When tics occur in a typical pattern and con-
text, follow the expected waxing and waning natural history, are not associated 
with other neurological signs, and a family history of tics is clear, additional 
workup 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.
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 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 exac-
erbations from new movement disorders secondary to anti-tic medications. 
Kompoliti and Goetz [42] reported on 12 tic patients with treatment-induced move-
ment disorders. Both acute (akathisia, acute dystonia) and tardive (tardive dystonia, 
tardive chorea, withdrawal-emergent chorea) phenomena were observed during 
treatment with typical neuroleptics (pimozide, haloperidol, and fluphenazine). All 
patients had been misdiagnosed as having tic exacerbations by the referring physi-
cians. Akathisia was the most common phenomenon in this series. Akathisia affects 
trunk and leg muscles, is associated with an inner feeling of restlessness, and typi-
cally starts after neuroleptic initiation or dose increase as seen in patient vignette 4. 
Usually, a significant decrease in neuroleptic medication is required to achieve 
relief of akathisia. If the neuroleptic dose cannot be reduced, the addition of anti-
cholinergics, amantadine, beta-blockers, or mirtazapine may be helpful. In the case 
of patient 4, the neuroleptic dose could not be decreased because of 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 painful 
disorder requires the addition of an anticholinergic agent to the neuroleptic, usually 
in the form of an intramuscular or intravenous dose followed by oral anticholiner-
gic, often for the duration of neuroleptic therapy. Reports of tardive syndromes in 
tic patients are few [43–45], but the phenomenon needs to be recognized and appro-
priately managed. As opposed to tics that are generally perceived as “voluntary” and 
suppressible, patients usually perceive tardive dystonic or choreic movements as 
“involuntary” and not suppressible [46]. Unlike tics, dystonic, or choreic move-
ments usually remain unchanged or even increase during distraction or the perfor-
mance of skilled tasks. The first step in the management of these tardive syndromes 
consists of withdrawal of the neuroleptic if possible. Should the tardive symptoms 
persist and are primarily dystonic, oral anticholinergic drugs can be used, but these 
drugs often increase choreic movements. VMAT-2 inhibitors are considered particu-
larly useful in this context as deutetrabenazine and valbenazine are FDA approved 
for tardive dyskinesia, and have also shown to treat tics [47, 48]. In addition, tardive 
dystonia may be amenable to treatment with botulinum toxin if specific problematic 
muscle groups are targeted.

 Mood Disturbance Caused by Pharmacotherapy for Tics

Mood disturbances, especially anxiety and depression, are common comorbidities 
in patients with tic disorders [49]. Tic patients treated with one of the VMAT-2 
inhibitors might present with new-onset depressive symptoms, acute exacerbation 
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of pre-existing depression, or even suicidality. Tetrabenazine, originally developed 
in the late 1950s to treat psychosis, was the first VMAT-2 inhibitor used to treat 
hyperkinetic movement disorders, including tic disorders [50]. In addition to depres-
sion, drawbacks to tetrabenazine treatment include fluctuating response, the need 
for frequent intake due to its rapid metabolism, as well as the risk for parkinsonism, 
akathisia, and somnolence. This has led to the development of two tetrabenazine 
analogs, valbenazine, and deutetrabenazine with the goal of improved tolerability. 
Both tetrabenazine and deutetrabenazine carry a Black Box Warning for depression 
and suicidality in their drug label, mandated by the US Food and Drug Administration. 
Retrospective chart review studies suggest that the risk for depression with these 
agents is especially high for patients with pre-existing depression, such as seen in 
patient vignette 5 [51, 52]. Review of data from three double-blind, placebo- 
controlled trials indicates that valbenazine treatment does not seem to be associated 
with worsening depression or an increased risk of suicidal ideation [53]. In case of 
mood exacerbation from treatment with one of these agents, the VMAT-2 inhibitor 
should be discontinued and psychiatric consultation obtained. For the patient in 
vignette 5, the psychiatrist stopped the tetrabenazine in consultation with the pre-
scribing neurologist immediately, hospitalized the patient for 5 days for observa-
tion, and once suicidal thoughts cleared, the patient returned home safely.

 Depression may occur suddenly in patients treated with VMAT-2 inhibi-
tors and requires immediate evaluation and management.
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Coprolalia and Malignant Phonic Tics

Joseph Jankovic

 Introduction

Understanding the phenomenology and associated symptoms of tic disorders facili-
tates prompt diagnosis and treatment [1]. Often misconstrued as a disorder of psy-
chological origin, partly because of its peculiar behavioral, motor, and phonic 
manifestations and fluctuating course, Tourette syndrome (TS) has been frequently 
misdiagnosed as a “mental illness” and affected patients were often confined to 
psychiatric institutions. The discovery in the 1960s that dopamine receptor- blocking 
drugs (neuroleptics) markedly improve tics helped change the image of TS from a 
bizarre psychiatric disorder to a neurobiological and neurobehavioral condition.

Motor tics are among the most common childhood-onset genetic movement dis-
orders, affecting about 20% of all school children, 1% of whom have persistent tics 
and satisfy the diagnostic criteria for 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 (stereotypic) movements that may resemble gestures and mimic 
fragments of normal behavior. They typically vary in intensity, are often exacer-
bated by stress, and are repeated at irregular intervals. Although the diagnostic cri-
teria 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. Actually, phonic tics 
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are motor tics involving respiratory, laryngeal, pharyngeal, oral, or nasal muscula-
ture. 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 debilitating symptoms of 
TS. The severity of phonic tics may be measured by the volume of voice projection, 
effect on respiration, frequency of tics, and their social impact. Assessment of pho-
nic tics is also incorporated in the Yale Global Tic Severity Scale (YGTSS), consid-
ered the “gold standard” instrument in evaluating the severity and impact of TS [5]. 
Complex vocal phenomena include echolalia (repetition of others’ words), palilalia 
(repetition of one’s own words), and coprolalia (socially inappropriate words or 
phrases, obscene utterances, and shouting of profanities) [7]. The latter phenome-
non usually leads to the most troublesome social and sometimes legal problems [8].

 Severe phonic tics can exert an extraordinarily negative impact on 
patients and their families, preventing participation in school, social activities, and 
daily life. The stigma and shame associated with these tics can exert a profound 
negative influence on patient’s and family’s quality of life.

 Clinical Symptoms

Patients with TS rarely present with an emergency as a complication of their dis-
ease. Nevertheless, we have seen patients who sustained life-threatening injuries 
such as avulsing 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 [9]. Rare patients have become quadriparetic as a result of compres-
sive myelopathy caused by repetitive, violent “whiplash” tics of the neck [10]. 
Others may present because of severe scratches, hematomas, or other serious out-
comes of self-injurious behaviors [11]. Some TS patients may present to the emer-
gency room or clinic with loud uncontrollable barking, yelping, shouting of 
obscenities, or other vocal utterances. Of 332 TS patients evaluated at Baylor 
College of Medicine Movement Disorders Clinic over a 3-year period, 17 (5.1%) 
met the criteria for “malignant TS,” defined as ≥2 emergency room (ER) visits 
or ≥ 1 hospitalization for TS symptoms or its associated behavioral comorbidities 
[9]. The patients exhibited tic-related injuries, self-injurious behavior, uncontrolla-
ble violence and temper, and suicidal ideation/attempts. Compared to patients with 
nonmalignant TS, those with malignant TS were significantly more likely to have a 
personal history of obsessive-compulsive behavior/disorder (OCB/OCD), complex 
phonic tics, coprolalia, copropraxia, self-injurious behavior (SIB), mood disorder, 
suicidal ideation, and poor response to medications.

 Patients with malignant TS are more likely to have significant mood 
disorders and suicidal ideation.

Coprolalia, derived from the Greek “kopros,” which means “dung, feces” and 
“lalein,” meaning “to babble,” is one of the most notorious and recognizable 
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symptoms of TS. There are many misperceptions about coprolalia and some clini-
cians even insist on this symptom to be present in order to make a diagnosis. 
However, in a study of 597 individuals with TS from seven countries, coprolalia 
occurred at some point in the course of the disease in only 19.3% of males and 
14.6% of females (copropraxia in 5.9% of males and 4.9% of females) [7]. 
Coprolalia is difficult to study because many patients deny having this phenomenon 
and others try to “hide” it by uttering only parts of the words, such as four-letter 
words, by shortening them to “sh,” “f,” etc. Coprolalia associated with TS is usually 
in the form of uttering (swearing) obscenities (foul, repulsive, language often with 
sexual or scatological meaning), rather than profanity (cursing or cussing with reli-
gious meaning), although some have racist, sexist, or vulgar (coarse or crude) 
meaning.

Although relatively uncommon in patients with TS, in some cases coprolalia can 
be the main or most disabling manifestation of the disease. 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 tet-
rabenazine. He blurted out obscenities and profanities while riding the school bus, 
resulting in school absences owing to embarrassment. A stranger in a public bath-
room also attacked him after he blurted out a racial slur. He expressed a need to 
repeat his vocal utterances until they seemed “just right.” There have been many 
other reports of coprolalia and other complex severe (malignant) phonic tics [13, 
14]. Furthermore, it is important to recognize that there are many other disorders 
besides TS associated with involuntary vocalizations including coprolalia, such as 
various neurodevelopmental disorders, stereotypies, tardive dyskinesia, and a vari-
ety of neurodegenerative disorders such as progressive supranuclear palsy, multiple 
system atrophy, Alzheimer’s disease, and Huntington’s disease [15].

Striatal and cortical disinhibition resulting from a dysfunction of the cortico- 
striato- thalamo-cortical circuits and GABAergic alterations have been implicated in 
the pathophysiology of motor and phonic tics, as well as comorbid hyperactivity in 
TS [16]. The limbic system and ventral basal ganglia may be involved in generating 
aberrant impulses to the motor cortex. Motor and phonic tics have been categorized 
as “unvoluntary” movements, with a semivolitional component and underlying sen-
sory phenomenon. Indeed, many patients report that they perform the movements 
voluntarily in response to an involuntary sensory urge [3, 17, 18]. One of the most 
prominent sensory aspects of TS is the premonitory sensation typically present 
before the tics and relieved after their execution [19, 20].

 Treatment

Several behavioral and pharmacological treatments have been used to treat severe 
phonic tics (Fig. 13.1) [1, 21–23]. Dopamine receptor-blocking drugs are often tried 
first for moderate to severe motor tics, but these are often associated with a variety 
of adverse effects including sedation, weight gain, and risk of development of 
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tardive dyskinesia. Haloperidol and pimozide are the two medications currently 
approved for the treatment of tics by the US Food and Drug Administration (FDA). 
We prefer fluphenazine and risperidone, although the atypical neuroleptics aripipra-
zole, olanzapine, quetiapine, ziprasidone, and other third-generation neuroleptics 
may also be helpful; all can cause tardive dyskinesia [24]. Tetrabenazine, a synthetic 
benzoquinoline that presynaptically depletes monoamines by blocking vesicular 
membrane transporter type 2 (VMAT2) has also shown to reduce tic severity with-
out incurring the risk of tardive dyskinesia. Other VMAT2 inhibitors have been 
investigated and found to be safe and effective in the treatment of motor and phonic 
tics [22, 23, 25–27], but none of them have been approved yet by the FDA for the 
treatment of TS. Nevertheless, VMAT2 inhibitors are considered among the most 

Treatment of phonic tics

Severity of tics
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Guanfacine
Clonidine

Tetrabenazine
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Airpiprazole, topiramate,
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(bilateral GPi,

centromedian thalamus)

Fig. 13.1 Treatment algorithm for phonic tics
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effective and safest drugs in the treatment of TS and are used by many experienced 
clinicians as first-line therapy (see Fig. 13.1). Adrenergic drugs such as clonidine 
and guanfacine possess a moderate benefit for tics [28, 29].

 All atypical neuroleptics, with the exception of clozapine, carry a risk of 
engendering tardive syndromes. Before committing a patient to treatment, a com-
plete discussion of the risk/benefit ratio should occur, and this discussion must be 
documented in the medical record.

Behavioral techniques utilizing habit-reversal training and distraction tasks may 
provide some benefit, but few studies have systematically examined these approaches 
in patients with severe phonic tics. Many reports are hampered by small sample size 
and limited follow-up [30]. Overall, case studies using behavior reinforcement- 
based interventions are disappointing in reducing tic severity.

BoNT injections have shown to be particularly useful in treating focal motor and 
phonic tics [12–14, 31–35]. Scott et al. [12] were the first to report a patient with TS 
whose severe coprolalia markedly improved with unilateral vocal cord injection of 
BoNT. After injection of 30 mouse U of BoNTA into the left vocal cord under elec-
tromyographic guidance, the patient reported a reduction of coprolalia by “at least 
75%,” with only moderate hoarseness and hypophonia. 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. Salloway also reported a refrac-
tory case of phonic tics responsive to BoNT type A (OnabotulinumtoxinA) injec-
tions [31]. Trimble [32] described a TS patient with coprolalia refractory to 
behavioral 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. 
Selective serotonin reuptake inhibitors, neuroleptics, and behavior therapy failed to 
improve his severe coprolalia, echolalia, and vocalizations of birdlike noises. Both 
thyroarytenoid muscles were injected under local anesthesia and electromyogram 
with 3.75 mouse U of BoNTA (AbobotulinumtoxinA). He reported an excellent 
response, with a reduction in the 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 [32]. 
Kwak et al. [33] reported four patients with phonic tics in a large series of various 
motor tics treated with BoNT. 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 hypo-
phonia. The study reported a global response score of 2.7 ± 1.5 in 35 patients injected 
with BoNT in various muscle sites. BoNT injections have thus become an effective 
treatment option for patients with severe, loud, and disabling involuntary vocaliza-
tions. One of the interesting observations has been the remarkable improvement of 
not only the volume and frequency of vocalizations but also the premonitory sensa-
tion and urge in nearly all cases. Unfortunately, except for one study [34] all other 
reports of BoNT in the treatment of motor or phonic tics have been based on open- 
label observations [35–37].
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 Botulinum toxin injections offer an important therapeutic option for 
patients with intractable vocal tics.

If all pharmacologic therapy and BoNT therapies fail and the patient continues to 
be disabled by tics, then deep brain stimulation (DBS) may be considered as an 
option, although this procedure has not been specifically evaluated in the treatment 
of phonic tics [38].

 Conclusion

Coprolalia and malignant phonic tics may lead to a severe or even incapacitating 
movement disorder emergency. With appropriate interventions including the careful 
application of antidopaminergic drugs and skilled injections of vocal cords with 
BoNT, patients can be effectively managed. Rarely, neurosurgical intervention such 
as deep brain stimulation is required to control disabling vocalizations.
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Hemiballism-Hemichorea

Blas Couto, Ronald B. Postuma, and Anthony E. T. Lang

 Patient Vignettes

 Patient 1

A 69-year-old man was followed at the Toronto Western Hospital with a 7-year his-
tory of Parkinson’s disease. 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 movements 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 rigidity were 
significantly ameliorated on the left side. Magnetic resonance imaging (MRI) 
examination demonstrated an infarction of the posterior putamen and globus palli-
dus, extending upwards into the periventricular white matter (Fig.  14.1). 
Dopaminergic medications were decreased, resulting in improvement of his symp-
toms. During his admission, he began to have a spontaneous improvement in symp-
toms and did not require therapy.

This case illustrates several points. The first is that although stroke is the com-
monest single cause of hemiballism, lesions are often outside of the subthalamic 
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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 upon his Parkinson’s 
disease, perhaps due to infarction of the motor GPi.

 Patient 2

This 24-year-old woman had a 5-year history of multiple sclerosis with frequent 
relapses. She presented with paresthesias and left-sided incoordination associated 
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 
became evident on the right side, and these also progressed over time. MRI exami-
nation demonstrated numerous white matter lesions, including a large plaque in the 
area of the right subthalamic nucleus. The ballismus persisted despite trials of pimo-
zide, trifluoperazine, haloperidol, tetrabenazine, bromocriptine, sodium valproate, 
diazepam, and carbamazepine. A stereotactic thalamotomy (performed many years 
before the potential beneficial effect of GPi appellate autonomy was recognized) 

Fig. 14.1 Axial FLAIR 
and high-resolution 
coronal T2-weighted 
imaging. (Reprinted with 
permission from Riley and 
Lang [37])
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provided no benefit and was complicated by transient hemiparesis and postoperative 
epilepsy. 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 com-
plete resistance to treatment. Hemiballism can be caused by any type of focal basal 
ganglia lesion, in this case a demyelinating plaque.

 Patient 3

A 30-year-old woman with a history of pulmonary hypertension secondary to 
chronic pulmonary thrombosis and atrial septal defect (ASD) underwent pulmonary 
endarterectomy and ASD closure, a procedure requiring hypothermia, cardiopulmo-
nary bypass, and three circulatory arrests. After 6 days postoperation, she developed 
involuntary movements involving the face, flinging of the right arm, which then 
spread to the contralateral arm and evolved to generalized chorea. Examination 
showed normal cranial nerve function, mild motor impersistence in the tongue, bal-
listic movements of both arms with choreoathetotic movements of the fingers, and 
less frequent hip flexion and abduction movements in the legs. A brain MRI done on 
day 8 post-operation showed DWI restriction in the bilateral STN and globus palli-
dus. Laboratory investigations were negative for rheumatologic markers/antibodies 
(warranted given her medical history), serology for syphilis and Lyme were nega-
tive, and vitamin B12 and TSH were within the normal range. She received a diag-
nosis of post-pump/hypoxic-ischemic choreoballism. She was first treated with 
olanzapine 5  mg TID without benefit. After consultation with us tetrabenazine 
50 mg TID was added with remission of ballistic movements. At 3 months follow-
 up on tetrabenazine 25 mg TID she had only mild distal chorea interfering with fine 
motor tasks with no difficulty in gait or speech.

 Clinical Description and Etiology

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 pres-
ents 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 affect 
proximal muscles. They can be severe enough to cause the patient to strike walls 
and bedrails, causing bruising and lacerations of the limb. Movements increase with 
action and with stress. They are rarely suppressible for more than a few seconds and 
generally disappear in sleep. Hemichorea refers to movements that are similar in 
character but lower in amplitude. There is probably little pathophysiologic differ-
ence between the two movement disorders, as they share common etiologies, prog-
nosis, and treatment. In fact, they can often be present in the same patient, with 
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hemiballism more prominent early and lower-amplitude hemichorea emerging as 
the disorder resolves. Therefore, for the purposes of this chapter, we will consider 
them to be the same disorder (i.e., on a spectrum) and will use the terms inter-
changeably. Bilateral ballistic movement (“bi-ballism,” or “para-ballism” if lower 
limbs are predominantly involved) is very uncommon and occurs with bilateral cen-
tral nervous system (CNS) lesions.

Hemiballism is an uncommon disorder, and most general neurologists would not 
expect to see more than a handful of cases in their careers. 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]. A population- 
based study in Serbia found an incidence of vascular hemiballism of 0.45 per 
100,000 [3]. Pareés et al. [4] described 15 patients with vascular chorea (0.2%) out 
of 7780 consecutive patients seen in a neurologic referral center in Barcelona; only 
three of these had hemiballism. In most series, the mean onset age is 55 to 75; how-
ever, these data are derived from subspecialty clinics, probably biasing toward 
younger, more atypical patients. This is supported by the older median age of 78 
(range: 29–85) in the Barcelona series [4]. There is no clear gender predominance.

 Although dramatic, hemiballism is an uncommon movement disor-
der, typically seen only in the hospital or in the emergency room.

Classical neurological teaching has localized hemiballism to lesions of the sub-
thalamic nucleus (STN). This belief originated in the early pathological and animal 
lesion studies which suggested that hemiballism was reliably evoked by ablation of 
at least 20% of the subthalamic nucleus (see below). However, a review of the more 
recent stroke literature suggests that the subthalamic nucleus is not the site of the 
lesion in most cases. Stroke is without question the single most common cause of 
hemiballism. Hemiballism can be caused by infarcts or hemorrhages in a variety of 
locations both inside and outside the basal ganglia, including some cortical regions.

Stroke causing hemiballism was localized to the subthalamic nucleus in only 4 
of 27 cases with neuroimaging reported by Ristic et al., 4 of 27 reported by Chung, 
4 of 22 reported by Vidakovic, 4 of 21 reported by Dewey and Jankovic, 4 of 11 in 
the Lausanne stroke registry, 1 of 15 reported by Pareé, and 2 of 15 in our series at 
the Toronto Western Hospital [1, 2, 4–8]. However, since only CT imaging was 
performed in some, STN lesions could have been missed. Langaniere et al. described 
39 poststroke hemichorea/hemiballism-causing lesions from a literature review, 11 
of which located to the STN, 7 to the caudate nucleus, and 6 in the contralateral 
posterior putamen [9]. There is some evidence that hemiballism is more severe and 
persistent when due to subthalamic nucleus lesions [6]; this may have skewed early 
pathologic studies. Therefore, while stroke is the commonest cause of hemiballism, 
the minority of these infarcts involve the STN directly.

More recently, attention has been drawn to hemiballism associated with nonke-
totic hyperglycemia. With more than 100 cases reported to date, it is the second 
most common cause of hemiballism. The condition has been described most com-
monly in Asian populations. Classic patients are older females, presenting with 
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hemiballism and severe nonketotic hyperosmolar hyperglycemia [10]. As the blood 
glucose is corrected the disorder usually resolves in days to weeks, although in 20% 
of the patients milder symptoms persist for more than 3 months. Some series have 
shown persistence for up to 69 months [11]. Delayed onset after the hyperglycemic 
episode, treatment resistance and recurrence either on the same side or contralateral 
side have all been reported [11–14]. Neuroimaging findings in these patients are 
striking. In all reported cases, the high signal is seen on T1-weighted images in the 
putamen, with a similar signal occasionally found in the globus pallidus and remain-
der of the striatum [10]. The signal abnormalities on T2-weighted sequences vary 
between hyper and hypointensity, and the corresponding increased signal on 
diffusion- weighted imaging with the decreased signal on gradient-echo has been 
reported [10, 15, 16]. PET scanning has demonstrated decreased glucose uptake, 
suggestive of metabolic failure/infarction [17]. Pathologic studies in two patients 
several months after symptoms resolved demonstrated significant gliosis, with 
microglial activation and presence of gemistocytic astrocytes [18, 19]. This might 
represent a reaction to microinfarction or incomplete infarction, although no blood 
vessel abnormalities were visualized. Two other pathological cases have revealed 
more classic signs of infarction, and isolated activation of microglia in the subtha-
lamic nucleus with no other signs of infarction [20, 21]. Therefore, the cause of this 
striking condition remains uncertain. Dynamic changes in perfusion and reperfu-
sion might also cause hemichorea [22]. For example, we have reported a patient 
with transient ischemic attacks manifesting as hemiballism [23]. Reports of resolu-
tion of hemichorea in three patients with carotid endarterectomy for severe stenosis, 
as well a case of transient hemichorea after tissue-plasminogen activator (tPA) 
revascularization in a parietal stroke [24] are further support for this etiology.

 Acute hemiballism should immediately prompt consideration of a 
new diagnosis of diabetes.

Numerous other causes of hemiballism have been reported (Table 14.1). These 
include mass lesions involving the basal ganglia or STN (often in association with 
HIV infection), medications, and medical diseases that predispose to infarction or 
hemorrhage. A variety of autoimmune disorders should be considered, including 
Sydenham’s chorea and systemic lupus erythematosus (often associated with anti-
cardiolipin antibodies) as well as many more recently described autoimmune 
encephalitides associated with specific antibodies reacting against basal-ganglia 
neurons (such as anti-Hu [25], DR2, CRMP-5, CASPR2, LGI-1, NMDA-R, 
IgLON5, GABA A/B-R; for a review see [26]).

 Pathophysiology

Much of our understanding of the pathophysiology of hemiballism derives from 
classic animal models of lesions of the subthalamic nucleus. The original experi-
ments were carried out by Whittier, Mettler, and Carpenter in 1949 and 1950 [27], 
in which lesions of the basal ganglia were created in primates and their behavioral 
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effects monitored. Contralateral hemiballism could be reliably produced only by 
lesions that destroyed more than 20% of the STN. Lesions in some areas of the 
globus pallidus occasionally caused hemiballism, and it was postulated that these 
were due to disruption of connections to the STN. A second lesion to some areas of 
the globus pallidus interna (GPi) could abolish the movements. Crossman injected 
GABA antagonists, which affect neuronal cell bodies but not axons, into basal gan-
glia locations in alert monkeys, and again, only STN injections reliably caused 
hemiballism [28]. This confirms that the effects are due to lesions of neuronal cell 

Table 14.1 Causes of hemiballism

Common
   Stroke (ischemic or hemorrhagic) in basal ganglia structures
   Nonketotic hyperglycemia
Uncommon or single case reports
Focal lesions in basal ganglia
   Neoplastic
Metastases
Other primary CNS 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
SLE—Often with anticardiolipin antibodies
Scleroderma
Bechet’s disease
Hypoglycemia
Meningitis/encephalitis
   Cryptococcal
   Tuberculous
Sydenham’s chorea
Head injury
Medications (usually if superimposed on pre-existing basal ganglia lesion)
   Anticonvulsants
   Oral contraceptives
   Levodopa
   Ibuprofen
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bodies and not to passing white matter tracts. Injections in the lateral globus pallidus 
occasionally caused slower hemichoreic/hemiathetoid movements. This may be 
analogous 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.

The classic basal ganglia model postulates that STN lesions interrupt the excit-
atory 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 move-
ment [29]. However, this simple model based predominantly on neuronal firing rate 
does not explain many aspects of hemiballism including its association with lesions 
outside of the STN, why movements are ballistic and intermittent, and why lesioning 
of the apparently hypoactive GPi is capable of abolishing hemiballism. Nor does it 
adequately explain why dopamine antagonists, which target the striatum, are espe-
cially effective in treating hemiballism (see management section). Finally, it does not 
explain why subthalamotomy and subthalamic nucleus stimulation for Parkinson’s 
disease are only very uncommonly complicated by hemiballism [30].

Despite the clear involvement of BG circuits, the fact that cortical lesions can 
rarely cause hemiballismus points to a more widespread neural network involved in 
HC/HB with the participation of the supplementary motor area and bilateral motor/
premotor cortex, thalamus, and posterior putamen. This has been shown by means 
of a recently validated technique termed lesion network mapping whereby connec-
tome data from 98 healthy adults were used to identify a network associated with 
the basal ganglia site of overlap of lesions causing HC/HB (posterior putamen) in 
39 cases [9]. Some additional pathophysiological insights have come from electro-
physiologic studies of patients undergoing pallidotomy for hemiballism, in which 
microrecording of individual neurons was obtained. The most recent report involv-
ing a patient with medication-resistant posthyperglycemic hemichorea who required 
pallidotomy showed GPi neuronal discharge with high frequency (n = 14; mean 
firing rate 79 Hz) resembling the firing rate of Parkinson’s disease patients in OFF- 
medication status; and GP externus neurons with the previously described slow fir-
ing rate (n = 3, mean firing rate 48 Hz) [14]. In contrast, an earlier study of three 
patients with HB due to cerebral infarcts (2  in the STN and one more extensive 
[31–33]) reported firing rates of GPi neurons that were lower than expected normal 
values in the two cases with STN lesions, whereas the third had a rate within the 
normal range. However, all three demonstrated an altered firing pattern with inter-
mittent bursts followed by pauses and EMG examination demonstrated that ballistic 
movements correlated with pauses in firing of some individual GPi neurons. This 
suggests that the temporal pattern of GPi neuronal activity rather than the overall 
rate of firing is important in hemiballism and that brief pauses in GPi firing may be 
responsible for the generation of ballistic movements. In line with this (and with the 
network hypothesis involving cortical sites), Li and Chen found that the long inter-
val intracortical inhibition and the silent period are increased in the motor cortex 
contralateral to the hemichorea in hyperglycemic HC-HB, but only during muscle 
activation. This suggests that hemichorea-hemiballism may be associated with 
increased GABA-B receptor-mediated inhibitory activity in the motor cortex [34].
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 Prognosis

In the early literature, hemiballism was thought to carry a grave prognosis. 
Exhaustion and self-injury could cause significant morbidity, and at a time when 
medical 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. Since most cases are treated medically, the natural 
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 hemibal-
lism, 12 of whom had spontaneous resolution within 3 months [35] and in 11 out of 
15 vascular chorea symptoms subsided in the first 2 months, sometimes as fast as 2 
weeks in a more recent series [4, 16]. Similarly, 15 of 16 patients reported by 
Vidakovic had successful withdrawal of medication without recurrence [8] and in a 
series by Klawans, only 3 of 11 patients required long-term perphenazine therapy 
[17, 18, 36]. Ryan reported that 4/6 patients treated with neuroleptics had persistent 
mild chorea on treatment. They argued that our understanding of the natural history 
is biased by previous reports emphasizing spontaneous resolution of symptoms that 
failed to specify attempts to wean neuroleptic treatment [12]. Nevertheless, and as 
mentioned above, hemiballism associated with hyperglycemia usually improves 
over days. The tendency for hemiballism to spontaneously improve should be con-
sidered when planning treatment and when interpreting reports of responses to 
treatment in the literature.

 Management

An algorithm for treating hemiballism is presented in Fig. 14.2. Given its rarity, 
there are no specific guidelines, and management is derived mainly from reviews of 
the topic and expert opinion [37]. The first priority in the management of hemibal-
lism is to look for reversible causes. Hyperglycemia, infectious and neoplastic 
lesions of the basal ganglia should be excluded. Treatment of the underlying cause 
may reverse the hemiballism, although severely affected patients may still require 
concomitant pharmacologic therapy. If stroke is the cause, standard stroke manage-
ment 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 severe enough to warrant therapy. As men-
tioned previously, many cases will be mild and the majority of these will improve 
spontaneously. If therapy is required, nonpharmacologic therapy, such as padding of 
the affected limb should be considered. In severe cases, attention should be paid to 
systemic complications such as exhaustion, dehydration, and rhabdomyolysis. In 
the very rare case of extremely severe hemiballism causing dangerous complica-
tions, patients may require sedation or even intubation with neuromuscular block-
ade as a temporary bridge until effective pharmacologic therapy is instituted.
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Yes

Yes

No

Yes No

Yes

No

Yes

Look for reversible causes
- MRI, serum glucose, etc.
- secondary stroke prevention

Symptoms servere enough
to warrant treatment?

Movements causing
critical illness?

Dopamine depleting
VMAT2 inhibitor*

Available, effective, and with
tolerable side effects?

Continue treatment for 3 months,
then attempt taper - if
unsuccessful, resume previous dose

Typical neuroleptic
-Haldol, Perphenazine, Pimozide,
or Chlorpromazine

Effective with tolerable
side effects?

Consider third line
pharmacologic therapy (see text)

Effective with tolerable
side effects?

Consider stereotactic
neurosurgical treatment

Consider sedation,
neuromuscular
blockade

Non-pharmacologic
treatment
- limb padding
- hydration, treatment of
other complications

Fig. 14.2 Treatment algorithm. (Reprinted with permission from Riley and Lang [37])
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Antidopaminergic therapy is the mainstay of treatment for hemiballism. The 
best-studied medications are typical neuroleptics such as haloperidol, perphenazine, 
pimozide, and chlorpromazine [36, 38]. However, dopamine-depleting drugs, par-
ticularly tetrabenazine, can also produce marked benefits similar to those obtained 
with neuroleptics [7, 20, 39]. Given the minimal risk of tardive dyskinesia or acute 
dystonic reactions associated with its use, tetrabenazine is our preferred treatment 
for patients with persistent hemiballism who require ongoing dopaminergic block-
ade. Dosage can start at 12.5 mg TID and be titrated upwards to a maximum of 
approximately 150–200 mg per day. The speed of the titration and the maximum 
dose depend on the severity of symptoms and the initial response to therapy. 
Clinicians should remain vigilant for the side effects of depression, orthostatic 
hypotension, parkinsonism, and akathisia. Blood pressure reduction may be a dose- 
limiting side effect if rapid titration is required for severe hemiballism. Newer 
dopamine- depleting drugs (i.e., VMAT-2 blockers such as valbenazine or deutetra-
benazine) have also been reported beneficial in hemichorea [40], with potentially 
less side effects such as sedation, depression, and parkinsonism.

If dopamine depletors such as tetrabenazine are unavailable, ineffective, cause 
severe side effects, or if the patient has a history of severe depression, typical 
neuroleptics should be tried. Although there is a wide variety of neuroleptics that 
may work, we favor haloperidol, starting at a dose of 0.5 to 1 mg BID, and titrat-
ing upwards as needed. In emergency situations, this can be given as an intramus-
cular dose of 1 mg, and if ineffective, 2 mg can be given 4 hours later. If there is 
still no improvement, 4 mg q4 hours or even higher doses can be used, with sub-
sequent attempts at downward titration if movements are successfully suppressed 
[41]. In urgent situations, tetrabenazine and haloperidol can be given together, to 
take advantage of their different mechanisms of action. The side effects of typical 
neuroleptics are well known and will not be elaborated on further. However, one 
somewhat unique, but not uncommon, problem encountered with dopamine 
antagonists in hemiballism, especially in the elderly, 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 impres-
sive combination of persistent hemiballism and contralateral parkinsonism, both 
causing disability.

Response rates to dopamine-antagonist drugs are on the order of 90%, with quite 
dramatic reductions often achieved [2, 36, 38]. If typical neuroleptics fail, it is 
unlikely 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 [7, 
8, 19, 20]. In addition, there have been reports of effective treatment with clonaze-
pam, valproic acid, levetiracetam, topiramate, gabapentin, trihexyphenidyl, citalo-
pram, and amitriptyline [7, 42–45]. Although the use of amantadine has not been 
documented in hemiballism, its utility in chorea associated with Huntington’s dis-
ease and levodopa-induced dyskinesia suggests that it may be helpful. As noted 
above, carotid endarterectomy may be effective for hemichorea in some cases of 
severe carotid stenosis [22].
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If effective, treatment should be maintained for a period of approximately 
3 months after which the medication should be gradually withdrawn. It is likely that 
the majority of patients will not have a significant recurrence. If pharmacologic 
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 experi-
ence (largely in the older literature) is ventrolateral nucleus thalamotomy, with just 
under 30 patients reported. Here the lesion is placed in the VA/VL thalamus (the 
region that receives basal ganglia (GPi, SNr) outflow) in contrast to the Vim thala-
motomy used for tremor (which is directed more posteriorly to areas that receive 
cerebellar input). Krauss and Mundinger have reported the largest series, with 13 
patients followed more than 3 years [46]. Eleven of these 13 patients had significant 
improvement in their hemiballism. Side effects were few, with one patient suffering 
a transient hemiparesis, and two with mild persistent dystonia. Another good option 
is GPi pallidotomy, with numerous case reports of successful treatment also for 
posthyperglycemia patients with persistent and medication refractory chorea [6, 
12–14, 22, 31, 33, 46]. No large-scale series exist to thoroughly evaluate the effi-
cacy of this approach. Finally, with the development of deep brain stimulation 
(DBS) of the pallidum or thalamus, this approach 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 infection, breakage, and battery failure may 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 (given the rarity of persistent hemiballism, it is very unlikely that they 
ever will be), based on our experience with modern pallidotomy for movement dis-
orders, including its potential and sustained effect on levodopa-induced dyskinesia 
[47], we would favor pallidotomy directed at the sensorimotor ventroposterior 
medial pallidum as the surgical treatment of choice. To date, we are not aware of 
reports of pallidotomy performed for HB using MRI-guided focused ultrasound; 
however, practical methodological issues (e.g., the need to keep the patient awake 
and the subsequent impact of ongoing ballism) would probably make this approach 
unfeasible.

 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 commonly 
basal ganglia stroke and hyperglycemia. While it has a dramatic presentation, it 
frequently resolves spontaneously and usually responds well to dopamine 
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antagonist treatment. Treatment complications and drug-resistant cases do occur, 
representing important therapeutic challenges.
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Sydenham’s Chorea, PANDAS, and Other 
Post-streptococcal 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, pharyngeal 
infection with group A β-hemolytic Streptococcus was documented by throat cul-
ture and subsequent rise in antistreptolysin O titer. He was treated with oral antibiot-
ics, and 2 weeks later developed insidious, progressive chorea, incoordination of the 
right hemibody, and imbalance. Examination revealed moderate chorea affecting 
the eyes, arms, and legs, incoordination of fine hand movements, motor impersis-
tence 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 syndrome 
of involuntary, purposeless, rapid movements of the limbs accompanied by muscular 
weakness and emotional lability. Bouteille in 1810 and Bright in 1831 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 

R. Pons (*) 
First Department of Pediatrics, National and Kapodistrian University of Athens, Agia Sofia, 
Athens, Greece
e-mail: roserpons@med.uoa.gr

Supplementary Information The online version of this chapter (https://doi.org/10.1007/978- 
3- 030- 75898- 1_15) contains supplementary material, which is available to authorized users.

15

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-75898-1_15&domain=pdf
https://doi.org/10.1007/978-3-030-75898-1_15#DOI
mailto:roserpons@med.uoa.gr
https://doi.org/10.1007/978-3-030-75898-1_15#DOI
https://doi.org/10.1007/978-3-030-75898-1_15#DOI


256

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 and its 
presence alone is sufficient to make the diagnosis of RF [2].

During the second half of the twentieth century, behavioral and emotional diffi-
culties in patients with Sydenham’s chorea were increasingly recognized [3]. 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 neuropsychiatric 
disorders associated with streptococcal infections (PANDAS) [4].

More recently, although in a small number of patients, other post-streptococcal 
diseases have been reported, suggesting that the spectrum of post-streptococcal cen-
tral nervous system (CNS) diseases is broader, and include a subgroup of patients 
with acute disseminated encephalomyelitis with basal ganglia lesions [5], acute 
myoclonus [6], striatal necrosis [7, 8], paroxysmal dystonic choreoathetosis [23], 
acute parkinsonism [1, 25], and opsoclonus myoclonus [3, 27] (Table 15.1).

In a number of patients with post-streptococcal CNS manifestations, antineuro-
nal antibodies have been detected, supporting the hypothesis of an autoimmune 
pathophysiological mechanism [9, 10]. These conditions are now considered within 
the group of autoimmune basal ganglia disorders that are defined as autoimmune or 
immune-mediated conditions with predominant involvement of the basal ganglia, 
manifesting with movement and neuropsychiatric disturbances [9].

 Clinical Features and Diagnosis

 Sydenham’s Chorea

Sydenham’s chorea is the neurological manifestation of RF and it is a major crite-
rion for the diagnosis of RF. When chorea occurs in isolation it is sufficient to make 
the diagnosis of RF [2]. Up to a quarter of acute rheumatic fever cases develop 
Sydenham’s chorea, though this proportion varies according to temporal and geo-
graphic factors [11–14]. Usually, Sydenham’s chorea begins after a prolonged latent 
period following group A streptococcal infection. Generally, patients develop cho-
rea 4–8 weeks after an episode of streptococcal pharyngitis, but a delay of several 
months has also been described [15–17]. Chorea may begin acutely or subacutely. 
The age of presentation ranges from 5 to 15 years, and there is a female preponder-
ance [6, 15–17] (see Table 15.1). The main features of Sydenham’s chorea are invol-
untary, 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, 15, 17]. Chorea is 
often severe enough to be disabling, and in rare cases may prevent the patient from 
walking [11, 17]. Patients display motor impersistence, noticeable during tongue 
protrusion or with sustaining muscle contraction. Muscle tone is usually decreased. 
In rare cases, symptoms are so severe that the patient becomes bedridden (so-called 
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paralytic chorea). Other neurological features include dysarthria, weakness, clumsy 
gait, hypometric saccades, and hung-up reflexes [11, 16]. Motor and vocal tics can 
also occur, and oculogyric crises have been reported [11].

 Sydenham’s chorea and other post-streptococcal CNS disorders are 
immune-mediated conditions characterized by predominant involvement of the 
basal ganglia; their clinical manifestations can evolve rapidly, requiring prompt 
intervention.

Psychiatric symptoms are common in Sydenham’s chorea. These include emo-
tional lability, anger, distractibility, obsessive-compulsive symptoms, depression, 
and separation anxiety [3, 9, 18]. Clinical features of RF accompanying chorea, 
such as cardiac involvement, have been reported in 10–84% of patients [11, 12]. 
Arthritis is seen in up to 30% [11]. Sydenham’s chorea is a self-limited condition, 
usually spontaneously remitting after 2–6 months [16, 17]. In some patients it may 
last up to 2 years, and in rare cases it may persist [12, 19]. Chorea may recur, and 
the incidence of recurrence may be as high as 20–60% [12, 17] (see Table 15.1). 
Recurrence may be induced by reinfection with Streptococcus, birth control pills, 
and pregnancy (“chorea gravidarum”).

Diagnosis relies on clinical findings of acute chorea with a history of prior 
Streptococcus infection. Because chorea is generally a late manifestation of RF, it is 
unusual to find clinical evidence of acute streptococcal infection and a throat culture 
is positive in only a minority of cases [2, 17]. Elevated acute-phase reactants and 
antistreptococcal antibodies (antistreptolysin O, antiDNAse-B antibodies) are found 
in 15–80% of cases. CSF analysis is usually normal [17]. Cardiologic assessment is 
mandatory to rule out asymptomatic carditis [9]. Brain magnetic resonance imaging 
(MRI) is usually normal, although reversible hyperintensities in the basal ganglia 
have been reported, and volumetric studies have shown enlargement of the basal 
ganglia volume [9, 17, 18, 20, 21] (see Table 15.1). A diagnosis of Sydenham’s 
chorea is largely presumptive in some cases based merely on the clinical manifesta-
tions of chorea in a young patient, and by the exclusion of conditions such as sys-
temic lupus erythematosus, drug intoxication, Wilson’s disease, benign hereditary 
chorea, and hyperthyroidism [17].

 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 (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 [4]. In 1998, Swedo [4] reported clini-
cal features of the first 50 patients diagnosed with PANDAS. The age of presenta-
tion ranged from 3 to 10 years, with a male preponderance. Forty-eight percent of 
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the patients presented with acute obsessive-compulsive symptoms, and 52% pre-
sented 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, often in significant distress. 
The most prevalent psychiatric diagnoses were ADHD, affective disorders, and 
anxiety disorders. Choreiform movements described as small, jerky movements 
occurring irregularly and arrhythmically in different muscles were noted in half of 
the patients. No child had overt chorea [4]. The clinical course was episodic, char-
acterized by a waxing and waning course and abrupt onset of symptoms. Symptom 
onset and exacerbations were temporally related to preceding streptococcal infec-
tion. Such infection was not always proven, although each child had at least one 
symptom exacerbation that was preceded by a documented streptococcal infection 
within the prior 6 weeks [4] (see Table 15.1). The diagnosis of PANDAS is based on 
the five inclusion criteria mentioned above. In order to prove the temporal associa-
tion with Streptococcus, diagnostic criteria required elevation of antistreptococcal 
titers with onset and exacerbations, and falling titers with symptom remission [4].

 Post-streptococcal Acute Disseminated Encephalomyelitis

Acute disseminated encephalomyelitis is a postinfectious or postvaccination inflam-
matory disease of the CNS. The pathological hallmark is scattered foci of demyelin-
ation throughout the brain and spinal cord. Various viral and bacterial pathogens 
have been associated with this condition [28]. A subgroup of patients with acute 
disseminated encephalomyelitis associated with streptococcal infections has been 
reported [5]. Recently, Dale [5] presented ten patients with post-streptococcal acute 
disseminated encephalomyelitis. Extrapyramidal manifestations were present in 
50% of the patients: four had dystonia, three had axial and 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 (see Table 15.1).

 Post-streptococcal Acute Myoclonus

In 1998, three patients with acute-onset myoclonus following streptococcal infec-
tion were reported [6]. Myoclonus was generalized in two patients and segmental in 
another. In one patient, myoclonus was associated with behavioral change, includ-
ing aggression and hyperactivity. Streptococcal serologies were elevated in all 
patients (see Table 15.1).

R. Pons
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 Post-streptococcal Autoimmune Dystonia with Isolated 
Striatal Necrosis

Bilateral striatal necrosis is an acute-onset extrapyramidal disorder that may occur 
following a variety of infections. Neuroimaging shows symmetric lesions in the 
striatum [29]. Two patients with isolated striatal necrosis occurring shortly after a 
streptococcal pharyngitis were reported [7]. One patient presented with an acute 
neurological illness with weakness, ataxia and dystonic posturing followed by rigid-
ity and tremor, oropharyngeal incoordination and generalized chorea. The second 
patient presented with lethargy, episodic dystonic posturing, ataxia, and emotional 
lability. Cerebrospinal fluid protein concentration was elevated in both patients. 
Brain MRI showed selective striatal abnormalities. Streptococcal serologies were 
elevated and convalescent serology showed a reduction in titers (see Table 15.1). 
More recently, a new patient with post-streptococcal striatal necrosis has been 
reported. In this case the patient, a 7-year-old boy, had been previously diagnosed 
with Sydenham’s chorea; he was managed with haloperidol and reached full remis-
sion after 10 days. He was asymptomatic for 20 days and then presented with gen-
eralized dystonia-chorea, and brain imaging showed evidence of bilateral striatal 
necrosis. Streptococcal serologies were elevated. CSF analysis was normal [8] (see 
Table 15.1).

 Post-Streptococcal Paroxysmal Dystonic Choreoathetosis

There is one reported case of paroxysmal dystonic choreoathetosis occurring 1 week 
after a streptococcal pharyngitis [23]. This patient presented with acute onset of 
paroxysmal episodes of dystonic posturing, choreoathetosis, visual hallucinations, 
and immature behavior lasting minutes to hours. The episodes occurred several 
times per day, and symptoms fluctuated, lasting 6 months. Streptococcal serologies 
were elevated, and convalescent serologies showed a reduction in titers (see 
Table 15.1).

 Post-streptococcal Parkinsonism

There have been two reports of acute parkinsonism precipitated by streptococcal 
pharyngitis. One patient was a 17-year-old boy who presented with a severe acute 
akinetic-rigid disorder 2 weeks after an episode of pharyngitis; anti-basal ganglia 
antibodies were found in the serum [24]. The second patient was a 7-year-old boy 
diagnosed with a streptococcal pharyngitis who presented with acute parkinsonism- 
dystonia, mutism, dysphagia, and incontinence. Both patients had serological evi-
dence of a recent streptococcal infection and brain MRI showed abnormal signal 
and enlargement of the basal ganglia [24, 25] (see Table 15.1).
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 Post-streptococcal Opsoclonus-Myoclonus Syndrome

Opsoclonus-myoclonus syndrome is a rare neuroinflammatory disease of paraneo-
plastic, postinfectious or idiopathic origin characterized by opsoclonus, myoclonus, 
ataxia, and behavioral disturbance. Two cases of post-streptococcal opsoclonus- 
myoclonus syndrome have also been described [26]. Both patients experienced a 
prodromal upper respiratory tract illness with elevated antistreptolysin O. In addi-
tion to the opsoclonus-myoclonus syndrome they both presented with psychiatric 
disturbances. Both had evidence of anti-neuroleukin antibodies [26]. More recently, 
a 22-year-old girl presented with opsoclonus-myoclonus syndrome in the setting of 
a positive throat culture to Streptococcus pyogenes and elevated antistreptococcal 
antibodies (antistreptolysin O). In all patients, brain MRI was normal and there was 
no evidence of an underlying tumor [27] (see Table 15.1).

 Pathophysiology

The basal ganglia are believed to be the source of the problem in Sydenham’s cho-
rea and other post-streptococcal 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 [20, 21]. Abnormal striatal 
spectra consistent with neuronal damage have been reported in one patient with 
Sydenham’s chorea [21]. Volumetric studies have demonstrated enlargement of the 
caudate, putamen, and pallidum in patients with Sydenham’s chorea and PANDAS 
[20, 30]. Single-photon emission computed tomography studies have revealed 
hyper- or hypometabolism in the basal ganglia in some patients with Sydenham’s 
chorea [9]. Furthermore, patients with post-streptococcal acute disseminated 
encephalomyelitis showed basal ganglia lesions in 80% of the cases [5] and bilateral 
striatal lesions were noted in the patients with post-streptococcal autoimmune dys-
tonia with isolated striatal necrosis [7, 8], and in the patients with acute parkinson-
ism [24, 25].

Sydenham’s chorea is considered the prototype autoimmune disease of CNS 
triggered by a streptococcal infection. Serotypes of the group A β-hemolytic 
Streptococcus are involved in RF and post-streptococcal disorders. The likely mech-
anism in Sydenham’s chorea involves induction of auto-antibodies against 
Streptococcus that cross-react with neuronal antigens. This is supported by the 
induction of such antibodies when rats are immunized with the major virulence fac-
tor of group A Streptococcus (surface M protein) [22]. Anti-basal ganglia antibodies 
have been found in 45–100% of patients with Sydenham’s chorea, and their levels 
correlate with disease activity [31, 32]. Anti-basal ganglia antibodies have also been 
reported in other post-streptococcal disorders, including PANDAS, acute dissemi-
nated encephalomyelitis, paroxysmal dyskinesias, striatal necrosis, and acute 
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parkinsonism [5, 7–24, 33]. Cross-reactive antibodies against brain tubulin and 
lysoganglioside altering cell signaling have also been identified in Sydenham’s cho-
rea [9, 10]; however, their pathogenicity has been questioned because they are not 
neuronal cell surface antigens [9]. More recently, dopamine receptor autoantibodies 
have been detected in Sydenham’s chorea and their levels correlate with clinical 
symptoms [34]. On the other hand, the autoantibody data in PANDAS has been 
conflicting [9, 10], and unlike Sydenham’s chorea, no correlation between the pro-
duction of autoantibodies and severity of symptoms has been demonstrated, and no 
features of RF have been reported to date [9, 10].

Given the fact that RF and Sydenham’s chorea are more common in first-degree 
relatives of affected patients [22], and the fact that obsessive-compulsive disorder 
and tics are more common in family members of PANDAS patients [4], an underly-
ing 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 
PANDAS supporting this concept [35, 36]. The biological function of this marker 
remains undefined. In fact, it is fair to say that the relationship of streptococcal 
infection with post-streptococcal 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 [7].

 Treatment

The symptoms of Sydenham’s chorea, PANDAS, and other post-streptococcal CNS 
disorders can evolve rapidly, often requiring prompt intervention. Management of 
post-streptococcal CNS disorders is discussed in these settings (Table  15.2): (1) 
symptomatic treatment of the acute movement disorder and/or psychiatric problem, 
(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 [37]. Valproic acid is the anticonvulsant most 
widely used for the treatment of Sydenham’s chorea. Several reports have shown 
that valproic acid is effective, at doses of 10 to 25 mg/kg/day. 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 [37]. 
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. Carbamazepine at doses 
of 4–15 mg/kg/day has also been reported as a successful treatment for Sydenham’s 
chorea [37]. Neither carbamazepine nor valproic acid has been assessed in con-
trolled trials with significant numbers of patients [37]. Because of the potential risk 
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of tardive dyskinesias, dopamine receptor blockers are typically reserved for situa-
tions when chorea is severe and refractory to other treatments. Pimozide (1–2 mg 
twice a day) has been very effective, often controlling chorea within a few days 
[37]. Haloperidol (0.025–0.05  mg/kg/day) has also been used successfully [37], 
although a recent study comparing valproic acid, carbamazepine, and haloperidol 
suggested that haloperidol was the least effective of the three agents [38]. 
Tetrabenazine, a dopamine receptor blocker and monoaminergic depletor, may also 
be useful, and has the advantage of carrying little to no risk of engendering tardive 
syndromes.

 Antibiotic Treatment
Prevention of rheumatic recurrences against further streptococcal infections is of 
great importance, since up to 60% of patients with Sydenham’s chorea will later 
develop rheumatic heart disease [37]. Penicillin is the antibiotic of choice. 
Monthly injections of 1.2 million U of benzathine penicillin G are recommended, 
although in populations where the prevalence of rheumatic fever is high, injec-
tions every 3  weeks are indicated. 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 maintained for several years, generally until the age of 
21 years [9]. The decision to discontinue depends on the community’s rheumato-
genic characteristics [37, 39].

 The use of antibiotic prophylaxis in post- streptococcal CNS disorders 
other than Sydenham’s chorea is generally not indicated.

 Immunotherapy
Although immunomodulatory treatment is not routinely used in patients with 
Sydenham’s chorea, there is evidence that this type of treatment can shorten the 
duration of symptoms. Corticosteroids, intravenous immunoglobulins, and plasma 
exchange have been used [9, 37]. Corticosteroids are the modality of immunomodu-
latory treatment that is more frequently used, mainly in severe cases. Variable regi-
men strategies have been proposed, such as prednisone 1 to 2 mg/kg/day for 10 days 
to 1 month, and pulses of methylprednisolone followed by steroid tapper [37]. In 
some patients, recurrence of chorea after discontinuation of treatment occurs and 
longer periods of steroid therapy are then required [40]. Although there are no 
guidelines for immunotherapy in Sydenham’s chorea, it is considered reasonable to 
try a short course of steroids in severe cases in which symptoms fail to respond to 
conventional treatment [17]. The role of intravenous immunoglobulin for the treat-
ment of Sydenham’s chorea has been investigated. A randomized controlled study 
was designed to determine if intravenous immunoglobulin or plasma exchange 
would be superior to prednisone in decreasing the severity of chorea [41]. Although 
the differences between groups were not statistically significant due to small patient 
numbers, clinical improvements were more rapid and robust in the intravenous 
immunoglobulin and plasma exchange groups than in the prednisone group. So, 
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although further studies are needed, it appears that intravenous immunoglobulin 
may become an alternative to steroids in the treatment of severe Sydenham’s cho-
rea [41].

 Although there are no guidelines for immunotherapy in Sydenham’s cho-
rea, a course of steroids or IVIG in severe cases should be considered.

 Pandas

 Symptomatic Treatment
The neuropsychiatric symptoms of PANDAS at onset or during acute exacerbations 
may be severe. Symptomatic treatments include serotonin-specific reuptake inhibi-
tors for obsessive-compulsive symptoms, and clonidine or neuroleptics for tics. 
However, often patients are refractory to treatment with standard agents [9, 42].

 Antibiotic Treatment
A recent, prospective study of patients with new-onset PANDAS and documented 
Streptococcal infection showed that the use of penicillins or cephalosporins pro-
duced improvement of the neuropsychiatric symptoms within 5 to 21 days [42]. A 
double-blind crossover study comparing penicillin prophylaxis to placebo in 
patients 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 [43].

 Immunotherapy

Currently, despite the debatable origin of PANDAS, an immune-mediated mecha-
nism remains possible and consequently immunomodulatory therapy is considered 
in severe, impaired patients who are unresponsive to conventional neuropsychiatric 
approaches [9]. 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 
[44]. One month after treatment, patients who received plasma exchange or intrave-
nous immunoglobulins showed significant improvement in obsessive-compulsive 
symptoms and psychosocial functioning. The plasma exchange group showed sig-
nificant improvements in tic severity, whereas the intravenous immunoglobulin 
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 
immunoglobulins. 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 sup-
port for generalized routine use. The decision to use immunomodulatory therapy in 
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children is difficult, and must be balanced with the potential immediate and long- 
term risks of treatment.

 Post-streptococcal Acute Disseminated Encephalomyelitis

Of the ten reported patients with post-streptococcal acute disseminated encephalo-
myelitis, nine were treated with intravenous methylprednisolone for 3 days [5]. This 
was followed by rapid clinical improvement in all treated patients, and subsequent 
relapse in two patients several months after presentation. Patients who relapsed 
were given penicillin prophylaxis to minimize the occurrence of further relapses [5].

 Post-streptococcal Acute Myoclonus

Two reported 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 antistreptococcal antibiotic therapy or 
conventional treatment for myoclonus [6].

 Post-streptococcal Autoimmune Dystonia with Isolated 
Striatal Necrosis

Of the first two reported patients with post-streptococcal striatal necrosis, one was 
treated with antibiotic prophylaxis and oral prednisolone with significant improve-
ment over several weeks. The second patient was treated with antibiotics, with 
improvement of symptoms within a few days [7]. The more recently reported patient 
was treated with antibiotics and immunomodulatory treatment. He failed treatment 
with intravenous immunoglobulins but showed considerable improvement with 
pulse methylprednisolone [8].

 Post-streptococcal Paroxysmal Dystonic Choreoathetosis

In the reported patient with paroxysmal dystonic choreoathetosis associated with 
streptococcal infection, there was no response to antibiotic prophylaxis. 
Chlorpromazine also failed, whereas carbamazepine decreased the number of 
attacks [23].

 Post-streptococcal Parkinsonism

The first reported case of post-streptococcal parkinsonism was treated with high 
doses of intravenous steroids and immunoglobulins. He improved steadily over the 

15 Sydenham’s Chorea, PANDAS, and Other Post-streptococcal Neurological Disorders



268

following weeks and made a full recovery [24]. The second reported case was 
treated with antibiotics and dexamethasone, which did not prevent further deteriora-
tion. After the acute phase he improved considerably within the following 
12 months [25].

 Post-streptococcal Opsoclonus-Myoclonus Syndrome

The first reported cases of post-streptococcal opsoclonus-myoclonus syndrome 
were treated with antibiotics and steroids. One case improved steadily, while the 
other was resistant to the initial treatment and required prolonged steroid treatment 
[26]. The more recently reported patient was managed with antibiotics and monthly 
intravenous immunoglobulin with a favorable response [27].

 Management of post-streptococcal CNS disorders includes symp-
tomatic treatment of the acute movement disorder and/or psychiatric problem, anti-
biotic therapy and immunotherapy.

 Conclusion

Post-streptococcal movement disorders are phenomenologically varied. These ill-
nesses often present suddenly, and it is not uncommon for them to cause significant 
disability. With proper management, including pharmacological intervention and 
immunologic modulation if needed, most patients can be effectively treated.
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 Patient Vignette

A 22-year-old woman, previously in excellent health, developed a subacute deterio-
ration over several weeks characterized by progressive obtundation, decreased 
responsiveness, autonomic instability, and eventual respiratory insufficiency lead-
ing to ventilator support. Diffuse myoclonus and orobuccal-lingual dyskinesias 
were noted. Due to the recognition of the NMDA receptor antibody association with 
ovarian teratoma, a search for a teratoma was initiated and confirmed, with high 
titers of antibodies. Her hospital course was marked by months of intensive care 
treatment, with a persistent state of wakeful inattention, multiple medical complica-
tions, and slow improvement despite treatment with intravenous immunoglobulin 
(IVIG), plasmapheresis, and steroids. She was treated with rituximab, with eventual 
good long-term recovery.
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 Introduction

Paraneoplastic and autoimmune mechanisms may result in movement disorders [1] 
and can present acutely or subacutely in previously well individuals. Paraneoplastic 
disorders (PNDs) occur in patients with cancer and can affect any part of the ner-
vous system, including the basal ganglia and brainstem, causing abnormal move-
ments. Many PNDs are immune-mediated; the patient’s immune response against 
the cancer is misdirected against neurons, causing the syndrome. Other immune- 
mediated movement disorders may be post-infectious, likely triggered by molecular 
mimicry or other, as yet unknown, mechanisms. The etiology of many immune- 
mediated movement disorders however remains idiopathic, with no clear oncologic 
or infectious trigger [2]. There is an expanding group of syndromes that are associ-
ated with antibodies against cell surface or synaptic proteins that may cause early 
and prominent movement disorders [3]. Anti-NMDA receptor encephalitis is the 
most frequent of these disorders that may occur with or without tumor association, 
and although severe, may respond robustly to treatment. Because the presentation 
and clinical course of immune-mediated syndromes often develop quickly, and fail-
ure to diagnose can be lethal, we classify these disorders as movement disorder 
emergencies. This chapter focuses on anti-NMDA receptor encephalitis and other 
autoimmune or paraneoplastic movement disorders, with emphasis on their clinical 
presentations, differential diagnoses, immunological associations and antigens, and 
treatment strategies. Although autoantibody testing has changed the face of neurol-
ogy, some neuroinflammatory syndromes with dominant movement disorders lack 
diagnostic biomarkers and are still recognized by their clinico-radiological syn-
drome, such as opsoclonus–myoclonus–ataxia syndrome and Sydenham’s chorea.

 General Concepts

With a few exceptions, such as the opsoclonus–myoclonus–ataxia syndrome in chil-
dren with neuroblastoma, the majority of classic paraneoplastic syndromes result-
ing in movement disorders were until recently considered to affect adults or older 
individuals. This concept has changed with the discovery of several syndromes 
associated with antibodies against cell surface or synaptic proteins, such as NMDAR, 
which often affects children and young individuals. Moreover, while the patients 
with classical paraneoplastic antibodies to intracellular antigens (e.g., anti-Hu or 
CRMP5) often have limited benefit from immunotherapy or treatment of the tumor, 
patients with antibodies to cell surface or synaptic proteins may show dramatic 
responses to immunotherapy even before the tumor is identified or treated [3]. This, 
however, should not discourage physicians from searching for an underlying neo-
plasm, because if identified, removal of the tumor along with instituting immuno-
therapy usually expedites recovery and reduces relapses.

For most of these autoimmune encephalitic disorders (paraneoplastic or not), 
there is usually early evidence of cerebrospinal fluid (CSF) inflammatory changes, 
including lymphocytic pleocytosis and a variable increase in CSF protein 
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concentration, IgG index, and oligoclonal bands [4]. This CSF inflammation fades 
over time and these parameters normalize. Therefore, CSF abnormalities and iden-
tification of antineuronal antibodies in serum or CSF are important early clues for 
diagnosis and treatment. Some antibodies, usually targeting intracellular antigens 
(Hu, CRMP5, Ma2, amphiphysin) almost always associate with cancer, and the 
associated neurological disorders are likely mediated by cytotoxic T-cell responses 
[5]. Other antibodies directed against cell surface antigens (NMDAR, LGI1) are 
excellent diagnostic markers of characteristic syndromes that can occur with or 
without tumor association, and probably result from a direct pathogenic effect of 
the antibodies. Of these, the most common and best studied is anti-NMDAR 
encephalitis [6].

 General Classification

It is possible to separate the entities as follows:

Autoimmune encephalitis These disorders can be paraneoplastic but are often 
idiopathic or infection-provoked. Autoimmune encephalitis typically has autoanti-
bodies which bind to the cell surface of receptors or synaptic proteins involved in 
neuronal function [3]. These “cell surface” autoantibodies have proven or suspected 
pathogenic function, and the clinical syndrome is typically reversible with immuno-
therapy. Examples of autoimmune encephalitis are anti-NMDAR encephalitis and 
LGI1 encephalitis.

Paraneoplastic encephalitis or degeneration These disorders are always paraneo-
plastic and associated with tumors, typically affect older people, and have autoanti-
body biomarkers that bind to intracellular antigens. Although these intracellular 
“onconeuronal” antibodies are very specific diagnostic biomarkers, they are not 
typically pathogenic. Instead, the neurological disease process is thought to be 
T-cell mediated, and these disorders are less reversible with immunotherapy. 
Examples include anti-Hu and anti-Yo antibody paraneoplastic disease [5].

Suspected autoimmune clinico-radiological central nervous system (CNS) syn-
dromes Some neuroinflammatory diseases have highly specific clinical and radio-
logical phenotypes, which support the presence of a specific adaptive autoreactive 
immune response against the CNS. However, no diagnostic autoantibody biomarker 
has been defined or proven to be pathogenic. In these syndromes, there is either an 
unidentified pathogenic autoantibody, or a T-cell mediated or other immune pro-
cess. The diagnosis is dependent on recognition of the clinical syndrome, such as 
opsoclonus–myoclonus–ataxia syndrome or Sydenham’s chorea. These disorders 
respond to immune therapy, and early treatment often improves outcomes.

In order to organize our approach, we present the syndromes in a clinical way, 
separating the clinical syndromes by movement disorder phenomenology: 
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hyperkinetic (excess of movements) first, then hypokinetic (paucity of movements) 
and stiff movements second. Table 16.1 outlines this approach, including the auto-
antibody associations.

 Anti-NMDAR Encephalitis and Other Disorders Resulting 
in an Excess of Movements

 Anti-NMDAR Encephalitis

This disorder usually affects young women and children of both sexes [7]. This is a 
multistage illness that progresses from psychosis, memory deficits, seizures, and 
language disintegration to a state of unresponsiveness with catatonic features and 
autonomic and breathing instability [8]. Abnormal movements are prominent at this 
stage [9]. Dyskinesias are the most frequent and are observed in 80% of patients. 
While they may involve any part of the body, orobuccolingual dyskinesias are par-
ticularly prominent. They manifest as pouting, grimacing, tongue protrusion and 
rolling, palatal elevation, nares flaring, smiling-like motions, frowning, bruxism, 
oculogyric crisis, and forceful jaw opening and closing severe enough to cause 
tongue, teeth, and lip injuries [7–10]. Less commonly, chorea, ballismus, or 

Table 16.1 Clinical syndromes plus autoantibody associations are presented by dominant move-
ment disorder. The autoantibodies in bold are most strongly associated with the clinical scenario

Ataxia Chorea Dystonia Myoclonus Parkinsonism
Stiff-person 
syndrome

Paraneoplastic 
cerebellar 
degeneration 
(Yo, -Hu, −Tr, 
DNER, Ri)

Autoimmune 
encephalitis 
(NMDAR, 
Neurexin3, 
LGI1, 
CASPR2, 
IgLON5)

Autoimmune 
encephalitis 
(NMDAR)

Opsoclonus 
myoclonus 
ataxia 
syndrome

Basal ganglia 
encephalitis 
(children)

Stiff person 
syndrome 
(GAD65, Glycine 
receptor, 
Amphiphysin)

Autoimmune 
ataxia 
(GAD65, 
CASPR2, 
GluR1)

Post-HSV 
autoimmune 
encephalitis 
(NMDAR, 
D2R)

Paraneoplastic 
dystonia (−Ri, 
IgLON5)

Autoimmune 
encephalitis 
(CASPR2, 
LGI1, glycine 
receptor, 
DPPX, 
IgLON5)

Paraneoplastic 
parkinsonism 
(CRMP5, 
−Ma)

Progressive 
encephalomyelitis 
and rigidity 
myoclonus 
(PERM) (Glycine 
receptor, GAD65, 
DPPX)

Paraneoplastic 
chorea 
(CRMP5, Hu)

Autoimmune 
encephalitis 
(NMDAR, 
D2R, DPPX 
glycine 
receptor, 
GAD6S, 
LGI1, 
CASPR2, 
IgLON5)
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opisthotonic postures may occur [11–13]. In adults the movement disorder is often 
orobuccal, whereas in children the movement disorder is more likely to be general-
ized. A study of the movement phenomenology in children noted that although cho-
rea and dystonia were common, more characteristic and distinguishing features 
were the presence of perseverative, repetitive and stereotypical movements such as 
semi- purposeful touching, posturing or vocalizations [14, 15]. Likewise, vocaliza-
tions can be repetitive such as echolalia or palilalia. These hyperkinetic movements 
may alternate and evolve over time, with catatonia, catalepsy, dystonia, and rigidity 
[14–16]. Due to the initial neuropsychiatric disturbance, patients may be given anti-
psychotic medications and the orobuccolingual dyskinesias may be misinterpreted 
as tardive dyskinesias, while hyperthermia, rigidity and elevated creatinine kinase 
or rhabdomyolysis that can occur even in the absence of antipsychotic medication 
may falsely be ascribed to neuroleptic malignant syndrome [17, 18]. There is 
increasing evidence that antipsychotics can exacerbate rigidity or even neuroleptic 
malignant syndrome [18], and although antipsychotics still have a symptomatic role 
in the treatment of anti-NMDAR encephalitis, caution and extra monitoring is 
required [19]. Motor or complex seizures can occur at any time during the disease. 
The overlap of abnormal movements and epileptic seizures may confound recogni-
tion of the seizures, or lead to unnecessary escalation of antiepileptics for move-
ments that are misinterpreted as seizures [7, 20].

The association of anti-NMDAR encephalitis with an underlying tumor is related 
to the gender and age of the patient. In adult women, over 50% have an ovarian tera-
toma, while only one-third of teenage girls have a proven teratoma. Girls and boys 
under age 14 and adult men only rarely are found to have a tumor [6, 21]. The diag-
nosis can be made by recognition of the characteristic and progressive clinical syn-
drome. Half of patients will have MRI findings that may include mild or transient 
T2/FLAIR signal hyperintensity in the hippocampi, cerebellum, cerebral cortex, 
subcortical regions, basal ganglia, or brainstem [8, 10]. The finding of CSF pleocy-
tosis and mild fever at presentation can lead to an initial diagnosis of viral encepha-
litis; however, viral studies will be negative and the progression of the clinical 
syndrome usually points to synaptic autoimmunity as the cause [22]. Other diagno-
ses that may be considered include encephalitis lethargica, late-onset autism, and 
childhood disintegrative disorders [23]. Primary inherited dystonias, such as DYT1 
dystonia or dopa-responsive dystonia, can be excluded by the typically acute-onset 
of symptoms in anti-NMDA receptor encephalitis, the presence of MRI changes, 
CSF inflammatory changes, and other associated symptoms such as encephalopathy 
and seizures [24]. In children with possible anti-NMDA receptor encephalitis and 
chorea, Sydenham’s chorea (SC) may be considered. However, while patients with 
SC may have neuropsychiatric symptoms such as obsessive–compulsive disorder 
(OCD), anxiety, and paranoia [25], frank psychosis or encephalopathy is rare. SC 
often results in pure chorea, whereas the movement disorder of anti-NMDAR 
encephalitis is complex and stereotypical [14, 26]. Further, the MRI in SC is most 
often normal or shows only subtle basal ganglia changes [27]. As anti-NMDAR 
encephalitis progresses, the onset of autonomic instability and seizures also helps 
distinguish it.
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 Anti-NMDAR encephalitis is associated with ovarian teratoma in 
half of adult women, but rarely associated with tumor in men or children.

Treatment is successful in 75% of cases and is centered on removal of any asso-
ciated tumor, and immunotherapy (usually corticosteroids, IVIG, and/or plasma-
pheresis). Refractory patients may respond to cyclophosphamide or rituximab [6, 
28, 29]. Increasingly rituximab is favored over cyclophosphamide. Less than a quar-
ter of patients may experience relapses, particularly those without a tumor or those 
who receive suboptimal immunotherapy. The rate of relapses has reduced since the 
initial descriptions, possibly related to increasing use of immunotherapy including 
rituximab. Relapse may occur months or years after initial recovery [8, 10]. Relapse 
presentations are typically more limited, with isolated symptoms or with partial 
aspects of the full-blown syndrome. Treatment of the first episode with immuno-
therapy reduces the risk of relapse [29, 30, 31]. Since the descriptions of anti- 
NMDAR encephalitis, there have been a number of other much rarer autoantibodies 
associated with anti-NMDAR-like encephalitis (see Table 16.1) [32].

 Anti-NMDAR Encephalitis After Herpes Simplex Encephalitis

It has been recognized for decades that during the recovery phase after herpes sim-
plex encephalitis, some patients appear to go into a “deteriorating second phase,” 
often approximately 2–4 weeks after the herpes simplex encephalitis [33]. Rather 
than being typical of the first phase (seizures, encephalopathy with radiological 
cortical often temporal lobe encephalitis), the second phase is often characterized 
by evolving movement disorders often with worsening encephalopathy, psychiatric 
features, and often a “leukoencephalopathy” on MRI [34]. The movement disorder 
is similar to the movement disorder described in “idiopathic and paraneoplastic” 
anti-NMDAR encephalitis, with chorea and dystonia in young children being typi-
cal. In the first phase, there is evidence of herpes simplex virus (HSV) replication in 
CSF, but in the second phase instead there is production of NMDAR antibodies in 
CSF (and serum). Termed post-HSV chorea, and suspected to be autoimmune for 
some time, only recently have reports confirmed that the second phase is an autoim-
mune complication of HSV encephalitis, and in most instances the autoantibodies 
are NMDAR antibodies [35–38]. A recent study from Spain showed that autoim-
mune encephalitis complicates 27% of HSV encephalitis [38]. The discovery of 
autoimmune encephalitis after infectious encephalitis is important for two reasons. 
First, this description recognizes that a destructive inflammatory encephalitis can 
induce a secondary autoimmune process, and therefore increases our understanding 
about the origins of autoimmunity. Second, this syndrome is treatable with immu-
notherapy. Although there remain some concerns about treating a complication of 
an infectious encephalitis with immune suppression, the literature seems to demon-
strate that immunotherapy including with rituximab and cyclophosphamide is 
needed to treat post-HSV anti-NMDAR encephalitis, similar to idiopathic and para-
neoplastic anti-NMDAR encephalitis [34].
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 Paraneoplastic Chorea and CRMP5 Antibodies

Choreic movements can occur in association with antibodies to collapsin response 
mediator protein 5 (CRMP5, also termed CV2). When these antibodies are found, 
the disorder is almost always paraneoplastic and the chorea is part of a diffuse 
encephalomyelitis that may include limbic encephalitis, cerebellar ataxia, periph-
eral neuropathy, uveitis, optic neuritis, or retinitis [39–41]. The most commonly 
associated tumors are small cell lung cancer and thymoma [42]. In these patients, 
brain MRI often shows abnormal FLAIR hyperintensities involving limbic regions, 
striatum, basal ganglia, brainstem, or white matter, which may resemble a leukoen-
cephalopathy [43]. The associated neurological symptoms and MRI findings help to 
exclude many of the genetic causes of chorea such as Huntington’s disease, neuro-
acanthocytosis, and Wilson’s disease. Inflammatory causes of chorea such as sys-
temic lupus erythematosus (SLE) or antiphospholipid antibody syndrome (APS) 
should be considered and might prove more difficult to exclude, since these disor-
ders may present with chorea and other neuropsychiatric symptoms prior to any 
other systemic manifestations [2]. Discovery of the underlying tumor or appropriate 
serologic testing to screen for SLE/APS should clarify the diagnosis.

CRMP5 is an intracellular antigen that regulates neurite outgrowth, neuronal 
polarity, and dendritic branching in the developing brain [44, 45]. CRMP5 expres-
sion is seen within almost all high-grade neuroendocrine lung tumors, including 
SCLC, but not in other lung tumors [46]. Exposure to this tumor antigen likely 
results in an immune response against CRMP5 expressed in brain. The management 
of paraneoplastic chorea focuses on treatment of the tumor and, since the autoanti-
gen is intracellular, immunotherapy targeting T-cell-mediated mechanisms. 
Antibodies against CRMP5 may modify progression of the underlying oncologic 
disease; median survival is longer in patients with SCLC and anti-CRMP5 related 
encephalitis as compared to those patients with SCLC and anti-Hu related encepha-
litis, independent of the severity of the neurologic disease [47].

 Pseudoathetoid Movements in Paraneoplastic 
Sensory Neuronopathy

Paraneoplastic sensory neuronopathy (PSN) may develop in isolation but is most 
often a fragment of paraneoplastic encephalomyelitis. Patients typically develop 
asymmetric pain and paresthesias that progress to involve other extremities, and 
sometimes the trunk or cranial nerves. Eventually the severe involvement of all 
modalities of sensation results in dystonic or pseudoathetotic postures as well as a 
debilitating sensory ataxia [4]. Although not a “subcortical movement disorder,” 
PSN can result in a movement disorder due to peripheral nerve sensory dysfunction 
and should be considered in the diagnostic workup of acquired movement disorders.

Patients who develop PSN alone or as a component of paraneoplastic encephalo-
myelitis often have anti-Hu antibodies, and the associated cancer is almost always a 
SCLC, although other cancers (e.g., non-SCLC or breast carcinomas) may be found 
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especially in those patients with PSN without anti-Hu antibodies [48, 49]. The path-
ological substrate is an immune-mediated degeneration of the neurons of the dorsal 
root ganglia, likely caused by cytotoxic T-cells. The sensory neuronopathy may 
mimic disorders such as Guillain–Barré syndrome, particularly if there is also 
involvement of lower motor neurons and peripheral nerves [50]. PSN is poorly 
responsive to treatment and at best, patients will stabilize or have mild improvement 
after oncologic and immunologic therapies [51]. In some patients, rituximab has 
been effective [52].

 Opsoclonus–Myoclonus–Ataxia Syndrome

Opsoclonus is characterized by involuntary, arrhythmic, chaotic, multidirectional 
saccades without intersaccadic intervals. When paraneoplastic, opsoclonus is vari-
ably associated with encephalitis, myoclonus, and ataxia of the trunk and limbs 
(opsoclonus–myoclonus–ataxia syndrome, OMAS) and most commonly occurs in 
children between 6 months and 6 years of age [53, 54]. Half of these children will 
be found to have an associated neuroblastoma. In adults, the tumors more frequently 
associated include SCLC and breast or ovarian cancer. Other than a small subset of 
patients with breast or ovarian cancer who develop Ri antibodies [55], OMAS has 
not been consistently associated with any specific antineuronal antibody. Recent 
studies have suggested possible association with glutamate receptor delta 2 autoan-
tibodies [56], but these findings have not been reproduced [57], and most patients 
do not have antibodies binding to the cell surface of neurons [58]. The differential 
diagnosis includes post-infectious cerebellitis, toxic ingestions, and posterior fossa 
tumors [59]. OMAS can be distinguished from cerebellitis by the presence of ops-
oclonus and the lack of symptomatic improvement within the expected time- frame. 
Early recognition of OMAS in children is important, because delay in the initiation 
of immunomodulatory treatment has been shown to increase long-term neurological 
deficits [60]. In adults, other degenerative or inflammatory causes of ataxia should 
be considered, but the presence of opsoclonus is relatively specific for this disease.

Treatment of OMAS in children involves resection of the neuroblastoma, if pres-
ent, and immunotherapy, including corticosteroids, ACTH, IVIG, plasmapheresis, 
rituximab, or cyclophosphamide [61, 62]. Several case series suggest that high-dose 
pulsed dexamethasone therapy may be beneficial [62, 63]. Although the opsoclonus 
and ataxia often improve or resolve, children are frequently left with motor, speech, 
behavioral, and sleep disorders. Relapses are frequent, usually during intercurrent 
illnesses or attempts to reduce immunotherapy; few children have a monophasic 
disease course [64]. In general, the therapeutic aims should be to induce a complete 
remission and avoid relapses, as ongoing symptoms suggest ongoing brain injury 
including cognitive decline (an insidious dementia) [65]. In adults with idiopathic 
OMAS, corticosteroids or IVIG can accelerate improvement, but those with para-
neoplastic disease only benefit from immunotherapy if the tumor is controlled [66].

 Half of children presenting with OMAS will be found to have an 
underlying neuroblastoma.
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 Sydenham’s Chorea

Despite Sydenham’s chorea being described four centuries ago, there is still a pau-
city of understanding about the precise immune mechanism. Sydenham’s chorea is 
the prototypic autoimmune chorea syndrome and is part of the post-streptococcal 
rheumatic fever spectrum. Unlike anti-NMDAR encephalitis which has an extremely 
complex and often evolving movement phenotype, Sydenham’s chorea results in a 
pure chorea, usually bilateral but sometimes unilateral [14]. Orobuccal involvement 
with dysarthria is typical, and emotional plus behavioral phenotypes are expected. 
By contrast, frank encephalopathy and seizures do not occur and suggest alternative 
diagnoses such as anti-NMDAR encephalitis. Investigation for streptococcal infec-
tion is often positive, and another organ involvement (cardiac) is mandatory. CSF 
and MRI are typically non-contributory. Despite the fact that rheumatic fever is 
clearly a post-infectious autoimmune multi-organ disorder, there is no convincing 
diagnostic biomarker for Sydenham’s chorea. Although many autoantibodies have 
been described, none fulfill pathogenic criteria [67]. Although the clinical course is 
often one of the improvements within a few months, 50% of patients will have 
minor residual chorea at 2 year follow-up [68], neuropsychiatric sequelae are com-
mon and estrogen-induced chorea (chorea gravidarum or triggered by oral contra-
ceptive pill) suggests that Sydenham’s chorea results in permanent alteration to the 
brain in many patients [69]. Therefore, it is some clinicians’ practice to use a pulse 
of corticosteroids or intravenous immunoglobulin, which empirically certainly 
improves symptoms in the short term, and may improve outcomes at 1 year. Long- 
term outcomes are lacking for this to be a standard of care at this time [70, 71].

 Myoclonic-Like Movements in Patients with LGI1 Antibodies

LGI1 antibodies have been found to be one of the main autoantigens associated with 
limbic encephalitis previously attributed to VGKC antibodies. Patients with these 
antibodies develop limbic encephalitis that at least in 40% of cases is preceded or 
accompanied by myoclonic-like movements [72]. These movements are brief, 
short-lasting and repetitive, and can involve face, arm, or leg, often predominating 
in face and arm. They can occur many times per day (in some patients 80–100 
times) and have been described as “twitches,” “myoclonus,” or “stereotyped brief 
monomorphic movements” [73]. These movements are highly stereotypical and 
“shock-like” and have been described as “faciobrachiodystonic” seizures, which 
describes the facial and limb posture, which is repetitive and stereotypical and 
short-lived (mycolonic/dystonic) [74]. The exact etiology of these episodes has 
been discussed—whether they represent movement disorders or seizures has been 
argued, but their stereotypical nature makes seizure the best description. Studies 
using continuous video EEG recordings have demonstrated that these movements 
are preceded by approximately 500 ms of electrodecremental events, typical of epi-
leptic tonic seizures [75]. Using functional brain imaging, basal ganglia dysfunction 
was demonstrated in five of eight patients [76]. Recognition of the epileptic origin 
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of these “myoclonic-like” movements is important because they usually precede the 
development of a full-blown limbic encephalitis associated with LGI1 antibodies, 
and usually respond to immunotherapy. Therefore, early identification and treat-
ment with immunotherapy can prevent cognitive decline. Although FBDS and LGI1 
encephalitis appears to be a steroid-responsive and sometimes steroid-dependent 
condition, other immune therapy such as rituximab appears to also have effect and 
utility [77].

 LGI1 encephalitis presenting with fasciobrachiodystonic seizures is a 
pathognomic entity that warrants immediate immunosuppressive treatment.

 Tremor and Ataxia in Paraneoplastic Cerebellar Degeneration

Paraneoplastic cerebellar degeneration (PCD) is characterized by the acute to sub-
acute development of severe pancerebellar dysfunction. In adults the rapidity of 
onset distinguishes PCD from inherited or neurodegenerative causes of cerebellar 
ataxia [78]. The disorder usually develops over days or weeks, but in some instances, 
it has developed overnight, clinically suggesting a stroke. PCD has mostly been 
reported in association with gynecologic tumors, breast cancer, lung cancer (par-
ticularly SCLC), and Hodgkin’s lymphoma. While almost all known paraneoplastic 
antibodies have been found in association with PCD, the most commonly associated 
are anti-Yo (also called PCA-1) in patients with breast or ovarian cancer [79], anti-
 Tr in patients with Hodgkin’s lymphoma [80], and antibodies to voltage-gated cal-
cium channels (VGCC) in patients with SCLC [81]. Patients with Hodgkin’s 
lymphoma can also develop cerebellar degeneration in association with antibodies 
against mGluR1 [82].

As with all paraneoplastic neurologic disorders, the best approach to treatment of 
PCD is identification and treatment of the underlying cancer and possibly immuno-
therapy. Except for some patients with Hodgkin’s lymphoma and Tr or mGluR1 
antibodies who may respond to treatment, most patients with PCD are refractory to 
treatment, suggesting that there is early and irreversible neuronal cell death [83, 84]. 
This is supported by autopsy studies demonstrating extensive loss of Purkinje neu-
rons with relative preservation of other cerebellar neurons.

 Disorders Resulting in a Paucity of Movement or Stiffness

 Anti-Ma2 Encephalitis and Hypokinesis

Anti-Ma2 encephalitis is paraneoplastic and commonly occurs in young men with 
testicular tumors [85]. A few cases have been described in older men and women 
with lung or breast cancer [86]. In addition to short-term memory loss from limbic 
encephalitis, these patients also have involvement of the hypothalamus and 
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brainstem leading to disorders of sleep and wakefulness such as hypersomnia or 
narcolepsy- cataplexy, hyperthermia, hyperphagia, and hypothalamic–pituitary dys-
function [86]. Parkinsonian features are prominent, including bradykinesia, masked 
facies, hypophonia, and rigidity; less frequently, tremor is present. Dyskinesias may 
also occur, including forceful jaw opening and closure, and oculogyric crisis [87]. 
Rostrocaudal brainstem involvement often leads to progressive ophthalmoparesis, 
cranial neuropathies, and ataxia. Early eye movement deficits include vertical gaze 
paresis predominantly involving saccades, with relative preservation of pursuit and 
oculocephalic movements [88]. The facial and eye movement abnormalities can be 
confused with progressive supranuclear palsy or Whipple’s disease [89]. 
Neuroimaging can be helpful, as half of patients with anti-Ma2 encephalitis will 
have FLAIR/T2 hyperintensities in the medial temporal lobes, hypothalamus, thala-
mus, or upper brainstem, at times with contrast enhancement [86, 87]. The parkin-
sonian features may respond to carbidopa/levodopa, and the facial dystonia usually 
improves with muscle relaxants or botulinum toxin injections [90]. However, all 
efforts should be made to identify and treat the underlying tumor, as this is critical 
to improving outcome. Case series have shown that 35% of patients will improve 
after tumor treatment and immunotherapy, while immunotherapy in the absence of 
tumor treatment is ineffective [86, 91].

 Consider anti-Ma encephalitis and testicular tumor in a young man 
with subacute parkinsonism.

 Basal Ganglia Encephalitis

An important but rare syndrome that appears to affect children and young adults 
is an acute onset inflammatory syndrome selectively affecting the striatum, best 
called basal ganglia encephalitis. In contrast to acute disseminated encephalomy-
elitis, which results in encephalopathy, motor deficits and disseminated inflam-
matory lesions affecting the white matter and gray matter, basal ganglia 
encephalitis results in a specific dystonic-akinetic syndrome and selective basal 
ganglia inflammatory lesions [92]. The clinical syndrome is characterized by an 
acute onset dystonia or akinesia, with associated behavioral change. MRI imag-
ing in more than 50% of patients shows bilateral inflammatory lesions of the 
caudate and putamen, without involvement of the thalamus or white matter 
(Fig.  16.1). This symmetrical striatal inflammation associated with dystonia-
akinesia is an important clinico-radiological syndrome as early use of high-dose 
corticosteroids can reduce inflammation and prevent cellular loss and striatal 
atrophy with associated cognitive and inattentive deficits on follow-up [93]. 
Intravenous immunoglobulin and plasma exchange should be used if corticoste-
roids do not produce benefit in the first days of treatment. CSF demonstrates 
pleocytosis or oligoclonal bands in some patients. Suspicion of the autoimmune 
nature of this entity is supported by the presence of dopamine-2 receptor autoan-
tibodies in the serum of some patients [92].

16 Anti-NMDA Receptor Encephalitis and Other Autoimmune and Paraneoplastic…



282

 Acute-onset akinesia or dystonia in a young child with striatal lesions 
warrants immunomodulatory treatment of basal ganglia encephalitis.

 Stiff-Person Syndrome

Progressive muscle stiffness, aching, muscle spasms, and rigidity characterize this 
syndrome. Symptoms develop over months and are most prominent in the paraspi-
nal muscles and lower limbs. The majority of cases (about 85%) are idiopathic and 
not associated with cancer [94]. These patients usually have antibodies against glu-
tamic acid decarboxylase 65 (GAD65). GAD65 antibodies can occur also in patients 
with cerebellar ataxia and refractory epilepsy, which may overlap with SPS and 
rarely, are found in patients with paraneoplastic SPS, most often in association with 
thymoma [95]. Additionally, patients with SPS and anti-GAD65 antibodies may 
also have antibodies against GABAA-receptor-associated protein (GABARAP), 
suggesting that both antibodies may play a role in the disorder [96].

When SPS is paraneoplastic the tumors more frequently found are SCLC and 
breast cancer. These patients will often have antibodies to amphiphysin. Compared 
to the idiopathic form of SPS, patients with paraneoplastic SPS are older and more 
likely to have asymmetric and distal symptoms [97, 98]. SPS and mediastinal can-
cer can also have antibodies against gephyrin, a cytosolic protein associated with 

Fig. 16.1 A 4-year-old 
boy with acute onset 
dystonia, rigidity, and 
akinesia. Axial 
T2-weighted MRI shows a 
specific localized 
inflammation of the 
caudate and putamen. 
High-dose 
methylprednisolone 
resulted in improvement 
within 2 weeks. He has 
been left with some 
residual mild upper limb 
dystonia

J. Panzer et al.



283

GABAA and glycine receptors [99]. Progressive encephalomyelitis with rigidity and 
myoclonus (PERM) is likely related to SPS and is characterized by diffuse rigidity, 
painful spasms, and myoclonus. Antibodies against the α1 subunit of the glycine 
receptor have been reported in some of these patients as well as in patients with 
hyperekplexia, and atypical stiff-person or stiff-limb syndrome without GAD65 
antibodies [100, 101]. Subsequent studies have found the spectrum of neurological 
disease associated with glycine receptor antibodies to be broad, beyond PERM, 
including optic neuritis and epilepsy, questioning the pathogenic and specific nature 
of these antibodies [102–104].

For the non-paraneoplastic disorder, IVIG has been shown to be beneficial [105], 
but this remains unproven for the paraneoplastic syndrome. Paraneoplastic SPS 
should be managed by treatment of the underlying cancer and corticosteroids. 
Additional immunotherapy such as IVIG or cyclophosphamide can be considered in 
refractory cases, given that similar immunotherapies are used for other autoimmune 
encephalomyelitis [106]. Symptomatic improvement is provided by drugs that 
enhance GABAergic transmission such as diazepam, baclofen, sodium valproate, 
tiagabine, and vigabatrin [107].

 Peripheral Nerve Hyperexcitability

Peripheral nerve hyperexcitability (PNH, also called acquired neuromyotonia or 
Isaacs’ syndrome) results from spontaneous and continuous muscle fiber activity 
due to peripheral nerve dysfunction [108]. Patients develop muscle cramps, stiff-
ness, muscle twitching, and pseudomyotonia. Other related symptoms include 
hyperhidrosis, fatigue, and exercise intolerance. Symptoms are most prominent in 
the calves, legs, and trunk, but can also affect other body parts including the face 
and neck. At least a third of those affected also experience paresthesias. 
Approximately 25% of patients with PNH have CNS symptoms (Morvan’s syn-
drome) including confusion, mood changes, sleep disruption, and hallucina-
tions [109].

In most cases, PNH has a non-paraneoplastic etiology. In addition to idiopathic 
cases, there are inherited causes of neuromyotonia such as that associated with 
voltage- gated potassium-channel (KCNA1) gene mutations. Multiple toxins, 
including gold, oxaliplatin, penicillamine, herbicides, insecticides, and toluene may 
also cause neuromyotonia [110]. Patients with non-paraneoplastic PNH may have 
other autoimmune disorders, including myasthenia gravis, diabetes mellitus, chronic 
inflammatory demyelinating neuropathy, rheumatoid disease, systemic lupus ery-
thematosus, and vitiligo [110, 111]. When paraneoplastic, the most commonly asso-
ciated cancers are thymoma and SCLC [112]. In one series, patients with 
paraneoplastic PNH tended to be older and have more weakness and myokymia but 
less cramping and dysautonomia than those with non-paraneoplastic PNH [113].

Antibodies in PNH and Morvan’s syndrome target the autoantigen contactin- 
associated protein-like 2 (CASPR2) [72, 114, 115]. The remaining cases are consid-
ered antibody negative at this time, although further studies may identify specific 
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antibody associations. Recognition of this disorder is important because patients 
respond to immunotherapy. LGI1 and CASPR2 antibodies are the main autoanti-
bodies previously attributed to VGKC antibodies [116]. LGI1 antibodies are most 
strongly associated with the “central” limbic encephalitis syndrome with FBDS, 
whereas CASPR2 antibodies are more strongly associated with peripheral neuro-
myotonia and Morvan’s syndrome, although there is significant overlap and both 
are now recognized as important causes of autoimmune pain and seizures, in addi-
tion to the PNH [116].

Other than oncologic therapy when appropriate, treatment recommendations for 
PNH have reported response to plasmapheresis, IVIG, and prednisolone with or 
without steroid-sparing agents [116]. Some patients have had symptomatic improve-
ment with carbamazepine or phenytoin [117].

 General Management Considerations

When a paraneoplastic movement disorder is suspected the first concern should be 
the diagnosis and treatment of the underlying tumor, as this offers the best chance 
for stabilization or improvement of the neurologic disorder [118]. For some disor-
ders associated with antibodies to intracellular antigens (Hu, CRMP5, Ma2, amphi-
physin), the search for a tumor should be aggressive and tumor screenings should be 
repeated regularly, every 6 months for at least 2 years. Moreover, the immunother-
apy strategy for these disorders should consider that they are mediated by T-cells 
(amphiphysin may be an exception). Therefore, IVIG and plasma exchange usually 
fail in the treatment of the associated syndromes, and more aggressive immuno-
therapies, including rituximab (to reduce antigen presentation by B-cells) or cyclo-
phosphamide should be promptly considered. Except for Ma2-associated 
encephalitis, which associates with improvement in ∼30% of the patients [86], the 
other disorders have limited response to treatments. Although GAD65 is an intracel-
lular antigen, the related symptoms of the stiff-person syndrome (but less frequently 
cerebellar ataxia) may respond to IVIG [105]. Antibodies to amphiphysin may have 
a direct effect on the target antigen [119], but in many patients the response to 
plasma exchange or IVIG is unsatisfactory. The titers of most antibodies against 
intracellular antigens (except GAD65 and amphiphysin, which are located close to 
the cell surface) do not correlate well with the outcome of the disease.

In contrast, the disorders associated with antibodies against cell surface or syn-
aptic extracellular epitopes (e.g., anti-NMDAR encephalitis or LGI1 encephalitis) 
are more responsive to immunotherapy. Patients who do not improve with first-line 
immunotherapies such as corticosteroids, IVIG or plasma exchange, often improve 
with rituximab or cyclophosphamide [31]. For anti-NMDAR encephalitis there is 
evidence of a rapid and robust intrathecal synthesis of antibodies and intracerebral 
infiltrates of plasma cells, which probably explain the failure of plasma exchange, 
IVIG, and corticosteroids in some of these patients, particularly those with delayed 
diagnosis and treatment [29, 31]. Nevertheless, these patients often improve with 
cyclophosphamide and rituximab [29, 31]. Overall, 75–80% of patients with 
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syndromes related to cell surface antigens (NMDAR, LGI1, Caspr2) substantially 
improve or fully recover with immunotherapy and treatment of the tumor when 
appropriate [3, 6, 31, 116]. As expected for antibodies with a potential pathogenic 
effect, the change of titers of these antibodies correlates well with the course of the 
disease; in some disorders, such as anti-NMDAR encephalitis, the CSF titers have 
better clinical correlation than serum titers.

Other than immunotherapy, symptomatic therapy should also be considered. For 
example, symptomatic management of movement disorders in anti-NMDAR 
encephalitis can be challenging, and conventional movement disorder drugs such as 
L-dopa, antipsychotics, tetrabenazine, and anticholinergics are often unhelpful. 
Instead prioritizing inducing sleep and sedating agents are often more successful 
such as alpha-agonists, benzodiazepines, or sedating anti-histamines [19]. Muscle 
stiffness and rigidity may respond to pharmacologic treatment with GABAergic 
drugs, while muscle cramps and pseudomyotonia may respond to anticonvulsants 
that block sodium channels [107]. Although there is limited experience, some 
patients with anti-Ma2 or NMDA receptor encephalitis with involuntary forceful 
movements of the jaw that precluded feeding or carried the risk of tongue and mouth 
injuries benefited from local application of botulinum toxin [120].
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Psychosis and Parkinson’s Disease
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 Patient Vignettes

 Patient 1

A 67-year-old bus driver with a 7-year history of Parkinson’s disease (PD) pre-
sented to the emergency department with agitation. For the past 2 weeks he had 
accused his wife of having an affair with the neighbor, believed that strangers were 
living in his house, and insisted that the dog gates were installed to prevent him 
from leaving the house. He had threatened family members, and finally his wife 
called the paramedics to bring him to the hospital. His medications included the 
following: carbidopa/levodopa 25/100 mg—two tablets every 4 h (total eight tablets 
daily) along with entacapone 200  mg with each dose, carbidopa/levodopa CR 
50/200 mg nightly, amitriptyline 25 mg nightly, and aspirin. His medical history 
revealed frequent urinary tract infections. On examination, he was confused and 
exhibited typical motor features of PD including bradykinesia, rigidity, and rest 
tremor. He was afebrile, and laboratory tests revealed normal blood counts and elec-
trolytes. Urinalysis was suspicious for infection with positive leukocyte esterase 
and increased white cells. Neuroimaging did not reveal intracranial hemorrhage or 
evidence of acute stroke. He was admitted to the psychiatric ward for further man-
agement of his psychosis.
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 Patient 2

A 70-year-old retired professor with a 15-year history of akinetic-rigid PD pre-
sented to the emergency department after lighting his bedspread on fire to kill the 
insects that he thought were infesting his bed. En route, he called the police claim-
ing that the ambulance driver had kidnapped him against his will. Over the past 
year, he was reported to spend most of the day in his bedroom obsessing about 
“bugs” on his skin. He had arranged an elaborate system of locks and alarms to 
protect his belongings from intruders and believed that his wife was an imposter. 
His nightly sleep was poor, and he took frequent short naps throughout the day. His 
medication regimen included carbidopa/levodopa 48.75/195 mg four capsules three 
times daily (total 12 capsules daily). A prior trial of quetiapine up to 200 mg daily 
failed to improve his psychosis. On examination, he was agitated with persistent 
lateral bending of the trunk and marked generalized dyskinesias. He repeatedly 
insisted that he had been kidnapped against his will although he was alert and fully 
oriented, with no evidence of dementia. Vital signs and basic laboratory studies 
including toxicology screen were unremarkable.

 Introduction

Psychiatric symptoms are among the most common reasons for emergency depart-
ment visits by Parkinson’s disease (PD) patients. The disorders most likely to result 
in a visit are psychosis, acute confusion, and panic attacks [1]. Psychosis is a fre-
quent and troublesome complication in PD, often associated with increased morbid-
ity, mortality, nursing home placement [2], caregiver stress [3, 4], and worsened 
quality of life [5]. Revised criteria for PD psychosis were proposed by a NINDS- 
NIMH working group: these include illusions, a false sense of presence, hallucina-
tions, and delusions occurring chronically and in the setting of a clear sensorium 
[6]. While illusions and a sense of presence may be part of the PD psychosis spec-
trum, in this chapter we will focus on hallucinations and delusions as they may 
present an emergency situation for patients and their caregivers. Hallucinations can 
be very frightening and distressing to both the patient and caregiver, though in some 
cases they may be “benign” or even pleasant. Delusions, or idiosyncratic false and 
fixed beliefs, are often paranoid in nature and can be especially disruptive. When 
psychosis develops acutely or suddenly worsens, becomes troublesome or frighten-
ing, or poses a safety risk, urgent attention is required.

Hallucinations and delusions in PD may be acute or chronic, occur with clear or 
clouded sensorium, or retained or absent insight. Dopaminergic medications influ-
ence these scenarios, but other factors play a role as well. We will review the phe-
nomenology, epidemiology, and pathophysiology of PD psychosis, and then discuss 
its evaluation in the emergency setting.

C. L. Vaughan and J. G. Goldman
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 Phenomenology

The clinical spectrum of PD psychosis ranges from mild illusions to formed hallu-
cinations or even frank delusions. Illusions and benign hallucinations (passage or 
presence, defined below) are often grouped together and called “minor” hallucina-
tions [7]. Illusions are misperceptions of real stimuli, including phenomena such as 
interpreting inanimate objects as living beings (e.g., a chair mistaken for a dog, a 
lamppost mistaken for a tree). “Passage” hallucinations involve the sensation of a 
person or animal passing in the person’s peripheral visual field, and “presence” 
hallucinations involve the sense that someone is present close by when no one is 
really there. These “minor” hallucinations are usually not troublesome for the 
patient or caregiver, and are unlikely to constitute a movement disorder emergency.

Hallucinations are spontaneously fabricated perceptions occurring while the 
patient is awake. Most hallucinations in PD are visual in nature, although other 
sensory modalities may be involved [6]. Hallucinations in PD may be categorized 
as simple or complex. Simple hallucinations lack form and frequently include pho-
topsias such as flashes of light or color, while complex hallucinations include 
visions that are clearly defined, taking the shape of animals, humans, or objects [8]. 
Examples of complex visual hallucinations in PD include mice scurrying on the 
floor or children playing in the house, but they can be frightening including dis-
torted, grotesque, or bizarre figures. Hallucinations in PD usually are not threaten-
ing, occurring with a clear sensorium [9, 10]. They are typically brief, lasting 
seconds to minutes, and may occur or increase at night. By their recurrent and ste-
reotyped character, the hallucinatory figures may become familiar to the patient, 
who may even observe them with sympathy [11]. These seemingly benign halluci-
nations however often progress into more elaborate hallucinations, particularly in 
the setting of a clouded sensorium or when accompanied by delusions [12]. Not all 
hallucinations are benign, and as insight decreases their content may become fright-
ening. The phenomenology of hallucinations also may change with advancing dis-
ease, becoming “malignant,” disabling, and intermingled with paranoid thoughts of 
suspiciousness, sexual accusations, and contamination [13]. In general, hallucina-
tions tend to occur when the patient is in a low sensory environment, and thus can 
be more dependent on sensory state than dopaminergic drug dose [14]. Visual hal-
lucinations frequently manifest in dim light, when vision is compromised [15]. 
Visual hallucinations are more common in PD, whereas auditory hallucinations are 
more common in schizophrenia [16].

Hallucinations in nonvisual modalities also occur, but they generally accompany 
visual hallucinations [11]. When they begin, older patients more frequently experi-
ence nonvisual or mixed hallucinations rather than purely visual ones, suggesting 
that age may influence their phenomenology [17]. Unlike visual hallucinations, 
auditory hallucinations are often vague; for example, auditory hallucinations com-
monly feature the din of a party heard coming from another room, people talking 
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indistinguishably outside, or music of various types [7]. Rarely do auditory halluci-
nations interact with the patient or involve back and forth conversation [13]. 
Auditory hallucinations in PD thus differ from those of schizophrenia. Auditory 
hallucinations in PD are not usually threatening and are less likely to be the sole 
modality of hallucinations present. Tactile or olfactory hallucinations are less com-
mon in PD, but they may occur. Tactile hallucinations often involve a feeling of 
contact with small animals or being touched by someone else [18]. Olfactory hal-
lucinations may be pleasant or unpleasant in smell, even involving one nostril more 
than the other [15, 19].

Delusions are less common than hallucinations, affecting about 5–10% of 
medication- treated PD patients [20]. In PD, delusions often consist of well- 
systematized ideas focused on a single theme. Common delusional themes include 
the following: jealousy or spousal infidelity; paranoia; fears of being poisoned, 
injured, or filmed; elaborate schemes about conspiracies; stealing; abandonment; or 
somatic illnesses [15]. In a small cohort of PD patients with psychosis, systematized 
paranoid delusions (i.e., a single delusion with multiple elaborations or a group of 
delusions related to a single event or theme) were more common than nonspecific 
paranoid ideation (56% vs. 44%) [21]. A persistent suspicion may evolve into a 
fixed delusion, which may escalate causing injury or hospitalization. While delu-
sions of persecution are common in both schizophrenia and PD, delusions in schizo-
phrenia more frequently encompass themes of grandiosity, reference, and bizarre 
beliefs such as thought broadcasting, thought withdrawal, and thought insertion [22].

Misidentification syndromes are a specific type of delusion that present a particu-
larly challenging situation for the patient and caregiver. Two common misidentifica-
tion syndromes include the following: Capgras syndrome, in which the patient 
thinks that his recognizable spouse is an imposter, [23] and Fregoli syndrome, in 
which the patient believes that familiar people are, often malevolently, disguised as 
strangers [24]. These misidentification syndromes have been reported in PD, par-
ticularly in the setting of PD dementia (PDD). In one report of a PD patient with 
Fregoli syndrome, symptoms completely resolved with reduction in levodopa dose 
[24]. In a prospective study of demented PD patients, Pagonabarraga reported a 
prevalence of delusional misidentification syndromes of 16.7% [25]. Roane 
described three cases of misidentification associated with parkinsonism, all of 
whom were demented [26]. In addition to PDD, delusions may accompany other 
Parkinsonian disorders. Delusions have been reported in about 80% of patients with 
dementia with Lewy bodies (DLB) [27].

 Misidentification syndromes are common in advanced Parkinson’s 
disease, and can be extremely upsetting to the spouse and family.

C. L. Vaughan and J. G. Goldman
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 Epidemiology

Methodological differences among studies complicate attempts to estimate the fre-
quency of PD psychosis. These differences include the following: the population 
source (community vs. movement disorder clinic-based), design (retrospective vs. 
prospective), types of prevalence values (point, period, or lifetime), symptoms 
included (illusions, hallucinations and/or delusions), and measurements or rating 
scales used. Further, reliance on the subjective accounts of the patient and/or care-
giver makes identifying and rating psychosis challenging. As a result, prevalence 
estimates of PD psychosis in the literature vary greatly, ranging from approximately 
20–60% [7, 10, 20, 28–30, 31]. Many studies are clinic-based and cross-sectional, 
thereby providing point prevalence rates in PD patients on dopaminergic treatment 
[20]. In a clinic-based cross-sectional study of 116 consecutively seen PD patients, 
60% met NINDS-NIMH criteria [6] for PD psychosis [32]. In an earlier cross- 
sectional study of 129 patients, Graham established a prevalence of 25% [10]. 
Several studies provide longitudinal information on the development of hallucina-
tions. In a prospective, longitudinal cohort study, 60% of PD patients developed 
hallucinations or delusions at 12 years, and 42% of the cohort developed new psy-
chosis during the study, occurring at a mean of 13 years after motor symptom onset 
[33]. In a long-term follow-up study of PD patients initially free of hallucinations, 
Goetz found that at 10 years, 93% of the original 60 non-hallucinating PD patients 
had hallucinations on at least one interview. The prevalence of hallucinations 
increased from 33% at baseline to 63% at 10 years, and the odds of having halluci-
nations increased annually by a factor of 1.26 [34]. In the Sydney Multicenter Study 
that followed a cohort of initially levodopa-naïve PD patients, at 15 years follow-up, 
50% of patients had formed visual hallucinations, with a mean time to onset of hal-
lucinations of 10.7 years [35]. Among the survivors of the same cohort, 74% expe-
rienced visual hallucinations at 20-year follow-up, requiring reduction of 
dopaminergic medication in all, and initiation of an atypical antipsychotic in ten 
patients [36].

 Factors That Influence Development of PD Psychosis

Several factors may influence the development of PD psychosis. In general, risk 
factors for developing hallucinations include older age, concomitant depression, 
and coexistent cognitive impairment [7, 28], and visual perceptive disturbances [30, 
37–40]. Other studies have reported greater axial rigidity, increased dopaminergic 
medication doses, sleep disturbances, and multiple medical problems in affected 
individuals [7, 8, 10, 31, 33, 41–44] (Table 17.1). While hallucinations occur more 
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often in PD patients with dementia, they may occur in up to 17% of non-demented 
PD patients, as demonstrated in a large prospective study of 1351 patients [45]. In a 
10-year longitudinal study, Goetz found that time influenced their development, 
while sleep fragmentation, overall sleep function, total daily levodopa dose, Unified 
Parkinson’s Disease Rating Scale (UPDRS) motor score, and Mini-mental State 
Examination score did not [34]. In another long-duration longitudinal study, Forsaa 
found that baseline levodopa equivalent dose, age at PD onset, and probable rapid- 
eye movement (REM) sleep behavior disorder independently increased the risk of 
hallucinations. A secondary analysis of data from the CALM-PD study revealed 
that older age and the existence of multiple medical problems were associated with 
the development of hallucinations [46].

 Pathophysiology

PD psychosis may be caused by extrinsic (i.e., pharmacological treatment) and/or 
intrinsic (i.e., disease-related) factors. It is well known that dopaminergic medica-
tions can induce psychosis in PD by stimulating or inducing hypersensitivity of 
mesocorticolimbic dopamine receptors [47]. Virtually all classes of anti- Parkinsonian 
medications may produce psychosis. Some studies suggest that dopamine agonists 
are more likely culprits than levodopa [46, 48–50], and anticholinergics are a fre-
quent trigger especially in elderly PD patients [51]. While dopaminergic medica-
tions contribute to PD psychosis, several intrinsic factors also play a role [46–53].

Investigations of PD psychosis have focused on three primary areas: primary 
visual system, brainstem, and cortex [12]. Dysregulation in these areas often mani-
fests as visual disturbances, sleep or mood disorders, or cognitive impairment—
suggesting abnormalities in “top-down” and/or “bottom-up” processing. The visual 
system may be affected in PD patients at multiple levels, and hallucinations are 
associated with ocular and retinal dysfunction in addition to central processing defi-
cits [4, 54–55]. Dopaminergic innervation around the fovea is reduced in PD, and 
this contributes to altered visual processing at the level of the receptive fields of 
ganglion cells [56]. Retinal dopaminergic dysfunction reduces meaningful informa-
tion for central visual processing such that finer details of visual stimuli are blurred, 

Table 17.1 Risk factors for PD psychosis

Older age
Older age at PD onset
Worse motor function, particularly axial function
Higher baseline levodopa equivalent dose
Advanced disease
Lower cognitive status
Concomitant dementia
Concomitant depression
Sleep disturbances (e.g., REM sleep behavior disorder)
Multiple medical problems
Visual perceptive disorders
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and contrast and color discrimination are reduced [57]. Compared to PD patients 
without hallucinations, PD hallucinators have reduced visual acuity [30, 58] and 
impaired contrast sensitivity [57].

Cortical abnormalities and dysregulation have been suggested on the basis of 
neuroimaging studies. In a structural magnetic resonance imaging (MRI) study, 
Goldman et al. demonstrated gray matter atrophy in occipital areas involved in the 
“what” and “where” visuoperceptive pathways in PD visual hallucinators compared 
to PD non-hallucinators, who were matched for cognitive status and other potential 
confounders [59]. Functional and metabolic neuroimaging studies reveal different 
responses to visual stimuli or perfusion patterns in PD hallucinators compared to 
PD non-hallucinators. In a functional magnetic resonance imaging (fMRI) study, 
Holroyd and Wooten showed that PD hallucinators demonstrated increased activa-
tion in the visual association cortex and deficits in the primary visual cortex [60]. 
Stebbins found that hallucinating PD patients had more frontal and subcortical acti-
vation and less posterior cortical activation than non-hallucinating PD patients [61]. 
These studies suggest that retinal dopamine deficiency or decreased visual input 
(afferent abnormalities), or disruptions in the pathways mediating visual attention 
may alter how the visual cortex processes stimuli. Significantly reduced occipital–
inferior temporal–parietal perfusion patterns have been shown in PD patients with 
visual hallucinations using n-isopropyl-p-[123I] iodoamphetamine single photon 
emission computed tomography (123I-IMP SPECT) [58] and 18F-deoxyglucose posi-
tron emission technology (18F-FDG PET) [62]. In a study using ([123I]IMP) SPECT, 
Matsui found that PD hallucinators had significant perfusion reductions in the bilat-
eral inferior parietal lobule, inferior temporal gyrus, precuneus gyrus, and occipital 
cortex compared to PD non-hallucinators. Using 18F-FDG PET, Boecker found sig-
nificant metabolic abnormalities in regions of the dorsal and ventral visual streams, 
but not in primary visual cortex in PD hallucinators compared to PD non- 
hallucinators; they did not find increased glucose metabolism in frontal regions, 
although this has been demonstrated in some studies. The two principal visual pro-
cessing routes may be especially relevant to PD hallucinations as the ventral stream 
is involved in object and form vision (“what”), and the dorsal stream in spatial 
location and motion vision (“where”) [62].

While the loss of substantia nigra pars compacta dopaminergic neurons is a neu-
ropathologic hallmark of PD, it is well recognized that PD pathology extends well 
beyond the nigrostriatal system [63]. Postmortem studies have shown increased 
extranigral Lewy body burden in PD patients with visual hallucinations, including 
the ventral temporal lobe [64]. PD cases with well-formed visual hallucinations 
contained high densities of Lewy bodies in the amygdala and parahippocampus, 
with early hallucinations associated with higher densities in parahippocampal and 
inferior temporal cortices [65]. Brainstem changes with loss of noradrenergic neu-
rons of the locus ceruleus, serotonergic neurons of the raphe nuclei, and the cholin-
ergic parabrachial and pedunculopontine nuclei may also play a role in PD 
hallucinations [16, 63].

The relationship between hallucinations, sleep, and brainstem dysfunction has 
been based on observations that hallucinations can occur as rapid-eye movement 
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(REM) intrusions, and that hallucinating PD patients have altered sleep-wake pat-
terns [12]. Visual hallucinations in PD may represent intrusions of REM sleep into 
wakefulness, and the hypothesis of visual hallucinations as overflow dream phe-
nomena has been supported by several studies [66, 67]. This concept has focused 
anatomic attention on the reticular activating system and the parapontine nucleus 
[34]. Also hypothesized is a link between hallucinations and REM sleep behavior 
disorder (RBD) [68]. In a prospective study of PD patients, RBD significantly cor-
related with hallucinations independently of age, gender, PD duration or PD stage, 
and also correlated with dopaminergic dose [41]. The underlying mechanisms of 
RBD may relate to brainstem alterations of cholinergic [67] or noradrenergic activ-
ity [41].

PD psychosis is closely linked to cognitive impairment and dementia. 
Neuroimaging studies comparing hallucinating PD and non-hallucinating PD 
patients demonstrate greater volume loss in temporal and parietal lobes as well as 
limbic regions in PD hallucinators [69, 70]. In addition, postmortem studies reveal 
Lewy body pathology in temporal and limbic regions, areas associated with mem-
ory function, in PD hallucinators [64, 65]. Clinically, many PD patients may lose 
insight into their psychosis when they develop cognitive impairment [7]. Cognitive 
deficits in PD hallucinators frequently affect visual and verbal memory, executive 
function, and visuoperceptive–visuospatial tasks [71]. In demented PD patients, 
hallucinations may be more complex, more frequent, and are more likely to be per-
ceived as unpleasant [72]. In a prospective study of PD patients with and without 
visual hallucinations, Llebaria showed that PD patients with hallucinations without 
insight were impaired in cognitive tasks reflecting posterior cortical dysfunction 
[73]. PD patients with major hallucinations and intact insight, however, had frontal- 
subcortical impairment reflecting executive dysfunction. Posterior cortical dysfunc-
tion may be a risk factor for both PD dementia [74] and hallucinations [62, 73]. 
Thus, the close relationship of hallucinations and cognitive impairment in PD may 
reflect shared neuroanatomical substrates.

 Evaluation

When a PD patient presents with acute psychosis, several medical and neurological 
conditions may be entertained in the differential diagnosis. A toxic-metabolic 
encephalopathy may occur in patients who are medically ill, infected, or acutely 
overmedicated. In these cases, delirium is frequently present, and hallucinations 
may be associated with confusion, agitation, or myoclonus. The medication regi-
men must be carefully reviewed, with attention to recent changes in drugs or doses, 
or drug–drug interactions (e.g., serotonin syndrome). In cases of anticholinergic 
toxicity, psychosis may be accompanied by dry skin, urinary retention, and mydria-
sis [11]. Early identification and treatment of delirium is essential. Frequently, delir-
ium or an acute change in mental status indicates a “medical” explanation 
(Table 17.2). Particularly with concomitant delirium, evaluation for acute psychosis 
requires basic laboratory studies, workup for infection, toxicology screens, and 
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neuroimaging for evaluation of intracranial hemorrhage or infarct. It is helpful to 
learn if the patient has previously experienced similar presentations, particularly 
urinary tract infections or noncompliance with medications.

For those PD patients with new-onset psychosis, hallucinations early in the 
course of parkinsonism (e.g., within the first 12 months or even before dopaminer-
gic drugs are introduced) may indicate DLB [11]; this “1-year rule” has been used 
to separate DLB from PDD [13]. This distinction has treatment implications as 
DLB patients may have marked neuroleptic sensitivity and, in rare cases, develop a 
neuroleptic malignant-like syndrome [75]. Psychosis in DLB patients also may 
respond to cholinesterase inhibitors [76].

For those PD patients with an acute exacerbation of chronic psychosis, in addi-
tion to excluding “medical” etiologies, medication changes, or medication inter-
actions, several other points merit attention. Underlying sensory deficits (i.e., 
visual or hearing impairment) may contribute to psychosis. For example, visual 
impairment can lead to hallucinations; in the Charles-Bonnet syndrome, elderly 
people with low visual acuity may experience benign visual hallucinations as 
“release” phenomena [14]. One should also inquire about primary psychiatric 
conditions such as depression, schizophrenia, schizoaffective disorder, or bipolar 
disorder. Depression in PD approaches 30–40% [77], and psychosis occasionally 
accompanies moderate-to- severe depression [78]. Previous studies suggest that 
psychosis due to comorbid psychiatric conditions differs from PD psychosis; PD 
psychosis does not usually include thought broadcasting, delusions of grandeur, 
voices talking about the patient, mind reading, being controlled by foreign forces, 
or hyper-religiosity [14].

 Hallucinations present within the first year of diagnosis suggests 
a diagnosis of dementia with Lewy bodies.

Regardless of whether a PD patient presents with first-time psychosis or an acute 
exacerbation of chronic psychosis, the psychosis may be a consequence of PD med-
ications, especially when there is no “medical” cause or other explanation. The 
initial workup for acute PD psychosis frequently occurs in the emergency 

Table 17.2 Evaluation of acute PD psychosis

Differential diagnosis
P—Parkinson’s disease medications
SY—Systemic illness
C—Centrally acting medication
H—Hepatic, renal, or other metabolic dysfunction
O—Overdose of medications or intoxication
S—Sensory deprivation (hearing, visual impairment)
I—Infection (urinary tract infection, pneumonia)
S—Structural lesions (stroke, subdural hematoma, intracranial hemorrhage, trauma)
Proposed tests, depending on scenario:
   Labs: complete blood count, comprehensive metabolic profile, thyroid function, toxicology 

screen, urinalysis, urine culture, cerebrospinal fluid analysis
   Imaging: head computed tomography or magnetic resonance imaging, chest X-ray
   Other: electroencephalogram
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department or outpatient clinic. From there, patients are usually admitted to the 
hospital for further evaluation and management, particularly when the psychosis 
cannot be managed effectively in an outpatient setting. Of all PD patient admissions 
to a community hospital during a 6-year period, 24% were due to psychosis, and 
drug- induced psychosis was the cause of repeated and prolonged admissions in 
29% of patients [79]. The best setting for acutely psychotic PD patients is a well-
controlled, calm environment where people are equipped to manage psychotic 
patients; this type of environment may be in a psychiatry unit but other settings also 
may be appropriate. Neurological consultation should be obtained early in the hos-
pital course as there are often multiple considerations for hospitalized PD patients, 
such as the appropriate dose and timing of PD medications and the avoidance of 
medications that can worsen PD.

 Treatment

In the setting of acute psychosis, patients may be very agitated. In this situation, 
low-dose benzodiazepines (intramuscular or oral) may be necessary to calm them 
[15]. Typical antipsychotics with dopamine blocking properties should be avoided 
as they can trigger a significant deterioration of motor symptoms, and a neuroleptic 
malignant syndrome [80]. If a specific etiology for the acute psychosis is deter-
mined, this should be addressed (e.g., antibiotics for an infection, correction of 
metabolic derangements) (Fig. 17.1).

Once the patient is no longer agitated, the next step is to reduce non-PD medica-
tions that may have psychoactive properties. Common medications in this category 
include anticholinergics for bladder hyperactivity, tricyclics for depression, benzo-
diazepines for anxiety or sleep, hypnotics for sleep, and opioids for pain. If there is 
no timely improvement, then PD medications should be gradually reduced. In 
reducing PD medications, the general consensus is to taper and stop the medications 
with the highest risk-to-benefit ratio first [81]. One proposed order of reduction or 
discontinuation includes the following: anticholinergics first, followed by amanta-
dine (especially to note if a patient has impaired renal clearance), selegiline or rasa-
giline, dopamine agonists, COMT-inhibitors, and then levodopa [82]. The reduction 
or discontinuation of PD medications should be done under close observation by the 
neurologist as motor symptoms may worsen. A point, however, may be reached at 
which the PD medications cannot be reduced without compromising motor func-
tion, at which time antipsychotic medications are frequently added [81].

Despite the high prevalence of psychosis in PD, there are few randomized, 
double- blind, placebo-controlled trials of the atypical antipsychotics in PD. Atypical 
antipsychotics include (in order of arrival in the United States) the following: clo-
zapine, risperidone, olanzapine, quetiapine, ziprasidone, aripiprazole [78], and 
pimavanserin that was given accelerated approval by the FDA in 2016. The American 
Academy of Neurology (AAN) practice parameter on treatment of PD psychosis 
(2006) considered only three atypical antipsychotics and recommended that clozap-
ine should be considered (Level B), quetiapine may be considered (Level C), and 
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olanzapine should not be considered (Level B) [83]. This practice parameter has 
since been retired (as of February 23, 2018) and an updated evidence-based medi-
cine review commissioned by the International Parkinson and Movement Disorder 
Society (MDS) reviewed the latest studies to include pimavanserin [84].

Clozapine has been studied in several double-blind, placebo-controlled trials 
that have shown improvement in psychosis with negligible motor worsening [85–
87]. In a double-blind study by Pollak, low-dose clozapine (mean dose 35.8 mg/
day) improved PD psychosis as early as a few days after initiation [88]. 
Furthermore, more than one-third of patients were able to benefit from increased 

Acute PD Psychosis

Not agitatedAgitated

Low-dose benzodiazepines
(IM or oral)

Consider hospitalization

Treat underlying medical
problem

Discontinue or reduce non-
PD related medications

with psychoactive (or CNS)
properties

•  Anticholinergics
•  Amantadine
•  MAO-B inhibitor
•  Dopamine agonist
•  COMT-inhibitor
•  Levodopa

Titrate or eliminate:

Treat with antipsychotics
(e.g., clozapine,

pimavanserin, quetiapine)

Points to consider regarding
hospitalization:

•  Agitation
•  Concomitant medical

conditions
•  Stability of vital signs
•  Home safety
•  Care-giversupport
•  Availablity/ability of hospital

staff to manage psychotic
patients

Fig. 17.1 Management of acute PD psychosis
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doses of levodopa or from the introduction of a dopaminergic agonist, without 
significant changes in clozapine dose and without recurrence of psychiatric symp-
toms [88]. In PD psychosis, the effective dose of clozapine is relatively 
low—6.25–75 mg daily compared with 300–900 mg daily in adult patients with 
schizophrenia [87, 88]. One commonly used regimen is to begin clozapine at 
6.25 mg at bedtime and increase by the same amount every 4–7 days until psycho-
sis remits or side effects occur [81]. The biggest drawback to its use is the risk of 
agranulocytosis, which is idiosyncratic rather than dose dependent and requires 
close monitoring. The incidence of agranulocytosis was found to be 0.38% in a 
sample of 99,502 patients with schizophrenia [89]. White blood cell counts should 
be monitored weekly for the first 6  months. If the white blood cell counts are 
normal, the patient can be monitored every 2 weeks for an additional 6 months. 
Afterwards, the patient may qualify for every 4-week monitoring with physician 
authorization. Other side effects of clozapine include sedation, orthostatic hypo-
tension, confusion, and sialorrhea [88].

 Clozapine requires careful monitoring and is labor-intensive for 
the treating physician. However, clozapine is a remarkable drug, and can keep 
patients out of nursing homes. Delusions are especially responsive to clozapine.

Although open-label reports of quetiapine demonstrated improvements in PD 
psychosis, double-blind, placebo-controlled trials have failed to establish this. A 
review of several open-label reports of quetiapine revealed approximately 80% sub-
jective improvement of psychosis in PD patients, all with doses less than 100 mg per 
day [90]. Two rater-blinded studies suggested efficacy, one by lack of inferiority to 
clozapine [91] and the other by showing that clozapine had greater efficacy in 
reducing the frequency of hallucinations and delusions [92]. Three double-blind 
trials, however, did not show efficacy for psychosis [93–95] though all showed no 
change in motor function. The practice implication remains “possibly useful” for 
the treatment of psychosis in PD [84] though it is often initiated first due to its ease 
of use. Quetiapine doses used to treat PD psychosis are also relatively low, typically 
12.5 mg at bedtime, then increasing by 12.5 mg every 4–7 days until on 25 mg twice 
a day or 50 mg at night [81], but many physicians use up to 100–200 mg per night. 
Drawbacks of quetiapine include some reports of mild motor worsening [96], par-
ticularly among demented patients [90], and side effects including excessive seda-
tion, orthostasis, or confusion [96].

Pimavanserin, a selective serotonin 5-HT2A inverse agonist without dopaminer-
gic, adrenergic, histaminergic, or muscarinic affinity, is the first medication specifi-
cally developed for hallucinations and delusions associated with PD psychosis, and 
has been evaluated in two level I studies [97, 98]. The larger trial enrolled 199 par-
ticipants from 52 centers in North America with primary outcome measure of the 
PD-adapted scale for assessment of positive symptoms (SAPS-PD). Although the 
study did not provide safety data or evidence regarding durability of response 
beyond 6 weeks, it concluded pimavanserin was well tolerated and the drug “may 
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benefit patients with PD psychosis for whom few other treatment options exist” [98, 
99]. The other trial was a double-blind, randomized multicenter 28-day study of 60 
participants in which efficacy of antipsychotic response was measured by the SAPS 
total domain score, and only showed a trend [97]. The pimavanserin-treated patients 
showed significantly greater improvement in some (not all) measures of psychosis, 
including SAPS global measures of hallucinations and delusions, persecutory delu-
sions, and the UPDRS measure of delusions and hallucinations [97]. The FDA com-
pleted a review of all post-marketing reports of deaths and serious adverse events 
reported with the use of pimavanserin and did not identify any new or unexpected 
safety findings (2018) [100]. Thus, pimavanserin is considered clinically useful for 
the treatment of psychosis in PD in the recent MDS review [84]. Current dosing is 
34 mg once daily; a 10 mg tablet is also available.

Other atypical antipsychotics have shown even fewer promise for treating PD 
psychosis and importantly, increased motor side effects. Olanzapine was evaluated 
in a 4-week, double-blind, placebo-controlled, parallel group, fixed-dose trial (0, 
2.5, or 5 mg) in 23 PD patients with psychosis and found to be ineffective with 
motor worsening in many [101]. In two double-blind, placebo-controlled studies, 
low-dose olanzapine again did not significantly improve psychosis and worsened 
motor function [102, 103]. Two open label studies using aripiprazole had discourag-
ing results [104, 105], with one study demonstrating significant motor worsening. 
Two small prospective open label trials of ziprasidone showed improvement in psy-
chosis without motor compromise [106, 107]. In a series of four PD cases, one 
patient had an increase in off-periods and two patients developed pathological 
laughing [106]. In a review of these two trials and 11 case reports or series, Younce 
et al. [108] found ziprasidone to be generally effective for treatment of psychosis 
and with few adverse events reported, but there remain no randomized controlled 
trials or other blinded studies of ziprasidone. One double-blind study of risperidone 
versus clozapine showed similar improvement of psychosis to clozapine, but wors-
ened motor function with risperidone [109]. Furthermore, treatment of PD psycho-
sis is complicated by the “black box” warning by the FDA regarding increased risk 
of death in elderly, demented patients treated with antipsychotics, and there are 
reports of increased risk of pneumonia in patients with PD in nursing homes who 
are treated with inappropriate antipsychotics [110]. One study reported a 1.53-fold 
increased risk of ventricular arrhythmia and/or sudden cardiac death with antipsy-
chotic drug use [111], and as such a baseline electrocardiogram should be performed 
to ensure normal QTc interval.

Other medications have been used to treat PD psychosis with variable success. 
Several reports suggest that cholinesterase inhibitors might improve neuropsychi-
atric features and behavioral problems associated with PDD and DLB [112–115]. 
Based on data from a double-blind, placebo-controlled study of rivastigmine in 
PDD, rivastigmine was found to be mildly more effective in PD hallucinators 
compared to non-hallucinators, but did not significantly reduce the visual 
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hallucinations [14, 116]. While cholinesterase inhibitors may provide a treatment 
option for the management of psychosis in demented PD patients, these medica-
tions take longer to work and thus are not useful in acute psychosis, particularly 
in the emergency setting. At present, there is not enough evidence to suggest cho-
linesterase inhibitors for psychosis in non-demented PD patients. Electroconvulsive 
therapy, a treatment used for refractory depression with or without psychosis, has 
been found to be helpful in case reports of PD psychosis [117, 118]. While epide-
miological and clinical studies have implicated regular cannabis use as a risk fac-
tor for the development of psychosis, some evidence suggests that cannabidiol 
(CBD) can have beneficial effects on psychotic symptoms [119]. One open label 
4-week trial of CBD in six patients with PD psychosis showed a significant 
decrease in psychosis as measured by the Brief Psychiatric Rating Scale and the 
Parkinson Psychosis Questionnaire [120]. Overall, these other therapies for PD 
psychosis require additional study and rigorous evaluation before they can be 
definitively included in treatment algorithms.

 Follow-Up of Patient Vignettes

The patient in the first vignette was treated with ciprofloxacin for a presumed uri-
nary tract infection. Within 24 hours, his delirium cleared but vivid hallucinations 
and paranoia persisted. His amitriptyline was also discontinued, and subsequently 
his entacapone doses were reduced and discontinued. His psychosis slowly 
improved, and he was discharged from the psychiatric unit after 10 days. In this 
case, the acute presentation of somnolence and confusion were indicative of a 
“medical” explanation (i.e., urinary tract infection). The exacerbation of his psycho-
sis, however, occurred in the context of mild baseline hallucinations, advanced PD, 
and use of medications that could aggravate psychosis (i.e., amitriptyline, nighttime 
levodopa, and high doses of levodopa). Treatment of the underlying cause of his 
acute exacerbation of his psychosis and modifying his PD medication regimen led 
to a satisfactory outcome; in his case, antipsychotic medications were not needed, 
and his family was educated about recurrent urinary tract infections and psychosis 
exacerbations.

The second vignette illustrates a patient with delusions occurring in the context 
of long-standing PD with motor fluctuations. He did not exhibit features of delirium 
or dementia but had marked sleep fragmentation, which may have contributed to his 
psychosis. His psychosis had escalated to a dangerous point, and previous treatment 
with quetiapine had not been effective. This patient required admission to the psy-
chiatry unit where clozapine was started, and his carbidopa/levodopa dose reduced. 
Although his motor function was somewhat compromised on the lower levodopa 
dose, he had less dyskinesia and improved psychosis, although mild delusions per-
sisted. After several weeks of hospitalization and rehabilitation therapy, he was able 
to return home on a reduced dopaminergic medication regimen and a maintenance 
dose of clozapine.
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 Conclusion

Acute psychosis is one of the most common reasons for emergency department 
visits in PD patients. When evaluation is approached in a timely, stepwise fashion 
with close monitoring of the patient, psychosis in most PD patients can be effec-
tively managed and major morbidity can be avoided.
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Perioperative Emergencies Associated 
with Deep Brain Stimulation
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 Patient Vignettes

We present 11 illustrative cases of perioperative emergencies associated with deep 
brain stimulation (DBS) from our experience and one case drawn from the literature 
[1]. The data and discussion for this chapter are also drawn from several recent 
publications [2–12].

 Perioperative Emergencies

 Patient 1: Intraventricular Hemorrhage
A 73-year-old man with a 16-year history of Parkinson’s disease (PD) underwent 
unilateral subthalamic nucleus (STN) DBS. Following the procedure, he became 
somnolent, and a postoperative computed tomography (CT) scan revealed a hema-
toma in the left lateral ventricle (Fig. 18.1a). The hematoma involved the third ven-
tricle and the Sylvian aqueduct, and the patient developed acute obstructive 
hydrocephalus. He required an emergent ventriculostomy on the same day. The 
management issues mandated 1 week of bed rest postoperatively, during which he 
then developed a deep venous thrombosis, aspiration pneumonia, atrial fibrillation, 
a urinary tract infection and sepsis. The total hospitalization was 40 postoperative 
days. Following 8 months of rehabilitation and anticoagulant therapy, implantation 
of an implantable pulse generator (IPG) was scheduled.
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 Patient 2: Intracerebral Hemorrhage
A 63-year-old woman with PD underwent simultaneous bilateral STN 
DBS. Following microelectrode recordings (MERs) on the right side, the patient 
developed a mild left hemiparesis intraoperatively. The DBS system was implanted 
only in the left hemisphere with IPG implanted on the same day. Postoperative mag-
netic resonance imaging (MRI) scan revealed microbleeding in the right STN 
(Fig. 18.1b).

 Patient 3: Intraoperative Seizure
A 65-year-old man with PD underwent unilateral globus pallidus interna (GPi) 
DBS. Following MER macrostimulation to test the threshold levels of stimulation- 
induced side effects, it was noted that when the voltage was increased, a focal sei-
zure was precipitated in the right arm transforming into a complex generalized 
subtype. Propofol was intravenously administered immediately and the seizure was 
terminated. The DBS procedure was completed and the postoperative CT scan 
revealed no lesions and no intracranial hemorrhage. The patient recovered without 
any neurological deficit.

 Patient 4: Venous Infarct
A 67-year-old woman with PD underwent right STN DBS with good results; she 
requested contralateral stimulation. Six months after the right DBS implantation, a 
left STN DBS lead was implanted. She was discharged on postoperative day 1 after 
an uncomplicated hospital course, but that evening experienced word finding diffi-
culties and an altered level of consciousness. When these symptoms persisted 
through the following morning, her husband brought her to the emergency room. 
On examination, except for a significant but incomplete expressive aphasia and dis-
orientation, she was neurologically intact, including writing, repetition, and 

a b c

Fig. 18.1 Images of hemorrhagic complications. (a) A computed tomography (CT) scan shows 
left ventricular hemorrhage following the surgery (patient 1). (b) A T1-weighted image performed 
on the postoperative day 1 shows the microbleeding in the subthalamic nucleus (patient 2). (c) A 
CT scan image shows edematous lesion surrounding the left deep brain stimulation (DBS) lead 
with intracerebral hemorrhage (patient 4)
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comprehension. A CT scan of the head demonstrated edema and hemorrhage sur-
rounding the superficial aspect of the DBS lead (Fig. 18.1c). Her aphasia improved 
over the next several days, but some confusion persisted for several weeks. Her 
speech and cognition ultimately recovered completely, but she did report occasional 
slurring of her speech with fatigue.

 Patient 5: Neuroleptic Malignant Syndrome 
(Parkinsonism- Hyperpyrexia Syndrome) [1]
A 54-year-old man with a 14-year history of PD underwent STN DBS.  He was 
preoperatively treated with levodopa/carbidopa, entacapone and pramipexole, and 
all medications were discontinued 18 h prior to the procedure. DBS surgery was 
performed uneventfully; however, the patient developed tremor, muscle rigidity, and 
high fever 3  hours postoperatively. Laboratory investigation revealed extremely 
high creatinine kinase levels. The patient was intubated and admitted to the inten-
sive care unit (ICU). Although treatment with dantrolene, levodopa, and apomor-
phine was immediately initiated, the hospital stay was extended to 4 months.

 Patient 6: Myocardial Infarction
A 58-year-old male with PD underwent unilateral STN DBS placement. In addition 
to PD, his past medical history was significant for coronary artery disease (CAD) 
(previously treated with angioplasty), hypertension, diabetes mellitus (DM), and 
hyperlipidemia. An implantable pulse generator (IPG) was placed 4 weeks follow-
ing the DBS lead under general anesthesia. Following IPG implantation the patient 
died of a myocardial infarction in his sleep on postoperative day 1.

 Postoperative Emergencies

 Patient 7: Superficial Wound Infection
A 62-year-old PD patient underwent a right DBS surgery uneventfully; however, he 
complained of inflammation of the left subclavian incisional site 4  months later 
(Fig. 18.2). He was then prescribed topical antibiotics, but the symptom progressed 
and redness and superficial hemorrhage developed. He came to the clinic and under-
went an urgent wound revision without device explantation as the surgical site 
infection was superficial. The wound healed completely after wound revision.

 Patient 8: Deep Infection
A 43-year-old man with a 9-year history of PD underwent unilateral STN DBS. He 
arrived for a routine clinic appointment and staple removal on postoperative day 17. 
Following the staple removal purulent drainage from the cranial incision site was 
noted, and the pectoral incision site was tender and erythematous. He was admitted 
to the hospital urgently, and both the IPG and the extension wire were removed. A 
course of intravenous antibiotics was administered and completed prior to 
reimplantation.
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 Patient 9: Intracerebral Infection
A 71-year-old man with a history of medically refractory essential tremor (ET) 
underwent a unilateral thalamic DBS implantation. Four weeks following surgery, 
the patient presented to clinic complaining of headache and progressive dysphagia. 
An emergent head CT revealed a brain abscess along the DBS lead tract. An 
edematous lesion surrounding the DBS lead enhanced with contrast media on CT 
scan (Fig. 18.3). An emergent craniotomy and DBS lead removal was performed.

Fig. 18.2 Photograph of 
superficial wound infection

a b

Fig. 18.3 Computed tomography (CT) scan images of a brain abscess following DBS lead 
implantation. A CT scan image without contrast (left) revealed a low-density edematous lesion 
surrounding the DBS lead. The lesion enhanced with contrast media (right). (Adapted with per-
mission from Elsevier from Morishita et al. [2])
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 Patient 10: Lead Migration
A 40-year-old patient with DYT-1 dystonia underwent bilateral GPi DBS at age 
26 at another institution. He was brought to the emergency department after a 
generalized tonic-clonic seizure. The seizure subsided immediately with adminis-
tration of intravenous diazepam. The patient had no past medical history of epi-
lepsy prior to the visit. His past medical history was complicated by removal of 
the left DBS system at age 35 due to severe infection following an IPG replace-
ment. Although he underwent revision of the left DBS, his condition did not return 
to the same status as the first DBS surgery. A CT scan revealed that his bilateral 
DBS leads had migrated ventrally. We attributed his severe axial symptoms (head 
jerking) to migration of the DBS leads. The left electrode had completely migrated 
into the mesial temporal lobe, triggering his seizure. He therefore, underwent 
revision of the bilateral DBS leads in a staged fashion, and his dystonia symptoms 
improved (Fig. 18.4).

 Patient 11: Hardware Malfunction
A 71-year-old woman underwent a left-sided unilateral GPi DBS for PD and was 
discharged uneventfully. She fell in her home 2  months after surgery with head 
trauma at the site of extension cable behind her ear. She then felt sudden loss of 
benefit of DBS, as her on/off motor fluctuations became aggravated. The impedance 

a b c

d e f

Fig. 18.4 A ventrally migrated deep brain stimulation (DBS) lead is shown on the coronal (a) and 
axial CT (b, c) images and a skull X-ray (d). Two preoperative axial CT images (b, c) show the tips 
of left and right DBS leads, respectively. The left and right leads were replaced with a new lead in 
a staged fashion (e, f). (Adapted from [12])
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was extraordinarily high at all contacts, and an X-ray revealed that the cable was 
fractured. She underwent urgent replacement of the extension cable, which restored 
the benefits of the DBS (Fig. 18.5).

 Introduction

DBS has become an established procedure for movement and neuropsychiatric disor-
ders, and recent reports have revealed the efficacy of DBS for many indications [13–
17]. With the increased use of DBS, DBS-related problems have emerged as important 
problems for management. When an adverse event occurs, clinicians should consider 
the most probable diagnoses and develop an appropriate treatment plan. DBS-related 
issues manifest in unusual forms, and the differential diagnoses vary widely [2, 4, 18]. 
We therefore separate the possible scenarios into: (1) perioperative (intra- and early 
postoperative) and (2) postoperative (following 2–4 weeks) scenarios. With the 11 
clinical vignettes described above, we address how clinicians should appropriately 
detect and manage these “don’t miss” emergent/urgent issues in DBS patients.

 Perioperative Management

 Intracranial Hemorrhage

Clinicians should maintain a high index of suspicion for intracranial hemorrhage, as 
this complication has a high propensity to result in neurological deficits. Damage to 

a b

c

Fig. 18.5 Fractured lead shown on the skull X-ray (a), and intraoperative pictures (b, c). (Adapted 
from [12])
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blood vessels by MER and/or macrostimulation passes can result in intracranial 
hemorrhage. Several authors argue that MER, especially multi-track MER, increases 
the risk of intracranial hemorrhage, but this topic remains controversial [19, 20]. 
The incidence of hemorrhage ranges from 0% to 5.3% [1, 7, 12, 21–27]. In the 
operative setting, intracerebral (ICH) and intraventricular hemorrhage (IVH) are the 
most frequent forms of serious bleeding encountered. Hemorrhage may manifest as 
an epileptic seizure, altered mental status (patient 1) or hemiparesis (patient 2) [1, 
2]. When these symptoms emerge suddenly, clinicians should consider the possibil-
ity of ICH or IVH, and an immediate CT scan should be performed. Delay in iden-
tification and management of ICH may result in significant morbidity, and emergent 
care should be employed to prevent both primary and secondary complications. 
When an intracranial hemorrhage is diagnosed postoperatively, neurosurgical eval-
uation should be rapidly performed, preferably by the neurosurgeon who implanted 
the DBS system. Although most patients can be managed conservatively by opti-
mizing blood pressure and with rest and neurorehabilitation, when the ICH is large, 
causes mass effect, and/or obstructive hydrocephalus, neurosurgical management 
such as craniotomy or intraventricular drainage may be necessary (Table 18.1).

Table 18.1 Management of DBS-related emergencies

Issues Management
Intraoperative emergencies
Intracerebral 
hemorrhage

If the hemorrhage is very large or has symptomatic mass effect, an 
emergent craniotomy may need to be performed

Intraventricular 
hemorrhage

Ventriculostomy, if necessary, for obstructive hydrocephalus

Subdural hematoma Bur hole irrigation should be performed when the hematoma is 
symptomatic

Air embolus Wax edges of the bur hole, occlude the bur hole with gel foam and 
saline, lower patient’s head, jugular venous compression, administer 
oxygen

Dyskinetic storm Sedative agents may be administered in select cases. Reducing the 
dopaminergic medication may help. In some cases, ICU care is 
necessary

Epileptic seizure Sedative agents such as propofol or a benzodiazepine such as diazepam 
should be administered immediately

Early postoperative emergencies (<2–4 weeks)
Venous infarction Conservative supportive therapy is usually all that is necessary. An 

emergent craniotomy may be performed if hemorrhage is 
life-threatening

Myocardial infarction Do not ignore chest pain in a patient who has just had a subclavicular 
IPG placed. Immediate diagnosis by 12-lead electrocardiogram and 
laboratory investigation, and cardiology consult should be performed

Neuroleptic 
malignant syndrome

IV fluid and l-dopa should be administered immediately. If necessary 
nasogastric tube should be placed for patients with difficulty in oral 
intake. ICU care is necessary. Administering dantrolene is an option

(continued)
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Intraoperative bleeding in DBS surgery may present as a seizure, change 
in mental status or hemiparesis.

Intracranial hemorrhage may also result from venous infarction as shown in 
patient 4, and in this case the symptoms emerged in delayed fashion [3, 20]. Patients 
with venous infarction may present to the emergency room complaining of altered 
mental status or hemiparesis, typically a few hours to days following DBS surgery. 
Venous infarction is associated with damage to the cortical veins and to venous 
lakes, and the damage may result in venous stasis and/or venous hypertension. In 
severe cases, the impaired venous circulation may result in ICH. Therefore, careful 

Table 18.1 (continued)

Issues Management
Behavioral/cognitive 
issues

Identify and treat the underlying issues (e.g., UTI and pneumonia). 
Selective dopamine blockers (e.g., clozapine, quetiapine) may be used, 
but nonselective blockers should be avoided if possible. Use a 
one-to-one sitter to avoid secondary injury, e.g., from falling

Infection-UTI/
pneumonia

Hydration and appropriate antibiotics. Care should be taken to adjust 
PD medications as levels may be altered by antibiotics. Surgical 
debridement or removal of hardware as necessary

Postoperative emergencies (≥2–4 weeks)
Suicide ideation/
attempt

Admit the patient to the hospital for multi/interdisciplinary care, and 
treat underlying cause. May need both medication adjustment and 
programming. Check lead location

Severe depression Behavioral therapy, counseling, medication adjustment, and/or 
stimulation adjustment. Check lead location. Consider admission for 
multi/interdisciplinary management

Superficial wound 
infection
Infection-lead

Administration of antibiotics or surgical revision should be considered 
before development of deep infection
The lead should be removed and appropriate antibiotics should be 
administered

Infection-IPG The IPG and usually the extension cable should be removed and 
appropriate antibiotics should be administered

Lead migration Lead replacement, or surgical alteration of lead position
Lead fracture Lead replacement, if an appropriate candidate
Lead electrical short Lead replacement, or potentially reprogramming at a different contact
IPG malfunction IPG replacement, manage potential rebound symptoms
Accidental on/off Turn on the IPG. Educate the patient and the family so they can use on/

off devices
Symptom rebound 
(motor and/or 
non-motor)

DBS hardware workup including impedance check, battery check, 
X-ray study, and assess for tolerance

Intracranial cyst Steroids may be tried in mild cases but treatment usually requires 
removal of DBS lead

DBS deep brain stimulation, ICU intensive care unit, UTI urinary tract infection, PD Parkinson’s 
disease, IPG implantable pulse generator
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preoperative targeting utilizing a high-quality MRI (with contrast) to avoid superfi-
cial venous structures is helpful to prevent venous infarctions. Management of 
venous infarction is usually nonsurgical and includes optimizing venous return, 
appropriately managing blood pressure, and avoiding dehydration (see Table 18.1). 
A longer hospital stay following intracranial hemorrhage may result in secondary 
complications such as pneumonia and pulmonary embolism. Early initiation of 
rehabilitation may be useful to avoid secondary complications.

 Subdural Hematoma

The burr hole opening for DBS, though small, can lead to the development of a 
subdural hematoma (SDH). A SDH forms with the accumulation of blood products 
in the space between the surface of the brain and the dura. The incidence of SDH 
after DBS has been estimated at 0.08–4.2% of leads [11, 28]. During DBS lead 
placement a burr hole and dural opening are created and left open for up to several 
hours. The exit of cerebrospinal fluid and entry of air can enlarge the subdural space, 
and combined with sagging or shift of the brain can lead to stretching of bridging 
veins. This brain sag and stretching of bridging veins can be exacerbated by atrophy, 
a finding not uncommon in the older population that is typically seen with 
DBS.  Damage to bridging veins can lead to the development of a postoperative 
SDH.  Furthermore, in this older DBS age group many patients take antiplatelet 
agents for cardiovascular health. They are also at an increased risk of falls due to 
their movement disorder diagnoses, although in one recent series of four SDHs after 
DBS there was no associated fall or trauma [11].

Subdural hematomas can enlarge to the point of herniation and neurologic defi-
cits, brain damage, and death. An SDH in the setting of a patient with an implanted 
DBS lead presents a unique situation in that the operation to alleviate the pressure 
of the SDH (a straightforward burr hole or craniotomy) can lead to damage or 
removal of the DBS system, committing the patient to another procedure for reim-
plantation of the DBS lead if desired. Patients with chronic SDHs can undergo a 
simpler burr hole procedure to evacuate the blood products without sacrificing the 
lead. Care must be taken to avoid the DBS burr hole and locking mechanism, as well 
as the distal lead as it traverses the subgaleal plane toward the extension cable. 
Therefore, when a DBS patient presents with an SDH that needs surgical interven-
tion, the first question is whether it can be treated with burr holes. If it is an acute 
SDH that does not look amenable to burr holes, can the patient wait a few weeks 
until the clot liquefies? Finally, if a large craniotomy is necessary to remove the 
acute solid-phase blood products, or if the SDH has organized membranes, fashion-
ing a craniotomy that has a “plank” of bone that attaches the burr hole and locking 
mechanism to the rest of the patient’s skull may save the lead. Care must be taken 
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during the opening of larger scalp flaps that the lead, which can be scarred into the 
scalp flap, is not accidentally pulled or dislodged as the scalp flap is elevated. Some 
surgeons are concerned that with the removal of the SDH, the DBS lead will cause 
damage to the brain as it shifts back to its original position. In our experience, once 
the SDH has resolved, the DBS lead can regain efficacy and causes no new injury. 
There often is a significant delay (4–18 months) between the time of SDH evacua-
tion and achievement of clinical efficacy of the DBS system, so providers must be 
patient to allow this to happen before prematurely repositioning the lead in the 
belief that it is ineffective [11].

In summary, for a SDH, the well-being of the patient must always come first even 
if it means sacrificing the lead. However, there are many strategies that can be used 
to salvage the DBS lead and still achieve clinical DBS efficacy while taking care of 
the SDH. The informed neurosurgeon must navigate these decisions by not damag-
ing or removing the system whose implantation risks the patient has already 
endured.

 Air Embolus

Air embolus is a relatively common complication of neurosurgical procedures, and 
neurosurgeons are cautious when a craniotomy is performed especially in a sitting 
position. Clinicians should be aware that DBS surgeries may result in a venous air 
embolus, and recent studies have shown that the incidence of air embolus during 
DBS surgery may be as high as 1.3–4.7% [6, 12, 29]. Entrainment of air into the 
venous system through diploic veins when fashioning a burr hole is the usual mech-
anism. Even though the clinical course is commonly benign, this complication can 
result in termination of the procedure [29]. It is therefore important to preopera-
tively adjust the head position of the patient to keep them as close to supine as pos-
sible. Waxing the edges of the burr hole, avoiding cortical veins and dural venous 
structures, keeping the burr hole filled with saline or occluded with a gel foam (or 
other material) plug are other ways of preventing the entry of air into the 
venous system.

DBS-related air embolus may manifest differently than in other neurosurgical 
procedures, since in DBS the patient is commonly awake rather than under general 
anesthesia [6, 12, 29, 30]. If a patient develops tachycardia, oxygen desaturation, 
and/or cough, clinicians should consider the possibility of a venous air embolus. In 
a recent series, the use of an external Doppler device was shown to aid in detection 
of an air embolus during DBS, although cough was the best predictive sign [6]. 
When an air embolus occurs, care should be taken to lower the head position, wax 
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bone edges of the burr hole, vigorously irrigate the surgical field, and support the 
patient’s cardiopulmonary status (see Table 18.1).

The triad of tachycardia, oxygen desaturation, and cough suggest an air 
embolus.

 Dyskinetic Storm

Following MER and/or macrostimulation passes, immediate improvement of symp-
toms may be observed, and the improvement has been referred to as the “microle-
sion effect” or implantation effect. Microlesion effects have been considered to be a 
positive response, and may in some cases predict good prognosis [31–33]. 
Dyskinesias may be seen intraoperatively as a part of a microlesion effect in 
PD. Clinicians should be aware that intraoperative dyskinesia may develop into a 
severe situation referred to as “dyskinetic storm” [5, 32]. Dyskinetic storm may be 
an emergency as the head is usually fixed to the stereotactic frame during the opera-
tion. To secure the integrity of the head ring and to ensure the patient’s respiratory 
condition, this situation should be quickly corrected. Emergent administration of 
sedative agents (e.g., intravenous (IV) propofol) may be required to stabilize the 
situation (see Table 18.1). If a dyskinetic storm persists or begins after the opera-
tion, judicious withdrawal of dopaminergic medications and/or the monitored 
administration of propofol can be used to dampen the dyskinesias.

 Intraoperative Seizure

An intraoperative seizure can be induced by an intracranial hemorrhage, pneumo-
cephalus, and intraoperative electrical stimulation (micro- and macrostimulation) as 
shown in patient 3 [1]. As the patient’s head is fixed to the stereotactic frame, a 
generalized seizure may put the patient in a hazardous situation. When an intraop-
erative seizure is encountered, antiepileptics or sedative agents (e.g., IV propofol) 
should be immediately administered (see Table 18.1). Some authors recommend the 
use of IV lorazepam or thiopental in severe cases [1]. Intubation may be required in 
severe cases, although most cases are self-limited and can be managed conserva-
tively [1]. If the patient recovers to be alert following the seizure, the procedure may 
in select cases be continued if the neurological examination is normal.

 Neuroleptic Malignant Syndrome 
(Parkinsonism-Hyperpyrexia Syndrome)

Discontinuation of PD medications for DBS surgery may result in NMS, or more 
appropriately named parkinsonism-hyperpyrexia syndrome (PHS) as shown in 
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patient 5. PHS can occur as a postoperative emergency and is usually characterized 
by parkinsonism (rigidity, bradykinesia, and possibly tremor), fever, and in some 
cases rhabdomyolysis. PHS usually results either from exposure to dopamine block-
ers or from sudden withdrawal of dopamine (e.g., carbidopa/levodopa). It should be 
kept in mind that patients with PD usually undergo DBS in the off-medication con-
dition, to allow physiology to be recorded in the abnormal state. Therefore, they are 
at theoretical risk for PHS, although usually PHS occurs after more than 24 hours of 
medication withdrawal [34]. Abrupt cessation of levodopa or dopamine agonists 
should be avoided postoperatively, and therapy restarted even if a nasogastric feed-
ing tube is required. If PHS occurs, patients should be admitted to the ICU so that 
they can receive supportive care, fluids, and appropriate treatments. Administering 
dantrolene is an option [35]. PHS may innocently occur as postoperative hallucina-
tions and/or behavioral anomalies that may prompt the clinical team to follow a 
course of dopamine cessation. In other cases, physicians may have stopped oral 
medications following surgery and forgotten to restart them. If PHS is encountered, 
we advocate restarting dopaminergic therapy as an urgent course of action.

 Behavioral and Cognitive Problems

Behavioral and cognitive problems are often seen following DBS surgery, and the 
incidence of perioperative confusion and hallucinations were reported in a large 
single center study to be as high as 5.0% and 2.8% [18]. Early postoperative behav-
ioral/cognitive problems were usually temporary; however, in some cases they 
required emergent/urgent management. If left unaddressed these problems may 
result in secondary complications such as falls and traumatic injury. Risk factors for 
mental status changes following DBS include advanced age and/or preexisting neu-
rological compromise [36]. These issues are relatively common in the PD cohort 
[9]. The use of anticholinergics (including not only anti-parkinsonian medications 
but also medications for neurogenic bladder) can also be a risk factor, and discon-
tinuation of these medications may be required in high risk cases [37]. In addition, 
previous reports have shown that STN DBS has a higher incidence of postoperative 
mental status change than GPi DBS (although this is not an absolute distinction) 
[16, 38–40]. Therefore, all patients should have neuropsychological testing preop-
eratively and the risks should be fully discussed. Tailoring approaches may be help-
ful to address these potential issues in the preoperative setting [2, 41]. When the 
estimated risk of behavioral and cognitive problems is high, GPi DBS and/or staged 
unilateral DBS implantation may be preferable. If patients become restless or vio-
lent postoperatively due to hallucinations/delusions, administering selective dopa-
minergic blockers such as quetiapine or clozapine may be useful (see Table 18.1) 
[42]. Nonselective dopaminergic blockers that lead to drug-induced parkinsonism 
as well as other movement disorders (e.g., olanzapine, risperidone, and haloperidol) 
are contraindicated [34, 35].
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 Myocardial Infarction

Several studies reported cases of myocardial infarction (MI) following DBS surgery 
[1, 9]. Although DBS has been considered to be a safe procedure even for patients 
with cardiac problems [43], medical comorbidities such as CAD may increase the 
risk of postoperative MI as seen in patient 6 [2, 36]. Medication lists should be also 
checked because specific medications such as meperidine, MAO-B inhibitors, bro-
mocriptine, and tricyclic antidepressants (TCAs) may increase the risk of general 
anesthesia [44]. Although MI can be encountered following any surgical procedure 
under general anesthesia, clinicians should have a higher level of suspicion when a 
patient complains of chest pain following DBS so as not to confuse cardiac chest 
pain for postoperative chest pain. Chest pain is common in patients who have under-
gone DBS surgery as the battery packs (IPGs) are implanted in the chest wall in the 
majority of cases [9]. As MI is a life-threatening condition, the patient should be 
admitted to the ICU and a cardiology consultation should be performed (see 
Table 18.1).

 Chest pain in the postoperative period requires a rule out of myo-
cardial infarction.

 Postoperative Management

 Suicide Attempt and Ideation

Suicidal ideation should be treated as an emergency as mortality rate can be high if 
suicide is attempted. A meta-analysis revealed that approximately 52% of cases 
with suicidal ideation and/or attempts were reported to complete suicide following 
DBS (data from 1996 to 2005) [45]. The same study revealed that most of the 
patients with suicidal ideation and/or attempts had undergone DBS for PD, and a 
recent multicenter study of an STN/DBS/PD cohort revealed several important risk 
factors for suicide: preoperative history of impulse control disorders or compulsive 
medication use, postoperative depression, postoperative apathy, and being single 
[46]. Previous suicide attempts, younger age of the patient, and younger onset of PD 
were also shown to be risk factors for suicide attempts. In addition, there have been 
several reports of suicide in patients with dystonia who underwent DBS, therefore 
clinicians should be aware that this issue is not limited to PD [47–49]. Preoperative 
neuropsychological and psychiatric evaluation is therefore highly recommended as 
a preventative measure for all patients who undergo DBS surgery [36, 50].

Appleby reported the mean time difference between implantation and the develop-
ment of suicidality was 2.4 years, and other authors have reported even shorter dura-
tions [45]. Screening for suicidal ideation following DBS therefore should be routine, 
and if discovered, the issue should be treated as an emergency. Also of note is that 
stimulation of the limbic components of deep brain basal ganglia structures may result 
in acute depression [50–54]. Patients with suicide attempts and/or ideation should be 
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admitted to the hospital for multi/interdisciplinary care including cognitive behavioral 
therapy, counseling, and/or medication/stimulation adjustment(s) (see Table 18.1).

 Hardware Infection

Hardware-related infections are not rare in DBS. The incidence of infection and/or 
erosion following DBS surgery has been reported to range between 0% and 15.2% 
[1, 7, 12, 23, 55–61]. Even the most vigilant surgical technique cannot prevent all 
postoperative infectious complications. Although risk factors have not been clearly 
elucidated, medical comorbidities such as uncontrolled diabetes mellitus may 
increase the infection rate. Several authors have advocated the use of pre- and post-
operative prophylactic antibiotics; however, the efficacy has not been clear [59]. 
One recent study did however report a reduction in infection rate by locally inject-
ing anti-staphylococcal antibiotics (e.g., neomycin, polymyxin) directly into the 
operative wound [61]. Also, several studies showed the efficacy of intraoperative 
use of vancomycin in solution or powder form as an infection prophylaxis [62, 63].

The devices in an infectious scenario may require emergent removal, as shown in 
patients 8 and 9. Cultures should be sent anytime hardware is removed or a poten-
tially infectious IPG pocket is aspirated. Several factors merit consideration when 
managing a DBS infection (1) whether the infection is deep or superficial, (2) 
whether the brain lead is involved or not, and (3) whether there are single or multi-
ple sites of involvement [55]. Management of a hardware infection should be per-
formed in an attempt to minimize hardware removal. In superficial infection, 
surgical revision of the wound may be an option, and patient education is important 
so that the problem can be found by clinicians before development of a deep infec-
tion. Emergent hardware removal may be required in cases of deep infection; how-
ever, select cases with a superficial infection may be managed with administration 
of antibiotics. When the brain leads and/or multiple sites are involved, most clini-
cians remove all hardware including lead, extension, and IPG. However, in cases 
where only the IPG or extension cable appears infected, removing only the infected 
hardware in an attempt to preserve the brain lead is an option. In any cases with 
hardware removal following an infection, a course of 6–8 weeks of IV antibiotic 
therapy is required before device(s) reimplantation (see Table 18.1).

 Lead Migration

Lead migration can be seen in patients complaining of loss of efficacy of their DBS 
device(s), and this issue can be the result of a malfunction of the anchoring devices, 
skull growth, vigorous head movements, or rarely from compulsive manipulation of 
the IPG referred to as “Twiddler’s syndrome” [2, 4, 64, 65]. Yianni reported lead 
migration in 3 of 133 patients (2.3%), and all 3 underwent DBS for dystonia [64]. 
The authors hypothesized that axial movements contributed to lead migration, as 
seen in patient 10. When lead migration is noted, clinicians should be cautious as it 
may result in severe mood changes due to the spread of stimulation to other regions 

T. Morishita et al.



327

such as the amygdala [66]. Amygdala stimulation may also induce seizures as seen 
in patient 10 [12]. Skull growth in children is another cause of lead migration [2]. 
Twiddler’s syndrome may also result in dorsal lead migration [65]. This adverse 
event highlights the importance of obtaining and reviewing postoperative imaging. 
When lead migration is noted, changing the active contact (deeper or shallower 
depending on the direction of migration) should be attempted prior to surgical revi-
sion [10].

 Hardware Malfunction

When a DBS patient reports sudden loss of efficacy, the clinician should consider 
hardware malfunction [2, 4, 38]. Mechanical stress to the device may result in lead 
fracture, a break in the extension cable, or an IPG failure. A recent single center 
prospective study revealed that the incidence of hardware malfunction was 2.0% 
[8]. On the other hand, another study reported that 8 (6%) of 133 cases had lead 
fracture, and 7 of 8 broken electrodes in their cases were encountered in patients 
with ET [59]. They speculated that head tremor may have contributed to the adverse 
events [59]. Twiddler’s syndrome has also been reported to result in lead and/or 
extension cable fractures [8, 65, 67, 68]. Head and neck trauma may also result in 
lead and/or cable fracture (patient 11), and it is theorized this may occur more com-
monly in dystonia. Clinicians should be aware that DBS patients complaining of a 
fall are relatively commonly encountered in the emergency room [9]. When clini-
cians encounter situations predisposing the patient to a hardware malfunction, skull 
X-rays and/or CT scan should be performed (see Fig. 18.5).

To confirm the diagnosis, the impedance and current drain for each of the four 
lead contacts should be measured with the DBS programming/interrogation device. 
High impedance along with a low current drain is consistent with a lead fracture or 
with an extension cable break. On the other hand, low impedance with possible high 
current drain may indicate a short circuit. In short circuits, palpating the IPG or the 
extension cable tract may cause a shock-like sensation. When any contacts with 
normal impedances/current drain values exist, reprogramming should be attempted 
(see Table  18.1). A plain film X-ray also yields useful information to identify a 
fracture along the course of the lead or extension wire. When the location of the 
problem cannot be precisely identified, replacement of the extension wire and 
retesting impedances in the operative setting is recommended. This procedure may 
save the intracranial lead replacement in select cases [4].

 Accidental On/Off and Symptom Rebound

Clinicians should be aware that symptom rebound may include not only motor 
symptoms but also non-motor manifestations such as suicidal ideation (author 
observations) as well as severe depression. Several cases of severe symptom 
rebound following battery failure have been reported [69, 70]. The more beneficial 
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DBS proves for clinical symptoms, the more dramatic the rebound symptoms may 
be. Sudden worsening of symptoms should always prompt a battery status check 
by an experienced DBS programmer. If the device is on, hardware malfunction 
should be considered. The management includes checking impedances and current 
drain at each of the four DBS contacts and imaging studies as described above in 
the “Hardware Malfunction” section. If the device is off, resuming stimulation may 
be all that is necessary. When symptom rebound is seen following trauma, an X-ray 
film may be helpful to identify the cause such as DBS lead and/or extension cable 
fracture.

When the DBS device unpredictably turns off, the clinician must investigate 
potential environmental triggers (the device has a duty log to assist in documenting 
these occurrences). Exposure to magnetic forces (e.g., a magnetized ice freezer or 
store security devices) is the most commonly reported etiology [58]. Educating the 
patient to recheck the DBS device on a regular or semi-regular schedule may be 
useful. Additionally, documentation of daily activities and relevant environments 
that they frequent may help in identifying the source of the problem. Education is 
important so that the patients avoid strong magnetic fields, have their remote device 
with them at all times in order to recheck battery (on/off) status, and learn preven-
tion strategies for accidental on/offs (see Table 18.1).

 Aseptic Intraparenchymal Cyst

Intracranial cyst has been reported as a rare complication of DBS surgery for PD 
and ET [71–73]. The cyst gradually increases in size over months, and typically the 
patient visits the clinic or emergency department complaining of newly developed 
neurological symptoms such as dysarthria, gait disturbance, or hemiparesis. This 
complication has been considered to be due to autoimmune or inflammatory 
response to the DBS hardware, but the precise etiology remains unclear. Clinicians 
should examine the complete blood count (CBC), C-reactive protein (CRP), and 
cerebrospinal fluid (CSF) to rule out infectious etiologies. Treatment options include 
administration of steroids and intracranial lead explantation. In mild cases where 
the lead explantation is not necessary, higher intensity electrical stimulation may be 
required to control the symptoms of PD or ET.

 Conclusion

Patient screening and standardized procedures may prevent avoidable complica-
tions. Preoperative evaluation by a multidisciplinary team assesses the detailed risks 
in each patient, and the DBS procedure and the perioperative management should 
be tailored for individual needs. Tailoring the approach in selecting the optimal 
target (e.g., GPi or STN), procedure (e.g., staged or simultaneous implantation of 
DBS leads), and perioperative medication adjustment may help in avoiding unnec-
essary complications. Development of DBS technologies will likely lead to new 
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treatment options, but clinicians should remain vigilant that perioperative manage-
ment is vital for managing patient-specific risks.
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Startle Disorders

Christine M. Stahl

 Patient Vignette

As the consultant neurologist in the hospital, you are called to the neonatal ICU to 
examine a full-term infant with hypertonia and jitteriness. On examination, the 
baby’s tone is increased particularly in the axial muscles, and she is noted to have 
an exaggerated startle to noise and touch. She does not habituate to nose tapping and 
her Moro reflex is exaggerated and sustained. Otherwise, her neurologic examina-
tion is normal. The NICU team notes that the baby had a 30-second apneic spell 
after one particularly severe startle response, with prolonged body stiffening. After 
speaking with her parents, they report that she has an older brother who startles eas-
ily to sudden loud sounds. Based on her history and examination, you diagnose 
hyperekplexia and recommend starting clonazepam. Her exaggerated startle and 
increased tone improve significantly with the clonazepam and she is dis-
charged home.

 Introduction

The term “startle” describes a sudden, involuntary movement of the body in response 
to an unexpected stimulus. The startle reflex in humans is a normal physiologic 
symmetric flexor response present starting around 6 weeks of age and remaining for 
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life [1]. Conditions with an abnormal or exaggerated startle are collectively referred 
to as startle syndromes, and are a rare, heterogeneous group of disorders. The startle 
syndromes are categorized into three broad groups: (1) hyperekplexia, (2) stimulus- 
induced disorders, and (3) neuropsychiatric startle disorders [2]. While startle syn-
dromes are often relatively benign, medical emergencies can arise as complications 
from the abnormal startle. Most concerning is the increased morbidity and mortality 
from apneic episodes in patients with hyperekplexia, which can unfortunately lead 
to sudden death. Therefore, prompt recognition and treatment of this disorder is 
imperative. In this chapter, we review the normal human startle reflex and then pro-
vide an overview of the startle syndromes, with a particular focus on hyperekplexia 
given the movement disorder emergencies seen in this syndrome.

 Normal Startle Reflex

The startle reflex in humans is a normal physiologic response to an unexpected 
stimulus, usually auditory, but can also be to somatosensory or visual stimuli. The 
motor response is characterized by bilateral synchronous, shock-like movements 
usually involving rapid closure of the eyes, elevating the arms over the head, and 
flexion of the neck, trunk, and limbs [1, 3]. The initial study of this reflex dates back 
to 1926 when Jacobsen recorded the movement of normal individuals in response to 
auditory stimuli by connecting a string between the subject’s head and a drum [1, 4]. 
More recent and sophisticated neurophysiologic studies have since furthered our 
understanding of the normal startle reflex, particularly in response to auditory stim-
uli. It is now understood that the reflex is generated in the caudal brainstem, specifi-
cally the bulbopontine reticular formation. There is subsequent caudal and rostral 
propagation of the impulse with rapid activation of cranial nerve-innervated mus-
cles starting with the orbicularis oculi (at 20–50 msec) followed by activation of the 
sternocleidomastoid and masseter. Activation of the trunk and limbs can occur, but 
is more variable [1, 5, 6]. There is marked habituation of the startle reflex within one 
to five trials of auditory stimulation, though the blink reflex often remains [1, 7]. 
Additionally, the magnitude and latency of the startle is affected by the intensity of 
the stimulus, as well as the individual’s posture, focus, and emotional state at the 
time of the startle stimulus [1, 8].

 Startle Syndromes

As previously mentioned, the startle syndromes are a group of heterogeneous disor-
ders with abnormal or exaggerated startle responses. They are categorized into three 
main groups: (1) hyperekplexia, (2) stimulus-induced disorders, and (3) neuropsy-
chiatric startle disorders (Table 19.1). In the case of hyperekplexia the movement 
disorder is characterized by an excessive startle reflex. With stimulus-induced dis-
orders and neuropsychiatric startle disorders, there may or may not be an exagger-
ated startle; however, the startle triggers an additional abnormal response. 
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Complications of hyperekplexia include sudden death from apnea, and are a true 
movement disorder emergency. We will focus the remainder of this chapter on the 
recognition, diagnosis, and treatment of this disorder. However, we will first briefly 
mention the other two categories of startle syndromes.

 Stimulus-Induced Disorders

Stimulus-induced disorders show exaggerated responses to an unexpected stimulus. 
This diverse group is divided into non-epileptic disorders, such as paroxysmal kine-
sigenic dyskinesia, episodic ataxia, cataplexy, reflex myoclonus, stiff-person syn-
drome and epileptic disorders including startle epilepsy and progressive myoclonus 
epilepsy. Discussion of each of these disorders is beyond the scope of this chapter, 
but has been reviewed previously [2, 9].

 Neuropsychiatric Startle Disorders

Neuropsychiatric startle disorders are an interesting group of disorders character-
ized by a combination of neurologic and psychiatric symptoms, triggered by a star-
tling stimulus. These disorders often develop later in life and include culture-specific 
syndromes, startle-induced tics, functional startle syndromes, and anxiety syn-
dromes/post-traumatic stress disorder [2, 9]. The culture-specific syndromes are a 
particularly intriguing group with non-habituating exaggerated startle followed by 

Table 19.1 Startle syndromes

Hyperekplexia Startle-induced disorders
Neuropsychiatric startle 
disorders

Hereditary
   Genetic mutations: GLRA1, GLRB, 

SLC6A6
Sporadic
Symptomatic (acquired cerebral or 
brainstem damage/dysfunction)
   Brainstem infarct/hemorrhage or 

compression
   Cerebral palsy
   Encephalitis
   Multiple sclerosis
   Neurodegenerative:
    Creutzfeldt-Jakob disease
    Tay-Sachs disease
    GM2 gangliosidosis
   Paraneoplastic Syndrome:
    Anti-glycine receptor antibody
   Post-hypoxic or post-traumatic 

encephalopathy

Epileptic
   Startle epilepsy
   Progressive 

myoclonic epilepsy
Non-epileptic
   Paroxysmal 

kinesigenic dyskinesia
   Episodic ataxia
   Cataplexy
   Reflex myoclonus
   Stiff-person syndrome

Culture-specific 
syndromes
   Latah (Southeast 

Asia)
   Jumping Frenchmen 

of Maine
   Myriachit (Siberia)
Startle-induced tics
Functional startle 
syndromes
Anxiety syndrome/
PTSD
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variable behavioral responses including “forced obedience,” echolalia, echopraxia, 
and/or jumping, including entities such as Latah in Southeast Asia and the Jumping 
Frenchmen of Maine. Much less is known about Myriachit in Siberia. As the 
responses do not habituate, these individuals can be teased or tormented by repeated 
intentional startling [10].

 Hyperekplexia

Hyperekplexia, derived from two Greek words meaning “to startle excessively,” is a 
term used to describe a group of disorders where there is an abnormal excessive 
startle response and episodes of stiffness [2]. It was first reported in 1958 by Kirstein 
and Silverskjold in a Swedish family and later by Suhren et al. in 1966 when the 
term “hyperekplexia” was coined [11, 12].

 Etiology and Genetics
Hyperekplexia can be hereditary, sporadic, or symptomatic due to underlying brain-
stem or cerebral damage. In hereditary hyperekplexia, mutations occur in genes 
affecting glycine inhibitory neurotransmission in the brainstem and spinal cord, 
leading to hyperexcitability and abnormal startle response. At the moment, muta-
tions in three genes encoding proteins involved in structure of the glycine receptor 
or the functioning of glycine neurotransmission have been identified in individuals 
with hereditary hyperekplexia. The majority of cases of hereditary hyperekplexia 
(61–63%) are caused by mutations in the GLRA1 gene, which encodes the α1 sub-
unit of the glycine receptor. Defects in the β subunit of the glycine receptor caused 
by mutations in the GLRB gene account for 12% to 14% cases. Mutations in the 
SLC6A6 gene, encoding a unidirectional presynaptic glycine transporter accounts 
for 25% of cases for hyperekplexia. Most cases are autosomal recessive (85%), but 
autosomal dominant cases are also possible (15%). Diagnosis of hereditary hyper-
ekplexia merits genetic testing for all potentially affected individuals in the family.

In some cases of hyperekplexia, no genetic cause is identified. These cases are 
categorized as sporadic hyperekplexia. Clinically, sporadic hyperekplexia cases 
tend to manifest cardinal symptoms after the first month of life in contrast to 
genetically- confirmed hereditary hyperekplexia where symptoms are present at 
birth [13]. Cases of symptomatic hyperekplexia tend to manifest later in life and are 
not usually accompanied by the classic generalized stiffness seen in the hereditary 
and sporadic entities [2]. As symptomatic hyperekplexia is due to underlying brain-
stem or cerebral damage, there are often other associated neurologic signs and 
symptoms.

 Clinical Features
The core clinical features of hyperekplexia are an exaggerated non-habituating star-
tle reflex to unexpected stimuli and stiffness. The exaggerated startle is present from 
birth, and in contrast to the normal startle response, leads to a generalized stiffening 
in the affected individual for a period after the startle. This stiffness can cause the 
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startled person to fall “like a log” as voluntary movements are impaired during this 
period of stiffness, preventing their ability to break a fall with outstretched arms and 
increasing the risk of injury. Consciousness is preserved during the startle response 
and there are no subsequent tonic movements as seen with startle epilepsies. As the 
startle response in hyperekplexia is non-habituating even to minor stimuli, simple 
activities of daily life can be challenging to complete due to interruption by startle 
responses [2, 14].

In addition to the stiffness following a startle, neonates with hyperekplexia dem-
onstrate generalized stiffness immediately after birth which increases with han-
dling, producing a characteristic “stiff as a stick” position when being held. This 
generalized stiffness disappears in sleep. Severe attacks of stiffness can interfere 
with breathing and lead to apnea and cyanosis and in some extreme circumstances 
even sudden infant death. Fortunately, these tonic cyanotic attacks usually abate 
during infancy, but early diagnosis and treatment is critical in the neonatal period. 
Additionally, due to the increased intraabdominal pressure caused by the excessive 
stiffness there is increased frequency of inguinal, umbilical, hiatal hernias and con-
genital hip dislocations. Mild developmental delay is seen in some children with 
hyperekplexia, though they later catch up [2, 14].

Neonates with hyperekplexia are at increased risk for sudden death due 
to apnea.

Another characteristic of hyperekplexia is an exaggerated head-retraction reflex, 
which occurs in response to tactile stimulation of the tip of the nose, glabella, or 
upper lip, resulting in neck extension. In hyperekplexia, the response is exaggerated 
and non-habituating. Of note, the head-retraction reflex is not unique to hyperek-
plexia and has been reported in other disorders such as cerebral palsy [2, 14]. The 
generalized stiffness of hyperekplexia resolves within the first few years of life in 
contrast to the exaggerated startle and subsequent stiffness that persist into adult-
hood. Adults with hyperekplexia, however, tend to walk with a cautious, stiff- 
legged, mildly wide-based, but non-ataxic gait. Tone and deep tendon reflexes may 
be slightly increased, with flexor plantar responses [2, 14].

 Treatment/Management
The mainstay of pharmacologic treatment for hyperekplexia is clonazepam, which 
potentiates the inhibitory neurotransmitter GABA. Clonazepam has been shown in 
a small double-blind placebo-controlled study to effectively decrease the magnitude 
of the startle response [15]. Clonazepam dosing can vary, but suggested daily doses 
range from 0.5 mg up to 6 mg per day [9]. Other drugs including clobazam, vigaba-
trin, valproate, and carbamazepine have also been used in the treatment of hyperek-
plexia in case reports and open studies [15–17].

The exaggerated startle and subsequent prolonged stiffness can be ameliorated 
during an attack by forced flexion of the head and legs towards the trunk. This tech-
nique, termed the “Vigevano maneuver,” can be life-saving for neonates and infants 
during a tonic cyanotic attack. All families and health-care providers who provide 
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care for children affected by hyperekplexia should be taught how to employ this 
maneuver [18]. Not surprisingly, significant fear of falling can be seen in adults with 
hyperekplexia. Although not evaluated by randomized trials, physical and cognitive 
therapy can be considered to help increase confidence in walking and balance and 
subsequently improve gait [14].

The Vigevano maneuver, grabbing the head and legs and flexing both 
towards the trunk, can terminate an apneic episode in a hyperekplexic infant.

 Future Studies
While the Vigevano maneuver and clonazepam are effective in management of 
hyperekplexia, there is much interest in more targeted therapies for this disorder 
given the known involvement of dysfunctional glycine neurotransmission. Currently, 
there are several glycine receptor modulators under investigation, and these hold 
promise for treating hyperekplexia in the future [19]. Additionally, recent research 
has shown that the mutant glycine receptor in hyperekplexia disinhibits the brain-
stem by interacting with the GABA-A receptor and impairing its function. Thus, 
disruption of this interaction may be an additional potential therapeutic target for 
treatment [20].

 Conclusion

Startle disorders are a heterogeneous group of disorders unified by an abnormal or 
exaggerated startle response. Hyperekplexia, a rare, usually hereditary startle disor-
der, characterized by exaggerated startle and stiffness when unrecognized and 
untreated can result in sudden death from tonic apneic cyanotic attacks. This move-
ment disorder emergency can be managed with prompt recognition and treatment 
with clonazepam, and engaging the Vigevano maneuver during the attack.
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Pseudodystonic Emergencies

Jong-Min Kim and Beomseok Jeon

 Patient Vignettes

 Patient 1

A 6-year-old boy presented to the outpatient department for head tilt. Since the age 
of 2, a head tilt to the right side had been noted. When he was 4 years old, cervical 
spine imaging was performed, and a congenital laminar fusion on the right at the 
C2–3 vertebrae was found (Fig. 20.1). At age 6, a posterior in situ fusion of C2–3 
vertebrae with an iliac bone graft was performed. However, his head tilt was not 
relieved, and the patient was referred to a neurologist. On examination, he had a 
head tilt to the right side with painful contraction of the neck muscles. Manual rota-
tion of the neck to either side and attempts to straighten the neck caused severe pain. 
The images performed before and after the operation were reviewed. An enhancing 
lesion anterior to the atlas, axis, and C3 vertebra was discovered. It appeared to be 
an inflammatory lesion, whose exact etiology was not clear. Anti-inflammatory 
drugs and muscle relaxant were started. Painful contractions of the neck muscles 
were somewhat reduced, resulting in mild improvement in his head tilt. Still, future 
management remains a challenge.
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 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 previously healthy until 
progressive muscle spasms developed about a week prior to the visit. Examination 
revealed a retrocollic neck posture with inability to move the neck in any direction. 
She also had difficulty in opening her mouth due to trismus. She later recalled that 
she had suffered a minor scratch on her left shoulder about a week before develop-
ing her symptoms. Continuous trains of muscle firing were seen on electromyogra-
phy (EMG), and she was diagnosed with localized tetanus. High doses of diazepam 
relieved much of the pain and spasm. She improved gradually over the next 
3 months.

 Concept of Pseudodystonia

Dystonia is a syndrome of sustained muscle contractions, causing abnormal pos-
tures, with 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 dis-
eases in which dystonia is a prominent feature [2]. However, there are other dis-
eases, both neurological and non-neurological, in which sustained abnormal 
postures may be present that mimic dystonia. Fahn proposed the term “pseudodys-
tonia” to describe “disorders that can mimic torsion dystonia, but are not generally 
considered to be a true dystonia” [2]. Berlot et al. suggested a classification of pseu-
dodystonia based on its underlying pathophysiological mechanisms [3].

Fig. 20.1 Radiographic 
findings from patient 1. 
Three-dimensional 
reconstructed CT image 
demonstrates fusion of the 
right laminae at C2–3 
vertebrae (posterolateral 
aspect of cervical spine)
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Pseudodystonia includes stiff-person syndrome, Isaacs’ syndrome, Sandifer’s 
syndrome, atlanto-axial rotatory subluxation, tetanus, torticollis due to spinal cord 
astrocytoma, acute infectious torticollis, and other numerous conditions (Table 20.1). 
Musculoskeletal abnormalities of the spine (atlanto-axial subluxation in Down’s 
syndrome, congenital Klippel–Feil syndrome, juvenile rheumatoid arthritis), ocular 
muscular torticollis (compensatory posturing of the head for strabismus and diplo-
pia), syringomyelia, and Chiari malformation can induce torticollis, and are other 
examples of pseudodystonic conditions.

Stiff-person syndrome is characterized by progressive rigidity and muscle 
spasms affecting the axial and limb muscles [4–6]. Patients typically evidence 
marked lordosis, caused by axial rigidity. Symptoms may be confined to one limb 
or even present on one side of the body, mimicking limb dystonia or hemidystonia. 
Isaacs’ syndrome is a peripheral nerve hyperexcitability syndrome that presents 
with cramps, fasciculations, and myokymia [7–9]. Needle EMG reveals neuromyo-
tonic discharges, myokymic discharges, and abnormal spontaneous activity. 
Neuromyotonic and myokymic discharges are caused by ectopic discharges from 
motor axons. Isaacs’ syndrome is often associated with elevated voltage-gated 
potassium channel-complex antibodies. Myotonia is characterized by impaired 
relaxation of muscles after voluntary contraction or electrical stimulation due to 
repetitive depolarization of the muscle membrane [10–12]. In myotonic dystrophy, 
myotonia improves with repeated exercise and is worsened by exposure to cold. 
Myotonia congenita is an inherited disorder of muscle membrane hyperexcitability 
caused by reduced sarcolemmal chloride conductance. Multifocal motor neuropa-
thy was reported to present with prominent cramping resembling dystonia [13].

Table 20.1 Pseudodystonia

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

subluxation in Down syndrome, congenital Klippel–Feil syndrome, congenital muscular 
torticollis, juvenile rheumatoid arthritis, congenital laminar fusion, ligament absence, laxity, 
damage, syringomyelia, Chiari malformation, Dupuytren’s contracture, compensatory act 
for strabismus and diplopia)

5.  Atlanto-axial rotatory subluxation, spontaneous, or associated with trauma, juvenile 
rheumatoid arthritis, acute arthritis of high cervical spine, inflammatory head and neck 
process

6.  Tetanus, localized, cephalic, generalized
7.  Neoplastic torticollis (posterior fossa tumor, spinal cord astrocytoma)
8.  Infectious/inflammatory torticollis (infectious atlanto-axial rotatory fixation with or without 

subluxation (Grisel’s syndrome), nonspecific pharyngitis, tonsillitis or adenoiditis, 
retropharyngeal or tonsillar abscess, parotitis, mastoiditis or otitis media, cervical adenitis, 
acute rheumatic fever, syphilitic pharyngeal ulcer, influenza, acute encephalomyelitis with 
rigidity)

9.  Seizures manifesting as sustained twisting postures
10. Torticollis from arteriovenous fistula at craniocervical junction
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Children with Sandifer syndrome present with torticollis and gastro-esophageal 
reflux, where torticollis possibly provides relief from abdominal discomfort caused 
by gastro-esophageal reflux [14–17]. Satoyoshi syndrome is characterized by pain-
ful muscle spasms, alopecia, amenorrhea, malabsorption, and secondary skeletal 
abnormalities mimicking a skeletal dysplasia [18–21]. Muscle spasms produce 
abnormal posturing of the affected limbs and trunk muscles. Klippel-Feil syndrome 
is a congenital defect in the segmentation of the cervical spine, and the atlanto-
axial displacement may resemble cervical dystonia [22–24]. Congenital muscular 
torticollis is characterized by ipsilateral cervical lateral flexion and contralateral 
cervical rotation due to unilateral shortening of the sternocleidomastoid muscle 
[25–27]. Uziel et al. reported a 6-year-old girl with acute torticollis as the manifes-
tation of systemic onset juvenile rheumatoid arthritis [28]. Chiari malformations 
are characterized by descent of the cerebellar tonsils or vermis into the cervical 
spinal canal [29–32]. These malformations can be associated with hydrocepha-
lus, spina bifida, hydromyelia, syringomyelia, curvature of the spine (kyphosis and 
scoliosis) and tethered cord syndrome. Dupuytren’s contracture, characterized by 
fibrosis of the palmar and digital fascia, may lead to hand deformities in which 
fingers cannot be fully extended, resulting in a flexion deformity [33, 34]. Head tilt 
or head rotation may appear as a compensatory phenomenon preventing diplopia in 
patients with trochlear or abducens nerve palsy [35–39]. Bayrakci et al. reported a 
patient with an arteriovenous fistula at the craniocervical junction presenting with 
torticollis [40]. For the cause of torticollis, they suggested compression of the right 
accessory nerve, meningeal irritation by a bulging vascular structure, and change 
in blood supply of the pons and medulla affecting cranial nerve nuclei (vestibular 
nuclear complex).

 Pseudodystonic Emergencies

Some pseudodystonic disorders may present as emergencies. Atlanto-axial rotatory 
subluxation, tetanus, neoplastic torticollis, and infectious/inflammatory torticollis 
are pseudodystonic conditions requiring urgent workup and treatment (Table 20.2).

Table 20.2 Pseudodystonic emergencies

1.  Atlanto-axial rotatory subluxation, spontaneous, or associated with trauma, juvenile 
rheumatoid arthritis, acute arthritis of high cervical spine, inflammatory head and neck 
process

2. Tetanus: localized, cephalic, generalized
3. Neoplastic torticollis (posterior fossa tumor, spinal cord astrocytoma)
4.  Infectious/inflammatory torticollis (infectious atlanto-axial rotatory fixation with or without 

subluxation (Grisel’s syndrome), nonspecific pharyngitis, tonsillitis or adenoiditis, 
retropharyngeal or tonsillar abscess, parotitis, mastoiditis or otitis media, cervical adenitis, 
acute rheumatic fever, syphilitic pharyngeal ulcer, influenza, acute encephalomyelitis with 
rigidity)
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Atlanto-axial rotatory subluxation is a serious cause of torticollis in childhood 
[41–45]. Children are susceptible to this condition due to the degree of freedom of 
the atlas and axis and the laxity of their spinal ligaments. The trauma needed to 
produce atlanto-axial subluxation can be trivial, and the condition may occur spon-
taneously without trauma. The typical manifestations of atlanto-axial rotatory sub-
luxation are head tilt, contralateral head rotation, and mild neck flexion. The neck 
muscles appear loose. The spinous process of the axis may be palpable in the same 
direction as the head rotation. The patient may be unable to rotate the neck past 
midline. The consequence of missed atlanto-axial rotatory subluxation in children 
can be devastating. Early diagnosis can, however, produce complete recovery. Axial 
traction combined with rotation to the neutral position is the treatment of choice. If 
the diagnosis is delayed for more than a month, axial traction is not helpful and an 
operation for atlanto-axial fusion is necessary, with the consequence of limitation in 
range of motion of the neck.

Tetanus may affect a limb, the neck (localized), or the face (cephalic) or it may 
be generalized [46–50]. Generalized tetanus presents with pain or stiffness over the 
back or the neck, usually followed by trismus and autonomic disturbances. Cephalic 
or localized tetanus may be misdiagnosed as focal dystonia. Trismus mimics jaw 
dystonia. Fiorillo and Robinson reported a 10-year-old boy who developed continu-
ous painful spasm of the foot after an injury [46]. Initially, the diagnosis was 
delayed. He was eventually treated with tetanus immunoglobulin and antibiotics, 
although foot spasms continued for 4  months. You et  al. reported a 58-year-old 
woman who initially presented craniocervical tetanic spasms of unknown cause 
[47]. Two days after admission, she developed severe laryngospasm suddenly, 
requiring bedside emergency tracheostomy.

Spinal cord tumor may present as torticollis [51–54]. Shafrir and Kaufman 
reported a tragedy in an infant with congenital torticollis due to spinal cord astrocy-
toma [51]. Chiropractic manipulation prior to the correct diagnosis triggered a 
respiratory arrest and quadriplegia due to tumor necrosis. The authors suggest that 
all children with torticollis, even those with congenital torticollis, should have a 
radiological evaluation before any physical therapy is started.

The most common cause of an emergency presentation of torticollis is an infec-
tious or inflammatory process of the head or neck [55–62]. Torticollis may follow 
nonspecific pharyngitis, tonsillitis or adenoiditis, parotitis, mastoiditis or otitis 
media, acute rheumatic fever, or influenza. A soft tissue mass in the cervical area, 
such as a retropharyngeal or tonsillar abscess, may irritate neck muscles resulting in 
postures mimicking cervical dystonia. All children presenting with acute nontrau-
matic torticollis should be assumed to have an inflammatory process of the head or 
the neck. Initial management must include cervical immobilization. Computed 
tomography (CT) or magnetic resonance imaging (MRI) is necessary to delineate 
the atlanto-axial joint, as plain radiographs are insufficient. All patients with acute 
or persistent torticollis must be assumed to harbor an atlanto-axial rotatory sublux-
ation until proven otherwise.
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 Evaluation and Treatment of Pseudodystonic Emergencies

All patients presenting with acute torticollis should be assumed to have a traumatic 
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 physical mobiliza-
tion. CT or MRI 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 rotatory subluxation until proven other-
wise. By following these guidelines, and maintaining a high level of suspicion, 
patients presenting with pseudodystonia can be safely and effectively managed.

Acute torticollis: First, immobilize. Second, perform a neurologic exami-
nation and CT or MRI. Assume that the patient has an atlanto-axial rotatory sublux-
ation until proven otherwise. No chiropractic manipulation should be performed 
until everything is clear.

The diagnosis of tetanus is clinical. It requires a history of injury or wound and 
at least of one of the following signs: trismus (inability to open the mouth) or risus 
sardonicus (sustained facial muscle spasm) or painful muscular contractions. 
Tetanus may occur in patients who are unable to recall a specific injury or wound. 
Therefore, it is crucial to first think of tetanus even if there is no history. For treat-
ment, human tetanus immunoglobulin, also called tetanus antitoxin, should be 
administered by intramuscular injection or intravenously as soon as possible. To 
reduce toxin production, antibiotics are given; metronidazole, tetracyclines, mac-
rolides, clindamycin, cephalosporins, and chloramphenicol are effective. 
Benzodiazepines can be used to control muscle spasm. Airway and autonomic dys-
function, such as blood pressure and body temperature fluctuations, should be 
carefully managed.

First, suspect tetanus even with no history of injury or wound. Then, 
administer tetanus immunoglobulin and antibiotic. Keep an eye on airway and auto-
nomic dysfunction.
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Functional Movement Disorders
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 Patient Vignette

A 73-year-old female with depression, anxiety, and post-traumatic stress disorder 
had the acute onset of jerking movements of all four limbs immediately after receiv-
ing propofol anesthesia for an elective colonoscopy as surveillance for her rectal 
cancer. After the procedure was completed, on awakening she had further sudden 
onset “tonic clonic” jerking on attempting to stand. A Code Stroke was called and 
she was admitted to the medicine service, where stroke workup was negative. 
Although the diagnosis was unclear, it was felt to possibly be related to a medication 
effect of the propofol. She was discharged to inpatient rehabilitation, and through-
out her stay she had uncontrolled shaking of the arms and legs, which made walking 
very challenging even with a walker. She noted that as soon as she tried to bear 
weight the shaking would begin and she would have to sit down. This led to her 
being wheelchair-bound for roughly 5 months. She was treated with physical ther-
apy and occupational therapy and considerably improved, although she still experi-
enced episodes of shaking which could be worse variably in the arms, legs, or trunk. 
The severity of the shaking fluctuated during an episode, and her walking and bal-
ance were worse. Fatigue, stress, and cold temperatures tended to trigger the epi-
sodes, and lorazepam and going to bed seemed to help. She had no family history of 
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movement disorders or other neurological disorders. She was examined in outpa-
tient neurology 1 year and 2 months after symptom onset. There was evidence of 
multi-domain cognitive deficits, involving a vague history, frontal/executive dys-
function requiring frequent prompting and motor impersistence, low-frequency 
anomia, and reduced verbal fluency, scoring 22/30 on the Montreal Cognitive 
Assessment. There was inconsistent and variable leg shaking, which changed in 
semiology, with unusual jerking, involving the trunk/torso, arms, and legs with 
inconsistent and variable body part involvement triggered by reflex testing, tone 
testing, and various other parts of the examination. There was a clearly distractible 
bilateral postural tremor. There was highly variable dysmetria, with highly inconsis-
tent and variable tremor and stiffness, at times appearing perfectly accurate and 
others missing the examiner’s finger by a wide margin. There was unusual slowness, 
with ponderous and effortful hand and leg movements and clumsiness bilaterally, in 
sharp contrast to clearly normal spontaneous movements. Gait was markedly abnor-
mal and inconsistent. When walking into the visit, gait appeared normal; however 
when this was formally examined, she had substantial difficulty standing, owing to 
uncontrolled truncal jerking movements, involving the legs and trunk, which 
resolved when concentrating and greatly improved when jogging. Unusual flailing 
movements with Romberg testing, astasia abasia on tandem gait, and retropulsion 
on pull testing were markedly variable. There was diffuse give-way weakness in the 
lower extremities, with preserved underlying strength and highly variable proprio-
ception testing.

She was felt to have a functional movement disorder (FMD) with characteristic 
signs and a typical history with sudden onset of symptoms, rapid escalation with 
significant variability (and subsequent dramatic improvement, going from 
wheelchair- bound to being able to walk unaided with physical therapy), in addition 
to provocation with examination. She reported a considerable improvement with 
lorazepam, also consistent. This appeared to have been precipitated by her elective 
colonoscopy and occurred in the setting of depression, anxiety, and PTSD. However, 
she did have multi-domain cognitive deficits, involving predominantly frontal/exec-
utive dysfunction with concern for an underlying neurocognitive disorder. She was 
referred for rehabilitation therapy focusing on functional neurological disorder 
(FND) techniques and to the specialist FND Clinic. With therapy, self-guided cog-
nitive behavioral therapy, and work on her anxiety, her episodes greatly improved.

This case appropriately illustrates the complex features of mixed FMD in an 
older patient, who initially presented for emergent assessment and had been highly 
debilitated.

 Introduction

The appearance of a chapter on FMD, a subset of FND, in a text concerning move-
ment disorders emergencies may surprise some readers. Yet upon reflection it should 
not. Although specific data are lacking, FMDs may represent the most common 
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movement disorder emergency encountered by neurologists, as these patients fre-
quently present acutely, with an unclear diagnosis, often with dramatic, debilitating 
and uncontrolled movements, or involving painful spasms or crises.

FNDs represent a subgroup of disorders in which neurological symptoms such as 
gait difficulties, limb weakness, and abnormal movements are inconsistent over 
time and incongruent with the range of manifestations of organic neurological dis-
orders [1]. Although no brain or other central nervous system lesions account for the 
symptoms of FND, these disorders lie at the interface between neurology and psy-
chiatry [2] and constitute a core neuropsychiatric disorder [3]. FMDs account for up 
to 20% of movement disorder new patient visits [4–6] and psychogenic non- 
epileptic seizures/non-epileptic attacks (of which classification and differentiation 
from paroxysmal movement disorders are challenging), which represent 30–50% of 
all referrals to epilepsy monitoring units for evaluation [7] or emergency depart-
ments (ED) [8]. Overall, functional neurological disorders account for roughly 9% 
of all inpatient neurology admissions [6, 8]. Despite their common nature, FMD 
patients usually experience long delays in diagnosis, and even when a diagnosis is 
established, the divergent assessments and conflicting diagnoses can sow doubt in 
the patient’s mind and may result in delays in appropriate treatment [9]. A psychiat-
ric etiology is relevant in most cases, but the underlying pathophysiology is 
unknown. FMD and other FNDs are rarely associated with a factitious disorder or 
malingering, although this can be considered if compelling features suggest medical 
deception or feigning illness [10, 11].

 Functional movement disorders are inconsistent and incongruent.
Most neurologists can recall the experience of being urgently requested to con-

sult in one’s office or local emergency department (ED) on a patient who is eventu-
ally given the diagnosis of FND. Patients with FMD often present with unusual, 
rapidly escalating and debilitating symptoms, presenting for urgent or emergency 
assessment. Their frequent sudden-onset symptoms also lead to ED presentations, 
as the patient may fear a serious or potentially life-threatening process (such as a 
stroke or seizure) [12, 13]. Iatrogenic harm and misdiagnosis may also result in 
unnecessary procedures, including intubation (particularly in the setting of PNES), 
frequent prescription of controlled drugs (narcotics and benzodiazepines) for the 
treatment of pain [9], and also the increased propensity for debility, including falls 
(a common fallacy being that patients with FND do not fall). FMD may also occur 
in the setting of concerning medical illness, such as in the setting of COVID-19, 
which further complicates diagnosis [14–17].

The severity of FMD (which is frequently greater than those of their “organic” 
counterparts) [9] is not the only reason for a precise diagnosis. FMDs are more com-
mon in females but are not uncommon in males (with certain male phenotypes more 
likely such as functional gait or myoclonus [18]). They can be seen across the age 
range, from young children [19] to old age [20]. Indeed, in older individuals, where 
other neurological conditions such as stroke are far more likely, neurology consulta-
tion is frequent [13].
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It is important to note that the distress experienced by patients and their families 
can be equivalent to or exceed that of other emergent neurological conditions. The 
consequences of misdiagnosis and delay of treatment are no less severe [21, 22]. 
Importantly, FMDs represent a rare situation in neurology – a condition with poten-
tially effective treatments without side effects, and the possibility of a cure. Rapid 
recognition and institution of appropriate multidisciplinary treatment can help pre-
vent disability and other untoward repercussions [23]. During the course of this 
chapter, we will explore what is known about these conditions, focusing on infor-
mation to assist in the diagnosis and treatment in emergent situations.

 A Note on Terminology

Before beginning, we need to take a moment to clarify definitions. Throughout this 
chapter, we will use the term “functional” to describe movements that are without a 
clear structural etiology and believed to be of psychiatric origin, and hence exist in 
a grey area between psychiatry and neurology. There are a number of psychiatric 
diagnoses that fit these criteria, but the most well-known example is the previous 
term “conversion disorder” (by International Classification of Disease (ICD) 9th 
Edition [ICD-9-CM] coding) or the newer term “functional neurological symptom 
disorder” (since the updated 2015 ICD-10CM coding) [24]. Both of these formula-
tions are psychiatric diagnosis codes. Patients have neurological symptoms despite 
frequent psychiatric associations, and this duality has led to FMDs and FND being 
described as a “crisis” in neurology [4]. Dr. Mark Hallett expressed this elegantly: 
“Why do psychogenic movement disorders constitute a crisis? The nature of the 
crisis is that there are many patients, we don’t understand the pathophysiology, we 
often don’t know how to make the diagnosis, we don’t know how to treat the 
patients, the patients don’t want to hear that they have a psychiatric disorder and 
they go from doctor to doctor, psychiatrists don’t seem interested anyway, and the 
prognosis is terrible. Psychogenic movement disorders can look like virtually any 
movement disorder, from myoclonus to bradykinesia, but the etiology is thought to 
be psychiatric rather than organic” [4]. Although this crisis has improved somewhat 
over the years, sadly the situation still exists. A defining characteristic of FND is 
that the symptoms are not deliberately or consciously feigned, but occur outside of 
the patient’s awareness or subconscious. This is in contrast to malingering and facti-
tious disorder, where the movements are voluntarily produced [10, 11]. There has 
historically been concern from providers that patients with FND are feigning ill-
ness; however, this is very rare and should only be considered where fraudulent and 
willful secondary gain is identified [10, 11].

The label functional includes diagnoses that were previously considered “psy-
chogenic” [25], “non-organic” [26], “hysterical” [27], and “conversion” [28]. These 
terms are inaccurate and much less palatable to patients [29]. If patients are unhappy 
with a diagnostic term, they may not accept or engage with treatment, hence the 
“name issue” is important [29, 30]. FNDs represent disorders of brain function as 
opposed to structural lesions of the central nervous system (brain, spinal cord, nerve 
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roots, and peripheral nerves). From a symptom perspective, they may encompass 
much of psychosomatic illness presenting with neurological symptoms. There has 
been increasing research on the pathophysiology of FNDs, which are brain-based 
disorders, in essence, disorders of attention or self-agency [31]. Thus, classifying 
symptoms as “organic” or “non-organic” is a distinction that is difficult to justify 
based on our modern understanding of neurophysiology. Despite increasing interest 
in this very important area, understanding of mechanism is limited, including how 
they arise (both involving predisposing vulnerabilities and precipitating factors) or 
how they are perpetuated [32].

 Pathophysiology

In FMD, structural abnormalities are absent (i.e., imaging, laboratory testing, neu-
rophysiology [electromyography (EMG), electroencephalography (EEG), and 
evoked potentials] are normal). When the term “conversion disorder” was used, 
psychodynamic explanations focused on the transformation or “conversion” of 
unconscious psychic phenomena into somatic complaints [33]. An abnormality 
residing purely in the psyche (hence the reason why the term “psychogenic”) has 
fallen out of favor by many of the leaders in the field [31]. Recent literature has 
focused on the neurobiological substrates of functional motor disorders. Here, we 
must make a distinction between negative motor symptoms (e.g., weakness) and 
positive motor symptoms (e.g., tremor, dystonia, parkinsonism, dyskinesia, myoc-
lonus, and tics) [34]. While functional seizures (PNES) are within the spectrum of 
motor FND, a full investigation of these phenomena is outside the scope of this 
chapter.

Research on the pathophysiology of FND is advancing, with developing findings 
indicating an abnormal neurobiological basis and altered neural networks [31, 35]. 
Studies of the functional neuroanatomy of FND reveal increased amygdala reactiv-
ity and connectivity to premotor regions [36, 37], increased cingulo-insular con-
nectivity to motor/premotor regions [38, 39], impairments in self-agency perception 
involving the role of the right temporoparietal junction [40, 41], including a poten-
tial method of treatment using transcranial magnetic stimulation [42].

Theories to explain functional weakness have focused largely on functional 
imaging findings that support mechanisms limiting the generation of motor inten-
tion [43, 44] or impairing the execution of motor intentions [45, 46]. Studies have 
also suggested abnormal processing of sensory [47, 48] and cognitive information 
[49–52] in patients with these conditions. Further research into “positive” func-
tional motor disorders, mechanisms for abnormal limbic processing [28], as well as 
mechanisms to explain the interruption of conscious awareness [40] has been inves-
tigated. Studies have also assessed abnormal cerebral blood flow [35], including in 
patients with functional gait [53]. There is also a case report of two patients with 
abnormal dopamine transporter (DaT) scan uptake, despite clinically definite func-
tional parkinsonism and improvement of scans over time with improvement of their 
symptoms [54].
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A final note should be made about studies that have included subjects with vol-
untary production of symptoms as a comparator group to those with presumed func-
tional symptoms [40, 43, 46, 51]. Differences found on functional imaging provides 
support for differentiation of patients with consciously and unconsciously produced 
symptoms, and provides hope that a physiological test might be devised to help dif-
ferentiate these conditions in the future.

 Diagnosis

Accurate diagnosis of FMD is fundamentally important for treatment. Virtually 
all movement disorders seen by neurologists have a functional equivalent. Even 
movements very difficult to voluntarily reproduce like palatal tremor [55, 56] or 
eye movements mimicking opsoclonus (generally related to convergence spasm) 
have been documented as functional [57]. Physicians frequently fear making a 
diagnosis of a FMD given the concern that a misdiagnosis could irreparably dam-
age the physician–patient relationship or even lead to legal repercussions. 
However, the opposite should be equally concerning. The misdiagnosis of a func-
tional condition as “organic” can lead to significant iatrogenic harm through 
unnecessary treatments including medications, interventions, and surgeries [58, 
59]. Even with prompt and appropriate treatment, a cure is by no means certain. 
Failure to consider a functional etiology may lead to a significant delay in provid-
ing disease-altering treatment.

There have been several iterations of diagnostic criteria for FMD [60]. In 1988, 
Fahn and Williams produced the first official criteria, although these were only for 
functional dystonia [61], and included the diagnostic categories: documented, clini-
cally established, probable, and possible functional dystonia. For documented and 
clinically established FMD, incongruence or inconsistency of movements with clas-
sical organic dystonia were specifically highlighted to make a diagnosis [62]. 
Additional supportive criteria included functional neurological signs and symptoms, 
or “obvious psychiatric disturbance” [61]. Diagnostic criteria were revised in 1995, 
and documented and clinically established categories were combined as “clinically 
definite” FMD [63]. Clinically possible FMD involved “obvious emotional distur-
bance,” which is least reliable in diagnosing FMD [62, 63]. Shill and Gerber pro-
posed new diagnostic criteria for FMD, although they removed the necessity for 
incongruence/inconsistency, and “necessary and sufficient” core symptoms included 
pain, fatigue, exposure to a disease model, and potential for secondary gain; multiple 
somatizations and psychiatric disturbance were secondary [62]. Inconsistency and 
incongruence of the movement abnormalities are felt by many neurologists to be the 
most important factors required of an FMD diagnosis [62]. Gupta and Lang’s 2009 
criteria focused on clinically definite criteria and emphasized a laboratory-supported 
diagnosis while minimizing the importance of emotional disturbance and patient his-
tory [64]. A concern of the authors was that false positive diagnoses were sometimes 
related to patients presenting with an “organic” neurological disorder with associated 
psychiatric symptoms [62]. Typically, diagnostic certainty is graded on a scale of 
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possible, probable, and “clinically definite” (“documented” and “clinically estab-
lished”), as shown in Table 21.1 [61, 64].

FMD may have associated historical features [9, 65]; however, diagnosis is based 
on specific “rule-in” neurological examination features [66] which are inconsistent 
with an organic movement disorder [62, 67]. Most neurologists do not have access 
to electrophysiological laboratory testing to confirm a functional diagnosis [68]. 
Accelerometers have been found to be of value, but application in the outpatient 
setting [34] is challenging.

The diagnosis of FMD is beset with many challenges, even for the experienced 
neurologist. FMD may commonly be mistaken for “organic” movement disorders 
including essential tremor, Parkinson’s disease, and dystonia (which is, in the opin-
ion of the author and other expert neurologists, the most diagnostically challenging 
of the FMDs [69]). Genetic disorders presenting with rapid symptom onset or par-
oxysmal symptoms can be mistakenly diagnosed as FMD, for example, paroxysmal 
dystonia/dyskinesia [70, 71], potentially treatable metabolic movement disorders 
[72], rapid-onset dystonia-parkinsonism [73], and acute drug-induced and tardive 
dystonias [74]. Atypical presentations of common conditions, bizarre “organic” gait 
disorders, or an “organic” neurological disorder occurring in the setting of signifi-
cant psychiatric symptoms may be misconstrued as functional. In contrast, uncom-
mon presentations of FMD such a parkinsonism, tics, chorea, ataxia, or abnormal 
eye movements, in addition to extremes of age may be falsely diagnosed as “organic” 
[75]. FMDs not infrequently coexist with organic movement and neurological dis-
orders, such as Parkinson’s disease presenting with sometimes dramatic and rapidly 
progressive functional overlay (FMD co-occurs with Parkinson’s disease in 
1.4–7.5%), often affecting the adjacent body part [76]; or paroxysmal FMD/func-
tional seizures (psychogenic non-epileptic seizures) in the setting of epilepsy (20% 
of functional seizures also have symptomatic epilepsy) [77].

These challenges may be particularly prevalent in the emergency setting, where 
there is limited time available to take a thorough history, address concurrent psychi-
atric symptoms, comprehensively assess the patient and specifically look for func-
tional signs (particularly if the assessor does not have the necessary expertise to 
elucidate these) [12]. The general recommendation is that only a specialist with 
expertise in distinguishing FMDs should make the diagnosis [62]. However, in the 

Table 21.1 Diagnostic certainty for functional movement disorders

CLASS I: Clinically documented – persistently relieved by psychotherapy and/or other 
adjunctive therapies like suggestion or administration of placebo
CLASS II: Clinically established – physical exam and history consistent with functional 
movement disorder
CLASS III: Probable – inconsistent and incongruent movements but no other supporting 
features, consistent and congruent movements but other physical exam features supportive of 
functional etiology, consistent and congruent movements in a patient with multiple other known 
somatizations
CLASS IV: Possible – presence of psychiatric disturbance in the patient but no obvious signs or 
symptoms that clearly support a functional etiology

Adapted from Williams et al. [63]
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emergency setting, general neurologists or residents/trainees are the first to assess 
the patient [78]. Even when seeing a movement disorders specialist, diagnostic 
uncertainty is high, particularly in the most atypical and challenging cases [79, 80]. 
It is important to note that the first impression a patient with FMD has with a neu-
rologist is crucial, as the power of an accurate FMD diagnosis exerts a dramatic 
impact on disease trajectory. In addition, misdiagnoses and diagnostic delays fre-
quently lead to unnecessary investigations [9], increased healthcare costs [1], iatro-
genic harm, and poor prognosis [59, 81].

The FMD diagnosis must be made by a neurologist, as a psychiatrist is not quali-
fied to differentiate “organic” from functional movement disorders. Fortunately, 
recent studies reveal that when physicians make the diagnosis, they tend to be cor-
rect. Stone performed a meta-analysis of reports in the literature since 1965 and 
found that only about 4% of patients reported after 1970 were misdiagnosed as 
functional [82]. Unfortunately, there are no data evaluating the frequency of neu-
rologists initially diagnosing a patient with an “organic” movement disorder and 
then revising their diagnosis to functional.

Once a neurological diagnosis of FMD has been established, the psychiatrist 
helps to manage the comorbid psychiatric symptoms, as part of an integrated, mul-
tidisciplinary approach [83]. A psychiatrist can also put the symptoms into a larger 
context, including the frequent co-occurrence of somatoform disorders such as 
somatization disorder and evaluate other comorbid psychiatric disorders, including 
anxiety (most common), mood, psychotic (rarely associated), and personality disor-
ders [1, 2]. Emergent psychiatric symptoms such as suicidality and psychosis should 
be assessed during the evaluation and may be very important. The presence of these 
symptoms, or any indication that the patient might be a danger to self or others, 
requires urgent psychiatric evaluation, and psychiatric assessment and management 
should occur concurrently with neurological assessment and diagnosis. Need for 
psychotherapy, including cognitive behavioral therapy, can also be directed by psy-
chiatry [3].

A concern among neurologists is that patients with FMD may actually be malin-
gering or have factitious disorder [10, 11]. Ultimately the diagnosis of malingering/
factious disorder is challenging, as patients with these diagnoses frequently present 
to the ED, signs are the same as that of FMD (although purposely feigned, as 
opposed to subconscious), neurologists are not well trained and patients may be in 
a psychological state of “self-deception” and the presence of symptoms is directly 
associated with secondary gain [11]. Although outside of the scope of this chapter, 
clues to malingering include a history of fabrication or lying in the past, marked 
inconsistency between patient historical reports to different providers, and patient 
avoidance of relevant investigations [10] as outlined in detail by Bass and Wade [84].

As appropriate diagnosis of FMD is vital in the treatment pathway, as this may 
avoid unnecessary harm and suffering from incorrect diagnosis. We therefore turn 
to specific historical and “rule in” clinical-examination-based clues to aid the neu-
rologist in making the correct diagnosis [66, 67].
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 General Diagnostic Features of FMD

The FMD diagnosis is not a “diagnosis of exclusion,” but instead is based on a 
mixture of positive and negative findings, as applies to any other medical condi-
tion. Table  21.2 lists a number of general features in the history and physical 
examination that might make one consider a functional diagnosis, and Table 21.3 

Table 21.2 General clinical clues to functional movement disorders

Historical features
Abrupt onset of maximal symptom severity
Static, non-progressive course
Spontaneous remissions/recurrences
Inconsistent symptoms with “organic” neurological disorders
Psychiatric symptoms (caution, may also be present in “organic” disorders)
Physical precipitating event (injury [often trivial], procedure, surgery, drug side effect) or 
emotionally traumatizing experience
Atypical triggers
Paroxysmal movement disorder with onset above age 21
Association with somatizations and functional somatic disorders (fibromyalgia, irritable bowel 
syndrome, chronic fatigue, etc.)
Employed in allied health professions (extreme caution, possible imprinting)
May co-occur with “organic” neurological disorders
General examination features
Movements inconsistent with those seen in “organic” disorders
   Variable frequency, amplitude, phenomenology (direction/distribution)
   Distractibility – movement reduces/resolves with concurrent distraction maneuvers 

(contralateral finger tapping in time with examiner, Luria sequencing), cognitive distraction 
(serial sevens, other tasks requiring significant concentration) or when patient not being 
directly observed

   Provocation with examination or attention directed at the affected body part
   Entrainment of abnormal movement (particularly tremor but can also occur with myoclonus/

jerks and also other movements)
Movements incongruous with “organic” movement disorders
   Frequent mixed/combined movement disorder (multiple semiologies), which is rare in 

movement disorders in general
   Paroxysmal episodes precipitated by examination, startle, or suggestibility
   Suggestibility (movements come on after applying a tuning fork, with reflex testing, or 

startle)
   Specific abnormal movements suggestive of FMD (fixed dystonia at onset, bizarre gait with 

astasia abasia, facial spasms moving from one side of the face to the other, convergence 
spasm)

   Delayed/excessive startle, such as after reflex testing
   Associated unusual speech disorder, such as stuttering speech, or verbal gibberish 

(particularly when provoked by examining speech specifically)
Other “rule in” non-movement functional neurological signs
   Give-way collapsing weakness
   Non-anatomic sensory loss (midline splitting, “tuning fork” test)
   “Tubular” visual field loss
Disability out of proportion to objective examination findings
Excessive fatigue or exhaustion

Adapted from Gupta and Lang. [64]
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lists features of interest in specific FMD phenotypes. None of these signs or 
symptoms are sufficient in themselves for a diagnosis, and unfortunately there is 
no definitive sign that indicates functional disease. It is therefore important to 
gather as much information as possible from history and physical examination, 
both supporting functional disease and ruling out other potential causes, before 
making a diagnosis. Simply noting that one has never seen a patient with a certain 

Table 21.3 Clinical clues to specific functional movement disorder subtypes

Tremor
   Entrainment
   Reduction, pauses, or disappearance with 

distraction
   Absence of finger tremors (when they would 

otherwise be expected)
   Increase in tremor with inertial loading
   Clear action tremor with normal spontaneous 

movements, without tremor
   Consistent amplitude at rest, posture, or action

Parkinsonism
   Tremor equally present at rest, posture, 

and action
   Lack of re-emergent tremor
   Distraction, concentration, and walking 

do not activate resting tremor
   Oppositional paratonia, without rigidity
   Unusual, ponderous bradykinesia, which 

may appear effortful (no decrement)
   No improvement in arm swing with 

jogging/running
   Normal dopamine transporter (DaT) scan

Dystonia
   Fixed posture at onset
   Lower extremity onset in an adult
   Tonic facial movements alternating from one 

side to the other
   Other features see Fig. 21.1

Tics
   No history of childhood tics
   Lack of rostrocaudal motor tic 

distribution
   Lack of, or unusual premonitory urge
   Very distractible but not suppressible
   Frequently associated with other FMD
   Rarely respond to typical tic-suppressing 

medications
Gait
   Knee buckling
   Uneconomical and maladaptive movements 

with standard gait
   Consistently falls always away from examiner 

or away from harm
   Zigzag gait or constant scissoring with each 

step
   Astasia abasia with tandem gait
   Improvement and change in the gait with dual 

tasking (finger snapping, cognitive distraction, 
etc.)

   Improvement walking in squatting position
   Inconsistent and unusual Romberg and 

retropulsion pull testing

Weakness
   Collapsing/give-way weakness
   Hoover’s sign
   “Dragging” monoplegic gait
   Dropping plegic arm always avoids 

striking self
   Ipsilateral Sternocleidomastoid weakness
   Inability to move affect limb once placed 

into a posture
   Abductor sign

Myoclonus/jerks
   Often axial jerks of the trunk, hips, and knees 

of the trunk, hips, and knees
   Precipitated by reflex testing

Paroxysmal
   Episodes highly variable in semiology 

and duration
   Episodes provoked by examination
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symptom is not sufficient for a diagnosis, nor is noting a single sign (such as give-
way/collapsing weakness) and basing one’s entire diagnosis on that sign. An illus-
tration of this latter concept is a study by Gould in 1986 [85]. They assessed 30 
patients following an acute structural lesion to the CNS (25/30 with an acute 
stroke) and evaluated seven historical and physical signs typically associated with 
functional disease (i.e., history of hypochondriasis, secondary gain, la belle indif-
ference, non-anatomic sensory loss, pain or vibration splitting the midline, chang-
ing boundaries of hypoalgesia, give-way weakness). They found that all patients 
had at least one of these findings; one patient had all seven, with an average of 
more than three signs and symptoms. Despite this fact, none of these patients were 
misdiagnosed as FND, as there were other associated features on history and 
examination leading away from an entirely functional etiology (although the 
above study does suggest that the patients assessed likely had some degree of 
functional overlay). It therefore behooves the clinician to assess the entire history, 
examination, and results of investigations to save making a premature FND diag-
nosis and to be cautious when data suggesting a functional cause are limited, 
particularly in the case of trainees who lack the breadth of neurological experi-
ence of rare and unusual phenomenologies [78].

 Function movement disorder is not a diagnosis of exclusion.
General features of an FND include a sudden onset of maximal symptom inten-

sity, with rapid symptom progression and a subsequent static course [10]. There is 
also a frequent association with a physical precipitating event, such as an injury 
(often trivial/innocuous), surgery or procedure (injection, lumbar puncture, etc.) 
but also sudden emotional traumatizing experience (death of a relative or friend, 
abuse, loss of a job or sudden financial hardship), or a reminder of such events 
[86]. As a note of caution, peripheral trauma can result in a variety of “organic” 
movement disorders, in addition to FMDs [87–89]. Spontaneous, iatrogenic, or 
life-event- related remissions are also very rare in “organic” movement disorders 
(almost exclusively dystonias, such as cervical dystonia or blepharospasm [90]); 
however, a substantially fluctuating course, sometimes with periods of complete 
symptomatic resolution, is relatively common in FMD [65]. In addition, while the 
presence of a family history of movement disorders is usually supportive of 
“organic” movement disorders, there are very rare cases of familial clustering of 
FMD [91].

The most common FMDs in the largest clinical case series are tremor, followed 
by dystonia, myoclonus, gait disorder, parkinsonism, tics, and other less frequent 
forms [75]. A fundamental clinical feature of FMDs is that they are inconsistent 
with their corresponding “organic” movement disorder (age of onset, disease course, 
etc.), such as rapid-onset parkinsonism occurring in a young patient (rare in idio-
pathic Parkinson’s disease or other forms of parkinsonism), often with multiple 
different movement disorders phenomenologies and without clear signs of an 
“organic” disorder (such as should generally be abundantly clear in disorders such 
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as rapid-onset dystonia-parkinsonism [92]). There is also marked variability in phe-
nomenology (for instance, tremors which start out with wrist flexion/extension and 
change to wrist abduction/adduction), frequency (at times low frequency then at 
others high frequency), amplitude (markedly varying amplitude from minimal to 
dramatically large), and duration (occurring continuously, then in trains or with 
inexplicably and variable gaps between movement disorders). There can be atypical 
triggers, or unusual relieving maneuvers, particularly in the case of paroxysmal 
FMDs [70]. There is also a co-occurrence with other functional symptoms/FMDs 
[93], such as an unusual speech disorder (stuttering speech or verbal gibberish [par-
ticularly when provoked by formally examining speech]), give-way weakness, non- 
anatomic sensory loss (such as midline splitting, or when applying a tuning fork 
across the contiguous frontal bone, differential sensation on either side), or “tubu-
lar” visual field loss (similar size of field loss close up or far away, defying physical 
laws) [94]. There can also be an association with somatizations and functional 
somatic disorders (fibromyalgia/chronic unexplained pain, chronic fatigue, func-
tional gastrointestinal disorders) [95]. The abnormal movements may be suggest-
ible, increasing with attention (such as when examining the applicable body part), 
or resolve with distraction/concentration (unusual with “organic” movement disor-
der), or when the patient does not feel that they are being observed (which can also 
be seen in factitious disorder) [11]. Stress and anxiety frequently increase both 
functional and “organic” movements. There can also be a placebo or atypical 
response to medication (e.g., instantaneous dramatic resolution of a paroxysmal 
episode with lorazepam, or inappropriate and inconsistent worsening with other 
medication trials). There is also the added complication of FMD in patients with 
“organic” motor disorders, such as Parkinson’s disease [76], multiple sclerosis [96], 
or stroke [97]. Indeed, those with comorbid “organic” neurological disorders may 
be older, more likely to have psychiatric symptoms and often have a longer time to 
FMD diagnosis in comparison to “pure” FMDs [97].

Although history taking in an emergent setting will be necessarily truncated, 
patients with FMD have many complaints. A very useful framework for conducting 
a FND history is described by Stone and colleagues [93]. They recommend to “drain 
the symptoms dry,” an approach which may not be possible in the ED, which allows 
the patient to unburden themselves quickly of all their symptoms. This gives a broad 
picture early on (and may prevent new symptoms appearing later) and at least the 
assessor should document the neurological review of systems [93]. Such a “pan-
positive” review of symptoms in itself may be a “red flag” [98], although there is 
disagreement as to whether this can distinguish patients with FND [98, 99]. It is also 
important to ask about disability, as this will give an early indication as to severity 
of the movements [93]. As described above, it is important for the ED assessor to 
inquire regarding symptom onset (often sudden) and course (static vs. progressive), 
to ask about dissociation (patients feeling not in control of their movements or 
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episodes where they have reduced awareness and are overwhelmed) [93]. It is also 
important to gauge what happened with previous doctors (if this is the first assess-
ment), as this can help build rapport, understanding what treatments may not be 
acceptable [93]. Clinicians should ask about emotional symptoms and any per-
ceived correlation with the movements with care. This will invariably require time 
if done appropriately; time spent early making the diagnosis clear and unequivocal 
(if possible) can potentially spare the patient from not accepting the diagnosis and 
ultimately reduce disease duration. Following a detailed history, the next step is to 
look specifically for “rule in” clinical examination features of FMD [6]. We discuss 
these in detail according to individual FMD phenotype.

 Functional Tremor
Functional tremor is the most common FMD phenotype [100] representing more 
than 10% of tremor referrals to movement disorders clinics [101]. Functional tremor 
may often suddenly present after traumatic events [101]. The clinical presentation 
of functional tremor may be variable. Symptoms can be intermittent or continuous, 
and affect a single body part, multiple limbs, or even the entire body [101]. There 
are frequent phenomenological differences and inconsistencies with “organic” 
tremor. A fundamental quality of an “organic” tremor is the consistency of core 
phenomenology, whereas FT may change in character (rest, postural, kinetic), vari-
ability (changing frequency, amplitude, and direction of movement of the tremor) 
and increasing with attention, such as with examination or when the body part is 
examined. Unlike a parkinsonian tremor or essential tremor, the tremor is often 
intermittent (occurring in episodes), irregular, and inconsistent. Functional tremor 
may decrease with distraction or suggestion; however, this requires distraction tasks 
of sufficient difficulty. In some cases, even mildly distracting tasks (such as finger 
tapping or doing other large movements) can be sufficient; however, in more diffi-
cult to distract functional tremors, this requires a greater degree of distraction cause 
such as performing Luria sequencing or random sequential finger movements in 
time with the examiner. If there is a superimposed functional/psychogenic slowness 
of movement on the contralateral side, this may limit the ability of the task to pro-
duce the desired effect. Another diagnostic sign frequently present in functional 
tremor is entrainment, where the frequency of the tremor adopts that of the fre-
quency of active contralateral movements. Other clues such as absence of finger, 
voice, or facial tremor [101], constant amplitude with changes from rest to posture 
to action, failure of the tremor to attenuate when the limb is weighted, and excessive 
exhaustion when tremor is activated during examination have also been described 
[63, 100, 102–104].

Physiological testing can provide valuable assistance in making the diagnosis 
[103, 105]. Measures of the regularity, frequency, and amplitude of the tremor as 
well as entrainment, distraction, weighting, or co-activation (underlying 
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antagonistic muscle activation whenever the tremor is present) may aid in diagnosis 
[101]. Unfortunately, neurophysiological or kinematic assessment is only available 
clinically in a small number of clinical centers.

 Functional Dystonia
Despite being the second most common FMD (~30%) after functional tremor, this 
is among the most challenging FMD diagnostically [65, 69]. Frucht and colleagues 
have produced a comprehensive survey of functional dystonia (FD), which provides 
invaluable guidance to the examining practitioner [65]. One of the reasons why 
functional dystonia is so difficult to diagnose clinically is that the usual techniques 
to diagnose FMD (distractibility and entrainment) are frequently absent. In the set-
ting of fixed dystonia, they are often completely absent [65]. In addition, if fixed 
posturing is sustained for long enough, patients may develop secondary contrac-
tures, which can further limit assessment and mimic “organic” dystonia [106]. To 
help guide diagnosis, a risk prediction algorithm designed to increase the examin-
er’s index of suspicion of functional dystonia has been produced [9], where sudden 
resolution/recurrence or abrupt onset are more indicative of functional dystonia. 
Functional dystonia also has a poorer outcome than other functional motor disor-
ders [60, 69], and the presence of chronic pain or chronic regional pain syndrome is 
particularly associated with a poor outcome [107].

Making the diagnosis of functional dystonia is difficult and ideally requires a 
movement disorder specialist [62, 65]. The reason for this lies in the nature of dys-
tonia itself. Dystonia, at least primary dystonia, could be considered a “functional” 
disorder in the traditional sense, as it is a disease without evidence of a structural 
lesion on pathology or imaging, related instead to an abnormal motor program [65]. 
All dystonia was believed to be functional for this very reason up until the mid- 
twentieth century. Factors such as the geste antagoniste (a phenomenon where sen-
sory stimulation on a specific area of the body can reduce or alleviate the dystonic 
symptoms) and the presence of a “null point” (where the symptoms seem to resolve 
when the affected body part is placed in a specific posture) appeared to some to sup-
port its characterization as functional [108]. However, the pendulum swung in the 
opposite direction and many believed that all dystonia was “organic.” In the 1980s, 
it became clear that although most cases of dystonia are “organic,” a subset could 
only be understood as a clear FMD [61, 109, 110].

Given this history, we should not be surprised that the diagnosis of functional 
dystonia can be difficult, particularly if one is not familiar with the usual phenom-
enology of dystonia [65]. Incongruent twisting movements occurring along multi-
ple axes, symptoms beginning with a fixed posture (something that usually only 
occurs later in patients with “organic” dystonia), and symptoms beginning in the 
lower limbs in an adult [65] are often functional. Typical features of functional dys-
tonia include rapid onset (sudden or over a few days), female sex, a minor precipi-
tating event, resting dystonia at onset, no overflow dystonia, pain/hyperesthesia 
(may fulfill criteria for chronic regional pain syndrome type I [CRPS-I]), immediate 
dramatic responses to placebo, and poor response to botulinum toxin injections 
[65]. There are multiple functional dystonia subtypes and diagnostic features of the 
main subtypes are shown in Fig. 21.1.
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Functional cranial dystonia (functional facial spasm, functional blepharospasm, 
oromandibular/tongue) is characterized by lower facial involvement which may be 
asymmetric, and is often paroxysmal. Semiology may involve tonic spasms, with 
brief periods of normal facial muscle activity, fixed posturing, unilateral or bilateral 
tonic lip pulling, associated speech difficulties [65, 111] and may mimic hemifacial 
spasm [112]. Mobile functional dystonia frequently affects the lower limbs (but 
may involve any body part); however, in “organic” dystonia, adult leg dystonia is 

Fig. 21.1 Clinical features of functional dystonia subtypes. (Adapted from Frucht et al. [65])
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uncommon in patients over age 30 and typically affects children [11, 65, 113, 114]. 
Secondary foot dystonia may occur in Parkinson’s disease, particularly in young- 
onset cases [115]. Typical semiology of limb dystonia includes foot inversion with 
plantar flexion and curling of toes and metacarpal and/or interphalangeal flexion 
(with a predilection for the ring/little fingers) [65]. If the neck is involved, this typi-
cally involves tonic posturing with ipsilateral shoulder elevation and prominent 
pain. Functional dystonia may have bizarre, or atypical sensory tricks (geste antago-
niste) [116].

Fixed postures add an additional layer of diagnostic complication. When the 
diagnosis of functional dystonia is suspected, it may be useful to have the patients 
evaluated under anesthesia. Even if the condition might be functional, patients are 
still at risk for developing contractures [106]. If the clinician suspects a contracture, 
exam under anesthesia is critical prior to initiation of treatment, since contractures 
will not improve with standard treatment of functional symptoms [9]. Further, for 
some patients, knowledge that the fixed posture can be eliminated under anesthesia 
can have an important therapeutic benefit [117].

Paroxysmal functional dystonia/dyskinesia tends to occur in mid-adulthood, in 
contrast to “organic” paroxysmal dyskinesia/dystonia which generally occurs in 
childhood or adolescence [118–120]. Therefore, individuals presenting with parox-
ysmal dystonia/dyskinesia above age 21 suggests a functional etiology, in the appro-
priate context. In addition, while “organic” paroxysmal dyskinesia/dystonia are 
very rare, they are common in FMDs and functional dystonia [65]. Paroxysmal 
functional dystonia is the most common paroxysmal FMD, with paroxysmal events 
often comprising more than one form of FMD [70]. The semiology involves sudden 
episodes of abnormal postures, resembling dystonia, involving any body region [65, 
121]. These episodes can be difficult to differentiate from PNES and have variable 
and inconsistent semiology with widely fluctuating duration, as opposed to being 
stereotyped in their “organic” counterparts [65, 70]. Episodes may have highly 
unusual and inconsistent triggers, as opposed to the typical triggers (alcohol, coffee, 
exercise, fever, etc.) seen in “organic” paroxysmal movement disorders [70, 121]. 
There are some data suggesting that the prognosis for patients with paroxysmal 
functional dystonia may be better than other functional dystonia phenotypes [70].

Physiological testing in functional dystonia has been limited as adjunctive neu-
rophysiological testing does not reliably differentiate functional from “organic” 
dystonia [65]. Espay and colleagues [122] assessed cortical and spinal inhibitory 
circuits in 10 patients with functional dystonia, 8 with “organic” dystonia, and 12 
healthy controls. They found no differences in either functional or organic patients, 
despite clear differences compared to controls. However, three small studies have 
shown some potential promise for physiological testing. One revealed abnormal 
brain plasticity in “organic” patients but not functional patients [123]. Another 
found more synchronous EMG changes between arm muscles and higher signal-to- 
noise ratios in “organic” dystonia compared to a single functional dystonia patient 
[124]. A third revealed an abnormal blink reflex on EMG testing in patients with 
“organic” blepharospasm (i.e., eyelid dystonia) vs. those with presumed functional 
disease [125]. Although all three of these studies were small, if replicated on a 
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larger scale they might indicate a way for physiologic testing to assist in making the 
diagnosis.

 Functional Gait Disorder
Functional gait disorder is another common form of FMD and frequently coexists 
with FMDs (functional tremor, dystonia, parkinsonism, tics), although it can be 
seen in isolation [126]. By their nature, functional disorders affecting gait and bal-
ance are frequently abrupt in onset, quickly and significantly disabling, frequently 
requiring walking aids and may result in patients being wheelchair-bound. For this 
reason, they are a particularly common cause for ED referral and assessment, as 
they result in patients being unable to walk safely, requiring rehabilitation, home 
services, or social support [1]. Furthermore, there is a misconception that patients 
with functional gait never fall or injure themselves. However, this can certainly hap-
pen (particularly in older FMD patients, for a variety of reasons) and highlights both 
the seriousness of this form of FMD, and that such accidents represent another 
reason why these patients may present to the ED.

 Patients with functional gait disorders can fall and injure 
themselves.

There are essentially two different forms of functional gait disorder: functional 
gait in the setting of other FMD or functional weakness, or rarer those with purely 
a functional gait without other functional motor symptoms [127]. Hence, the pres-
ence of other functional features makes gait difficulties more likely to be functional. 
A cornerstone of assessment is that the features of a functional gait are inconsistent 
with other common “organic” causes of gait disorder [126]. Common examples 
include uneconomical and maladaptive movements, significant fluctuation of 
impairment, excessive effort with “huffing and puffing” (low sensitivity) [128], 
hesitation (a phenomenon like freezing that does not improve after the first step), 
unusual scissoring (such as scissoring with every step inconsistent with a spastic 
gait), patients complaining of poor balance or falls yet displaying evidence of pre-
served balance control, astasia-abasia with tandem gait, improvement and change in 
gait with dual tasking (finger snapping or tapping the thigh, cognitive distraction 
tasks such as serial sevens), or paradoxical ability to dance [129].

This may also be associated with common abnormal and inconsistent examina-
tion maneuvers used to assess gait and balance. There may be a functional Romberg 
sign, with exaggerated sway even with feet apart and substantially worse with eyes 
closed, improvement with distraction, consistently falling toward or away from the 
examiner regardless of the examiner’s position, or large amplitude swaying building 
up after a latency [129]. There may be similarly uneconomical and exaggerated 
movement with retropulsion on pull testing, sometimes in contrast to a relatively 
stable appearing gait. Patients may also inexplicably be able to normally push them-
selves on a chair normally, despite substantial gait difficulties, which are at odds 
with what is seen in “organic” gait disorders, where they have difficulties with the 
chair and when walking [130].

Common distinct phenotypes of functional gait disorder include [127]:
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 1. “Walking-on-ice”  – narrow-based with arms held out and oscillation from 
side to side

 2. Foot dragging gait – in the setting of unilateral functional leg weakness, where 
in contrast to hemiparesis (when typically, the affected leg will circumduct) the 
leg is frequently internally rotated and dragged behind the patient

 3. Knee buckling gait – knee bending or collapsing, which may begin as soon as the 
patient walks or after some distance, increasing fall risk resulting in injury

 4. Leg tremor – involving the standing leg, with a delay in initiating swing phase on 
the non-weight-bearing leg and where walking faster may stop the movement

 5. Functional slowness – moving in “slow motion” with movements unusually slow 
and stiff, sometimes in sharp contrast to normal leg agility and toe tapping

In a large series of functional gait disorder patients, excessive slowness of move-
ment was found to be more common in patients with a functional gait disorder, 
while knee buckling was the most common pure functional gait disorder, followed 
by astasia-abasia [131]. In another case series, dystonia was the most common FMD 
interfering with gait, followed by tremor and myoclonus [128]. In addition, Daum 
and colleagues sought to assess the sensitivity and specificity of typical signs elic-
ited in functional gait disorders, which were very specific but often quite insensitive. 
Leg dragging gait and psychogenic Romberg were reliable signs, sudden knee buck-
ling was suggestive, and other signs required interpretation with caution (robotic 
gait, walking on ice, flailing arms, and sudden side steps) [66, 67].

Functional gait disorder should be contrasted with a cautious gait, fear of falling, 
or “post-fall syndrome” [132]. In older patients who have had a severe and injurious 
fall or recurrent falls, fear of falling is very common and may be incapacitating, 
rendering people wheelchair-bound [133]. There may be an overlap, with functional 
gait disorder sometimes resulting from such fear of falling. Similarly, there can be 
substantial gait difficulties in patients with perceptual disturbances without a move-
ment disorder, including sensory ataxia, decreased visual acuity, vestibular dysfunc-
tion, or pure oscillopsia (where patients with downbeat nystagmus may have 
considerable gait difficulties) [134], or pain causing an antalgic gait [135]. There are 
other specific examination signs seen in “organic” gait disorders in a useful review 
by Nonnekes and colleagues [135].

 Functional Myoclonus/Jerks
Functional myoclonus or jerks are the third most common FMD [136]. The typical 
age of onset is middle age [137] and unusually for FMD, tends to affect men more 
than women [138]. Onset is generally sudden, often after minor physical trauma or 
psychiatric disturbance, generally with a static course [136]. Jerks can involve any 
part of the body, although more typically involve axial jerks, with non-rhythmic 
flexion jerks of the trunk, hips, or knees. Movements are inconsistent with “organic” 
myoclonus, where asynchronous and non-rhythmic jerks are highly variable in 
amplitude and frequency and more commonly present when supine [136, 139]. 
Functional jerks may also commonly be precipitated by reflex testing and may be 
quite easily distractible with cognitive tasks (reciting the months of the year 
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backwards or serial sevens), sometimes causing sudden resolution or entrainment 
[136, 139]. In comparison, “organic” myoclonus often begins slowly (other than 
Lance- Adams posthypoxic myoclonus), has a consistent phenomenology, may be 
focal, segmental, axial, or generalized, may be stimulus-sensitive and may improve 
with clonazepam, levetiracetam, or zonisamide [136]. It can be difficult to distin-
guish functional myoclonus from propriospinal myoclonus (a rare disorder with 
flexor jerks involving the trunk, hips, and knees), which is felt to be generated at the 
spinal cord level from propriospinal pathways, often with abnormal spinal imaging 
(in secondary cases) and a characteristic appearance on electromyography (EMG) 
[139]. Neurophysiology can be a useful tool to differentiate these disorders but is 
not available in the emergency setting. EMG findings in idiopathic propriospinal 
myoclonus reveal a fixed muscle activation pattern, slow conduction velocity 
(<15 m/s), burst duration of 1000 ms, and synchronous activation of agonist and 
antagonist muscles [140]. These features are not present in functional jerks/myoc-
lonus  – instead, jerk-locked electroencephalography (EEG)-EMG reveals a 
Bereitschaftspotential preceding the jerk, in keeping with motor preparatory activ-
ity [139]. Other abnormal hyperkinetic movements including tics or chorea should 
also be ruled out before assigning a diagnosis of functional myoclonus [136].

 Functional Parkinsonism
Functional parkinsonism is a rare FMD phenotype (1.5–7% of FMD patients) and 
along with functional dystonia, one of the most challenging FMDs to diagnose. In 
sharp contrast to typical Parkinson’s disease (PD), mean age of onset is in the 40s 
[141]. Frequently, diagnosis is delayed, and in a case series only 25% received a 
diagnosis at their initial visit [142]. The presence of a negative DaT scan can be 
useful in the diagnosis [143] but does not discriminate other mimics of PD. Abrupt 
onset of maximal symptom severity is common, often involving tremor [141]. This 
sudden onset and frequent association with other movement disorders may lead to 
various investigations in search of an esoteric cause of parkinsonism, including 
genetic (rapid-onset dystonia-parkinsonism [92]), autoimmune, or paraneoplastic 
disease [144, 145].

Tremor in functional parkinsonism tends to involve the dominant hand, is unusual 
and inconsistent often of equal severity at rest, posture, and action (without the 
pause with arms outstretched of a re-emergent parkinsonian resting tremor [146]). 
In contrast, typical PD tremor increases with attention, distraction/concentration, 
and walking [141, 147]. In functional parkinsonism the distractibility may be subtle, 
requiring complex motor (Luria sequencing, complicated alternating finger move-
ment, or rhythmic tapping) or cognitive tasks (serial sevens, complicated calcula-
tions) to produce brief pauses in tremor in the most persistent cases. Tremor can be 
variable in frequency and distribution (pronation/supination or wrist flexion/exten-
sion) and may sometimes spread to the contralateral limb if the affected limb is held 
in place, often without a finger tremor [101]. In addition, there is no true rigidity, 
instead oppositional paratonia with active resistance to passive movement and a 
tendency to decrease with augmentation/facilitation maneuvers (in contrast to 
increasing or unmasking rigidity with reinforcement in true parkinsonism) [141, 
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147]. When assessing for bradykinesia, labored, ponderous, effortful slowness often 
has a fixed reduction in amplitude which does not change, and at odds with normal 
velocity spontaneous movements [141, 147]. Speech can be unusual, quiet or a mute 
whisper with other functional features such as stuttering. Gait may be slow and stiff 
or shuffling but does not generally have freezing; while there is frequently decreased 
arm swing, this does not improve with jogging or running as seen in PD [141]. 
There can also be an exaggerated retropulsion on pull testing, sometimes with dra-
matic flailing arms and instability even with a slight pull, rolling back on the heels 
when performing this test (effectively turning the test into a “trust fall”). There may 
be astasia-abasia with tandem gait, similar to other functional gait disorders 
described above. If there is concurrent significant depression, there may also be true 
hypomimia [148]. Patients may have a pronounced placebo response to interven-
tions, such as complete resolution after a single tablet of levodopa, or conversely no 
response at all to levodopa [147]. There may also be a dramatic placebo effect (or 
no effect) with other interventions, such as deep brain stimulation [149, 150] and 
transcranial magnetic stimulation [151]. Given these complexities, movement dis-
orders experts should make the diagnosis of functional parkinsonism.

As a note of caution, FNDs may occur in 1.4–7% of PD patients [76, 147, 152]. 
Wissel and colleagues in a case series of 53 PD-FND described several important 
features of PD associated with FND (PD-FND) [76]. PD-FND was frequently asso-
ciated with psychiatric symptoms including anxiety and depression, with stressful 
events, a higher prevalence of somatoform disorders and tended to have higher 
healthcare utilization [76]. Patients were predominantly female (68%), had a longer 
delay to PD diagnosis, and FND symptoms were abrupt in onset in 55%. FND pre-
ceded or co-occurred with PD onset in 34% and almost always involved the symp-
tomatic side of their PD symptoms [76]. Patients had multiple functional phenotypes 
in 60%, gait disorder (40%), tremor (40%), functional overlay of parkinsonism 
(21%), dystonia (15%), speech impairment (11%), myoclonus (6%), and more fre-
quently had dyskinesias (41.9% in PD-FND vs 17.9% in PD) [76]. Functional 
symptoms generally remained static (55%) and PD-FND patients had significantly 
higher levodopa doses than standard PD (972 ± 701 vs. 741 ± 559 mg daily) [76].

Aside from tremor analysis, the only physiological tests that have been used in 
this disorder are F-DOPA PET [153] and SPECT DaT scans [143, 154–156] to look 
for evidence of decreased activity of the dopamine system. The assumption is that 
functional parkinsonism should not have decreased dopamine activity, while 
“organic” parkinsonism should. Criticisms have arisen both from reports of some 
patients with presumed parkinsonism who do not have abnormal scans (i.e., symp-
toms without evidence of dopaminergic deficit [SWEDDs]) [157] and from a report 
from Schneider and colleagues of two patients with abnormal scans but with clini-
cally documented functional parkinsonism, with scans reverting to normal with an 
improvement in symptoms or time [54]. PD and FND can co-exist, further leading 
to diagnostic uncertainty.
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 Functional Tics
Tic disorders are considered “unvoluntary” movements, as they are within the range 
of volitional control and can be suppressed and it is not unsurprising that functional 
tics are often very difficult to differentiate from “organic” tic disorders [136]. This 
is made even more difficult as these two conditions share traits and may overlap, as 
is present in other “organic” movement disorders [158, 159]. In addition, an exacer-
bation of tics typically occurs suddenly and may trigger an ED assessment, particu-
larly in children with neuropsychiatric symptoms as seen in the controversial 
diagnosis of pediatric autoimmune neuropsychiatric disorder associated with strep-
tococcal infections (PANDAS) [160]. Uncontrolled movements and vocalizations 
occurring suddenly in adults can also prompt emergency assessment [161, 162]. In 
addition to increases in other FMDs during COVID-19, there has been a notable 
increase in both “organic” and functional tics [16].

Patients with tic disorders invariably have a history of tics in childhood [163], 
generally with onset below age 10, are more common in males, typically have a 
family history of tics, and are rarely sudden in onset [164]. In Tourette’s syndrome 
and other tic disorders, a rostrocaudal motor tic distribution involves the face, move-
ments and vocalizations are commonly associated with a premonitory urge, and tics 
can usually be briefly suppressed. Attention deficit with hyperactivity or obsessive- 
compulsive disorder are common, and tics wax and wane, frequently responding to 
medications (antipsychotics, A2-adrenergic agonists, and botulinum toxin) [158, 
164]. In sharp contrast, functional tics generally occur in females, often young 
adults, rarely have a family history of tics, and are frequently sudden in onset [158, 
164]. The nature of the movements in functional tics are also different, as they are 
commonly distractible or suggestible, not suppressible, and rarely respond to typi-
cal tic-suppressing medications [164]. In addition, in functional tics, there is not a 
rostrocaudal gradient involving the face, but frequently involves the trunk and 
extremities and interferes with voluntary action (“blocking” tics) [158, 165]. 
Abnormal movements that are not typical of tics include wild thrashing or inconsis-
tent, non-stereotyped patterns [166]. Other factors such as purely vocal tics or tics 
starting in adulthood can be suggestive, but both have been described in the litera-
ture as occurring with “organic” tics [163]. The diagnosis is therefore made by 
reviewing the history and physical examination for supporting signs or symptoms 
that might indicate functional tics. While extremely rare, echo- or coprophenomena 
can be seen in functional tics, there can be shared risk factors (anxiety, obsessional-
ity, impulsivity, and precipitating life events) and treatment can also overlap, as 
cognitive behavioral therapy (habit-reversal therapy, exposure-response prevention) 
and treatment of anxiety and depression can benefit both disorders [158].

 Functional Weakness
Sudden weakness is a common cause for presentation to the ED for evaluation to 
appropriately rule out stroke; however, there are many stroke mimics, including 
motor FND [167, 168]. FNDs have turned out to be one of the most common stroke 
mimics, accounting for up to 40% of non-stroke cases in different series [169, 170]. 
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They are more commonly female and younger than the typical stroke cohort, may 
also account for repeated presentations [171] and may even be given thrombolytics, 
given the understandable time constraints to adequately assess these patients during 
these emergency situations [172]. Functional weakness should also be on the dif-
ferential diagnosis of weakness with concern for spinal cord, cauda equina or nerve 
route etiology, particularly in scan-negative cases, or can also involve functional 
overlay on top of “organic” spinal weakness [173].

The diagnostic literature for functional weakness is broad, with multiple signs 
and symptoms being championed over the years as helpful in making the diagnosis 
[171, 174–176]. Functional weakness is more commonly hemiparetic than monopa-
retic and can also include a functional gait disorder [171]. In addition to this, Stone 
and colleagues [171] assessed nine “positive physical signs” in a study of 109 
patients with a diagnosis of functional weakness. These included four motor signs 
(i.e., collapsing/give-way weakness, dragging monoplegic gait, Hoover’s sign 
[weakness of voluntary hip extension but normal involuntary hip extension strength 
during contralateral hip flexion], and hand strike [a seemingly limp arm avoiding 
the face when dropped from a height]), four sensory symptoms (i.e., ipsilateral 
increased vibration sense, ipsilateral decreased vibration sensation, midline- splitting 
sensory loss, and ipsilateral decreased temperature sensation), and one cognitive 
symptom (i.e., la belle indifference). The motor signs were common (collapsing 
weakness and Hoover’s sign occurred in 70% and 56% of patients, respectively), 
while the sensory symptoms were less common and in comparison, la belle indiffer-
ence was infrequent, found in only three patients [171].

While there are many clinical maneuvers to assess functional weakness, few 
have been validated in formal studies, although Daum and colleagues also attempted 
to assess the sensitivity and specificity of “rule in” functional examination signs [66, 
67]. This is important because occasionally physicians will treat a favorite sign or 
symptom as pathognomonic of functional disease, when in fact there is little evi-
dence to support this type of thinking. For instance, in Gould’s 1986 paper [85], one 
of the signs they looked for in their patients with known CNS lesions was “give-way 
weakness.” This is the tendency to provide submaximal effort during confronta-
tional strength testing and is often considered a sign of functional weakness. They 
found that 10 of the 30 patients displayed this sign, despite known structural etiol-
ogy of their injuries. They found that 60 patients (56%) displayed a “Hoover’s sign,” 
but they also found that 1 of 7 controls also had the sign. Despite these early find-
ings, Daum and colleagues conducted a systematic review assessing the reported 
functional signs [66] and then compared 20 FND patients with 20 controls to assess 
the inter-observer agreement and prevalence of the signs [67]. They described 14 
validated signs, revealing low sensitivity but high specificity and overall considered 
give-way weakness, drift without pronation and Hoover’s sign as highly reliable, 
the Spinal Injuries Test [177] being reliable, and hand stroke (arm drop) being insuf-
ficiently reliable and requiring interpretation with caution [67]. It is also always 
important to bear in mind that a patient can have both functional and “organic” ill-
ness, so one must use caution when interpreting these diagnostic signs – humility 
and caution are needed when interpreting the significance of any single sign.
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Physiological testing has been more helpful in ruling out functional weakness 
than ruling it in. Imaging studies and neurophysiology tests designed to evaluate the 
integrity of the nervous system (such as EMG and evoked potentials) should all be 
negative or have findings that do not account for the patient’s complaints. The use 
of motor-evoked potentials (MEPs) can be of potential utility, with normal MEPs in 
the setting of a paretic limb, if there is no definitive neurophysiological or imaging 
cause for a patient’s weakness [34]. There has also been at least one attempt to use 
physiological testing to quantify the results of the clinical exam. Ziv [178] exam-
ined ways to quantify testing for the Hoover’s sign as well as equivalent tests in the 
upper extremities.

 Management of Functional Movement Disorders 
in the Emergency Setting

Anderson and colleagues provided a comprehensive assessment of treatment of 
FMD in the emergency setting [12]. First, it is important to rule out serious “organic” 
pathology, such as stroke or seizures [12]. If there is high diagnostic suspicion of 
FMD, this should be explained to the patient and if there is diagnostic uncertainty 
but an FND is still a consideration, this should also be discussed. Once the diagnosis 
has been made, the first step in the treatment is appropriately delivering the diagno-
sis, which is particularly important in the ED setting [12, 179, 180]. A useful frame-
work to guide discussion of the FND diagnosis and the initial management plan is 
eloquently described by Stone and Carson [180, 181]. Despite the time constraints, 
making a functional diagnosis with high diagnostic suspicion is vitally important, as 
particularly in the initial stages of functional disease making an alternative diagno-
sis may sow doubt and may reinforce and perpetuate unhelpful illness beliefs or 
health fears [12]. Communication of a diagnosis should also be collaborative with 
the ED physicians, for consistency of messaging [12]. Given fluctuation of FMD 
symptoms (and particularly in paroxysmal FMD or PNES which may result in an 
entirely normal examination on later assessment), detailed documentation including 
the presence of “rule in” clinical signs can be very important to the outpatient neu-
rology provider to assign the clinical features and history to the most likely diagno-
sis [12]. A useful approach to communication in the ED setting includes emphasizing 
that FND is real, common, brain-based, and treatable, which may include using a 
simplified analogy (software vs. hardware problem), that diagnosis is based on spe-
cific neurological examination findings and also underscoring the difference 
between FMD and other serious “organic” disorders that the patient is concerned 
about (and explaining why these are not the case), which (if the provider is suffi-
ciently skilled and confident in making an FMD diagnosis) will allay the patient’s 
fears [113, 180, 182]. Providing education materials through websites such as www.
neurosymptoms.org or www.fndhope.org can also be helpful and will allow the 
patient to read up about FND and understand why this fits with their presentation. It 
may also potentially mitigate unhelpful Internet research, which may result in con-
fusion and increasing patient fear of an undiagnosed serious “organic” neurological 
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disorder (although FMD is also serious in its own right, given the propensity for 
significant disability) [65]. Ultimately, the patient’s acceptance and understanding 
of the diagnosis is crucial to the management of FMDs and may obviate searching 
for alternative diagnoses and subsequent adherence to treatment. A useful guide to 
the initial neurological management of FND is shown in Table 21.4, highlighting an 
emerging standard of multidisciplinary care, involving therapeutic roles for 

Table 21.4 Guidance for the initial management of motor FND

1. Assessment and (ideally) unambiguous diagnosis
   Useful guide shown by Stone and Carson [180, 181]
   The most important initial treatment is patient understanding and acceptance
   Explanation that genuine disorder with potential for reversibility
   Positive diagnosis based on the presence of typical signs that, in and of themselves, indicate 

the potential for reversibility
   Avoid assumption that psychological stressors in the patient’s life are causing symptoms.
   Symptoms themselves are often the main stressor
   Insisting that there must be others may lead to frustration and an angry patient
   Exploration of mechanisms, e.g., triggering of symptoms by pain, injury, or dissociation and 

a discussion of how symptoms manifest as “abnormal motor signals” in the nervous system
   Provide written documentation to patient (such as fact sheets from www.neurosymptoms.

org)
2. Commencement of the multidisciplinary management
   Treat as early as possible; best results <3 months after symptom onset
   Avoid invasive therapeutic procedures
   Minimize medications where possible
   Anti-depressants/anti-anxiety medications may be beneficial for the treatment of psychiatric 

symptoms
   Physical aids/wheelchairs may be a barrier to recovery [181]
   (Possible use of placebo treatments controversial) [191]
   Start and plan treatment of comorbidities, including comorbid “organic” neurological 

disorders
   Set up outpatient neurology follow-up
   Physical therapy, occupational therapy, speech and language pathology tailored to symptoms 

and using FND-specific techniques and strategies (provide rehabilitation therapists with 
relevant consensus guidelines to guide treatment) (Nielsen et al. [184] and Nicholson et al. 
[189])

   Psychiatric assessment as necessary (particularly if significant psychiatric symptomatology) 
for planning of outpatient psychiatry and psychological interventions (behavior modification, 
cognitive behavioral therapy, etc.) and transferred to the outpatient setting

   Introduce self-guided cognitive behavioral therapy [196]
   Examination under general or local anesthesia can be considered in fixed dystonia [117, 182, 

184]
   Electroconvulsive therapy, if clinically indicated from a psychiatric standpoint [198]
3. Complex treatments (deferred to outpatient setting)
   Plan multimodal pain management techniques (including cognitive behavioral therapy)
   Paroxysmal FMD – treatment as per non-epileptic attacks
   Manual by Curt LaFrance “Taking Control of your Seizures: Workbook” and “Nonepileptic 

Seizures: Therapist Guide”
   If available, in complex/difficult to diagnose cases, a specialist FND clinic can be a useful 

resource [201]
   In select cases – planned admission for FND-specific inpatient multidisciplinary 

rehabilitation programs [202]
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education, physical therapy (PT), occupational therapy (OT), and psychotherapy 
(cognitive behavioral therapy and related psychotherapy) [183]. Core medical 
involvement includes neurology (and outpatient follow-up arrangements should be 
made in house) and psychiatry (particularly for uncontrolled psychiatric symptoms, 
equally arranging a transition to the outpatient setting).

Treatment may be limited if the patient is only assessed in the ED and not admit-
ted [12] but if the patient is to be admitted, there should again be clear communica-
tion with the admitting neurology, medicine, or other team and if there is diagnostic 
uncertainty, following a different inpatient management pathway [32]. Further inpa-
tient observation can be useful in FMD to allow multiple assessments to observe 
consistency of functional examination signs and inconsistency with “organic” dis-
ease, as well as for appropriate further investigations (such as relevant magnetic 
resonance imaging), limiting investigations with potential for iatrogenic harm, such 
as lumbar punctures, where possible) [32].

In either setting, a multidisciplinary approach is required [12, 32] and the diag-
nostic concerns should also be clearly relayed to rehabilitation specialists, so that 
appropriate FND-specific treatment can be commenced. In the ED, physical ther-
apy/physiotherapy (PT) evaluation for patients with weakness, gait, or other perti-
nent symptoms, and occupational therapy (OT) for those with upper extremity 
motor impairments may reinforce a functional diagnosis and triage patients’ needs 
[12]. Fortunately, there are now consensus recommendations on the PT treatment of 
motor FND [184]. There have been clinical trial data suggesting efficacy of PT 
[185], as well as FND-specific inpatient rehabilitation programs [186] and for tran-
sition to the outpatient setting [187]. A protocol for a multicenter clinical trial of PT 
for FND is underway [188]. OT can also frequently be important in rehabilitation 
[23] and Nicholson and colleagues have recently published consensus guidelines 
[189]. In the absence of rehabilitation therapists with experience in the specific 
techniques used in FND, copies of these guidelines can be very important to guide 
inpatient and subsequent outpatient therapy, as standard approaches (such as for 
stroke, Parkinson’s disease), can frequently be unsuccessful and in some cases, 
counterproductive. Depending on the patient’s symptoms, patients with speech or 
swallowing symptoms may benefit from targeted speech and language pathology 
input, using additional FND-specific techniques [190].

The use of placebos in the diagnosis and treatment of FMD is controversial. 
Inadvertent observation of the inappropriate effects of medications (such as rapid 
resolution or sudden worsening after treatment, inconsistent with the known physi-
ological effects) should be recognized [191]. Frucht and colleagues have also pro-
vided specific advice for the multidisciplinary treatment of functional dystonia [65]. 
In the inpatient setting, the use of general or local anesthesia after consultation with 
orthopedic surgery may cause complete relaxation of posturing in fixed dystonia, 
which may aid in diagnosis and also in the determination of the presence of contrac-
tures [117, 182, 184]. If fixed posturing is not treated, contractures may develop 
[106]. Although patients may be very debilitated by their symptoms, physical aids/
wheelchairs may be a barrier to recovery in the outpatient setting, although unavoid-
able in the cases of safety concerns [181]. Requests for second opinions should be 
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welcomed but the number of these opinions should be limited and targeted, with 
consultations sought from experts in rare movement disorders, as well as FND (FD 
paper), as otherwise this can lead to confusion on the part of the patient and contrib-
ute to the excessive healthcare utilization seen in FMD patients [1, 9]. One of the 
most devastating consequences of this condition is unnecessary medical and surgi-
cal procedures, and this risk can increase with the more doctors they see [9].

The multimodal treatment of pain in FMD should be started in the ED/inpatient 
setting but oral medications should be minimized and controlled drugs (opiates/
opioids and benzodiazepines) should be avoided for numerous reasons [9]. In the 
case of debilitating chronic pain, outpatient treatment programs including rehabili-
tation and CBT may be valuable, including Mind-Body programs [192, 193]. 
Although oral medications should be minimized, anti-depressants and anti-anxiety 
medications can be useful in treating psychiatric symptoms [194, 195]. Introducing 
the idea of self-guided cognitive behavioral therapy (the self-guided CBT work-
book, “Overcoming Functional Neurological Symptoms: A Five Area Approach,” 
based on the UK clinical trial by Sharpe et al.) can be useful, particularly if the 
patient is receptive. We suggest that this can be a useful guide for patients’ self-help 
CBT and can also be used during individual psychotherapy [196]. There are also 
plans for clinical trials of CBT [197]. Discharge planning should involve multidis-
ciplinary coordination and includes outpatient neurology, psychiatry (as needed, if 
assessed in the ED/inpatient setting), and rehabilitation [187]. In cases of severe and 
decompensated psychiatric symptoms, as deemed necessary from a clinical stand-
point, there are cases of spontaneous remission of FND symptoms with electrocon-
vulsive therapy [198, 199] and improvement in somatoform disorders [200].

If available in the area, a specialist FND clinic can be a useful resource in com-
plex or difficult to diagnose cases [201]. In select cases, a planned admission for 
FND-specific inpatient multidisciplinary rehabilitation programs can be of value 
(combining neuropsychiatry, psychology, PT, OT and, in some cases, speech ther-
apy) and the experienced centers who offer this have published impressive 
results [202].

 Conclusion

In summary, there is evidence that an intensive, multidimensional treatment 
approach is helpful, although data are limited. A treatment approach centered on 
neurology and psychiatry management, with PT, OT, and speech therapy as appli-
cable as well as psychotherapy is recommended. Medication treatment is reason-
able, particularly if there are significant comorbid psychiatric symptoms. The 
holistic treatment of pain and other tailored treatments tailored to specific FMD 
treatments should be considered. Unfortunately, despite treatment, the prognosis of 
functional motor symptoms is generally poor, with a systematic review suggesting 
that roughly 40% of patients remain the same or worse at follow-up [86].
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 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 neurologist 
was called to the bedside when he subsequently experienced an acute episode of 
painful turning of his neck to the right, elevation of the right arm, and dystonic pos-
turing 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 
diphenhydramine 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 documented epi-
sodes, occurring every 3 days and lasting for hours, during which she would obsess 
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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 consistent 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 demon-
strated respiratory dysrhythmias, myoclonic jerks, and a fixed forward gaze. A diag-
nosis of oculogyric crisis was made, and elimination of levodopa and introduction 
of 0.5 mg of benztropine mesylate three times per day terminated the events. She 
died 2 years later, and autopsy confirmed the diagnosis of vascular parkinsonism.

 Introduction

The first antipsychotic medication chlorpromazine was discovered in 1949 during 
French surgeon Henri-Marie Laborit’s search for a “lytic cocktail” intended to 
dampen autonomic activity and prevent surgical shock [1]. Laborit astutely observed 
the secondary affective and behavioral impact of chlorpromazine and went on to 
recommend its use to his psychiatry colleagues at Sainte-Anne’s hospital in Paris. 
In 1952, Pierre Deniker and Jean Delay published the first case series describing its 
ameliorative effects on 38 patients with chronic psychosis [2]. The term neuroleptic, 
meaning “that which seizes the nerve,” was coined by Delay in 1955 to describe in 
part the parkinsonian akinesia that accompanied rapid improvement in psychosis [3].

With more widespread use of phenothiazine-derived medications and the eventual 
introduction of haloperidol and other first-generation antipsychotics, neurologists 
went on to describe a varied array of hyperkinetic movement disorders caused by 
exposure to centrally acting dopamine receptor-blocking agents (DRBAs). The major-
ity were noted to be short-lived and self-limited, occurring within days or weeks of 
exposure and resolving with discontinuation of the DRBA. These included acute dys-
tonic reactions [4], acute akathisia [5], and acute orobuccolingual (OBL) dyskinesias 
[6]. However, nearly 10 years passed before the larger spectrum of late or delayed 
movement disorders were more broadly recognized, termed tardive dyskinesia by 
Arild Faurbye in 1964 [7]. These long-duration movement disorders were seen after 
chronic exposure to DRBAs and frequently exacerbated by withdrawal or discontinu-
ation of the offending agent. These included tardive dyskinesia, tardive dystonia, and 
tardive akathisia, now jointly referred to under the umbrella term tardive syndromes.

With the advent of second-generation antipsychotics, there was an expectation 
that the prevalence of tardive syndromes would fall due to their preferential sero-
tonin receptor activity and lower affinity for dopamine D2 receptors. While they 
have been shown to carry a lower annual incidence rate of tardive dyskinesia [8], 
they have failed to produce the dramatic reduction that was initially predicted [9]. 
This is hypothesized to stem from increasing off-label use of antipsychotics in com-
mon conditions like treatment-resistant depression coupled with the continued use 
of other DRBAs such as antinausea agents metoclopramide and prochlorperazine, 
and calcium channel blockers flunarizine and cinnarizine.
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While most neuroleptic-induced movement disorders produce mild and some-
times barely noticeable symptoms, as is the case with OBL dyskinesias, more severe 
and bothersome movements like dystonia and akathisia can result. Rarely, emergent 
and potentially life-threatening syndromes can be caused by DRBAs: neuroleptic- 
induced respiratory and gastrointestinal phenomena, and oculogyric crisis.

 Neuroleptic-Induced Respiratory Phenomena

Acute laryngeal dystonia was quickly recognized as a potential fatal respiratory side 
effect of neuroleptic treatment. It was first described in a patient who developed an 
acute dystonic reaction with laryngospasm following treatment with intravenous 
prochlorperazine [10]. Although rare, it has since been reported after exposure to a 
number of DRBAs, occurring primarily in young men, and in rare instances leading 
to death [11]. Patients typically present with acute stridor without an obvious pre-
cipitating infectious illness or aspiration event. Examination will often provide 
clues to etiology if there are other segmental manifestations of dystonia such as 
blepharospasm, torticollis, or opisthotonos. A history of DRBA exposure should 
prompt high suspicion and immediate empiric treatment, but all patients should still 
undergo emergent endoscopy to rule out other causes of airway obstruction. Tardive 
forms of laryngeal dystonia have also been described in patients undergoing chronic 
treatment with antipsychotics [12–15]. These can present in both an acute and sub-
acute fashion, more often again in younger individuals following a recent increase 
in dosage or change in neuroleptic.

Other less familiar tardive respiratory phenomena have also been seen in patients 
on long-term neuroleptic therapy. Hunter et al. were the first to report the presence 
of respiratory dyskinesias in 1964 in two patients weaned off phenothiazine-derived 
antipsychotics after several years of treatment [16]. They described unusual distur-
bances of respiratory rate, rhythm, and amplitude with episodes of acute respiratory 
distress in which they appeared to inspire against a closed glottis resulting in apnea 
and cyanosis. Respiratory dyskinesias were formally classified as an extrapyramidal 
side effect in 1978 following a published case series better detailing their clinical 
presentation and successful treatment through dopamine depletion with reserpine 
[17]. The same year, the first emergent case of tardive respiratory dyskinesia was 
reported following discontinuation of chlorpromazine, culminating in a hospitaliza-
tion for acute hypoxic respiratory failure due to aspiration pneumonia, and resolv-
ing only after treatment with high doses of haloperidol [18].

More widespread studies have since looked at the prevalence of respiratory 
symptoms in patients with tardive OBL dyskinesia, estimated to occur in 2.3% of 
chronic institutionalized patients [19]. Clinical descriptions include tachypnea, 
abdominal breathing, and audible gasping, grunting, sighing, and moaning. There 
has been concern that respiratory dyskinesias are an underreported phenomenon, 
poorly recognized by psychiatrists and sometimes dismissed as a manifestation of a 
patient’s underlying mental illness. Breathing irregularities appear to be present 
even in patients with tardive dyskinesia who are asymptomatic from a pulmonary 
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standpoint, manifesting as erratic respiratory patterns with variable rate and tidal 
volume analogous to movements in other areas of the body [20].

Tardive respiratory dyskinesia tends to preferentially manifest in older women 
with a longer duration of neuroleptic treatment, often after dose reduction or discon-
tinuation of a DRBA [21, 22]. Patients typically present with subacute onset of 
dyspnea, dysphagia, and aerophagia without signs of overt hypoxemia. Like tardive 
dyskinesia, symptoms improve at rest, worsen with stress, anxiety, and pain, and 
disappear with sleep. Patients with suspected respiratory dyskinesia should be 
examined at rest with bare chest exposed in order to observe for irregularities in 
speed, rhythm, and depth of breathing. Some patients may display inappropriate use 
of accessory inspiratory and expiratory musculature as well. Workup should include 
an arterial blood gas that may reveal evidence of respiratory alkalosis and a chest 
x-ray to rule out subclinical aspiration. Formal pulmonary function testing is often 
difficult to obtain due to irregular breathing patterns and co-occurrence of OBL 
dyskinesias. Complications include aerophagia, aspiration pneumonia, and respira-
tory arrest.

 Neuroleptic-Induced Gastrointestinal Phenomena

Hyperkinetic movement disorders of the gastrointestinal system have been well 
described in patients following neuroleptic exposure, preferentially involving the 
striated muscles of the oral cavity, pharynx, and upper esophagus. Initial reports of 
dysphagia in patients with tardive dyskinesia hypothesized that involuntary tongue 
protrusion from OBL dyskinesias led to impaired deglutition [23]. However, several 
cases of isolated dysphagia have since been reported in the absence of OBL dyski-
nesias, supporting a diagnosis of lingual or pharyngeal dystonia in most [24–29]. 
During normal swallowing, the tongue pushes the food bolus through the relaxed 
oropharynx down into the esophagus. Patients with lingual dystonia will have dif-
ficulty retaining and manipulating food in the oral cavity with the tongue. Upon 
attempting to swallow, they may be unable to pass a bolus posteriorly to the oro-
pharynx. In severe cases of lingual dystonia, patients may even force food particles 
forward and out of the mouth akin to eating dystonia seen in neuroacanthocytosis 
[30]. Patients with pharyngeal dystonia on the other hand will masticate and manip-
ulate food normally with the tongue but be unable to move it past the overactive 
muscles of the posterior pharynx, trapping the bolus in the oral cavity.

When vomiting or food regurgitation is present, it is important to consider 
involvement of the more distal gastrointestinal tract. Esophageal dyskinesias have 
been documented by Horiguchi et al. in two patients with OBL dyskinesias who 
developed dysphagia and food regurgitation following withdrawal of chronic halo-
peridol therapy [31]. Uncoordinated, dyskinetic movements of the upper esophagus 
were observed through contrast radiography and esophageal manometry. Neuroleptic 
suppression resolved symptoms in one patient whereas asphyxiation of food led to 
death in the other.
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Forms of tardive oromandibular dystonia may indirectly impact swallowing 
leading to weight loss and nutritional deficiency [32]. In severe jaw-closing dysto-
nia, patients may be unable to introduce solids into the oral cavity, whereas in severe 
jaw-opening dystonia, mastication may be impossible leaving only liquid nutrition 
as an option.

Workup in all patients with suspected neuroleptic-induced gastrointestinal phe-
nomena should include fiberoptic endoscopic evaluation of swallowing and video-
fluoroscopy with modified barium swallow and manometry if no etiology is found. 
Occasionally, both respiratory and gastrointestinal tardive phenomena may coexist, 
further complicating diagnosis, and sometimes requiring placement of a gastros-
tomy tube to maintain nutritional support until directed treatment is effective [33].

 Oculogyric Crisis

Oculogyric crisis is a rare form of acute dystonia in which the eyes are conjugately 
deviated in a sustained, tonic posture of upward and/or lateral gaze. It occurs in 
paroxysms typically lasting seconds to minutes, though may rarely extend for hours 
at a time [34]. Clinical severity can vary from brief, subtle deviations of the eyes as 
an isolated symptom to more severe, painful presentations with associated dystonic 
posturing of the face, jaw, neck, trunk, and limbs [35]. In the more extreme mani-
festation, involuntary movements are often accompanied by symptoms of auto-
nomic dysfunction such as hypertension, tachycardia, mydriasis, and diaphoresis, 
as well as psychiatric symptoms of anxiety, agitation, and psychosis. Although not 
life-threatening, patients are conscious and aware of their symptoms, often leading 
to panic and marked discomfort.

Oculogyric crisis was first reported in patients with encephalitis lethargica in the 
1910–1930s [36] but has since been described as a result of focal brain lesions and 
as a manifestation of some rare metabolic and neurodegenerative disorders [37]. 
Although a wide array of drugs has been reported to trigger oculogyric crisis, it is 
most seen in conjunction with acute dystonic reactions, occurring immediately or 
shortly after exposure to a DRBA. There are rare reports of tardive oculogyric crises 
recurring chronically, in one patient up to several months after cessation of the 
offending neuroleptic agent [38]. Oculogyric crisis remains a clinical diagnosis and 
patients presenting with eye deviation and altered awareness should be appropri-
ately worked up and treated for the possibility of focal seizures.

 Treatment

Clinical history is critical in initially raising the possibility of a neuroleptic-induced 
movement disorder and whenever possible it is helpful to differentiate between 
acute versus tardive phenomena. However, several movement disorders can often 
coexist in one individual and their chronicity may be difficult to parse out. It is 
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always important to ask about duration of neuroleptic treatment, last known expo-
sure, and any recent dose adjustments or changes in therapy. When the patient is 
unable to provide history and no collateral information is available, the presence of 
psychiatric symptoms or characteristic tardive phenomena like OBL dyskinesias 
should prompt high suspicion of a neuroleptic-induced movement disorder.

In the emergency setting, initial management should focus on airway, breathing, 
and circulation. Acute laryngeal dystonia is the most life-threatening of neuroleptic- 
induced movement disorders and immediate treatment with intravenous antihista-
mines or anticholinergics will usually abort dystonia within minutes. 
Diphenhydramine is the most widely available treatment in most clinical settings 
and 25 or 50 mg delivered intravenously is often sufficient. Benztropine is equally 
effective and can be given intravenously or intramuscularly at a dose of 1 or 2 mg. 
Acute dystonic reactions including oculogyric crisis should be managed similarly, 
and benzodiazepines including diazepam and clonazepam may be of additional ben-
efit in the latter [39]. Patients should continue oral anticholinergics for at least 
1 week after the acute event to avoid recurrence, and the offending agent should be 
discontinued [40].

 Treatment of acute laryngeal dystonia required intravenous administra-
tion of diphenhydramine (available in crash carts), that can be life-saving.

Management of tardive respiratory and gastrointestinal phenomena is more 
nuanced and there is little guidance in the literature beyond case reports. 
Discontinuation of the DRBA is not always beneficial and can sometimes lead to 
further worsening of symptoms. Anticholinergics can exacerbate tardive dyskinesia, 
and benzodiazepines generally provide only symptomatic relief. While neuroleptic 
suppression with high potency antipsychotics like haloperidol may provide short- 
term benefits, symptoms may ultimately reemerge and patients are at greater risk of 
long-term side effects from higher doses.

Evidence and clinical experience support the strategy of dopamine depletion via 
use of vesicular monoamine transporter 2 (VMAT2) inhibitors like tetrabenazine 
[41]. Although there are no published reports of their efficacy in neuroleptic-induced 
respiratory and gastrointestinal phenomena, it is presumed that the newer VMAT2 
inhibitors deutetrabenazine and valbenazine would provide similar benefits given 
their proven success in treating tardive dyskinesia [42, 43]. The risk of drug-induced 
parkinsonism, depression and hypotension may limit the use of VMAT2 inhibitors 
in some patients, though they are generally well tolerated even in older individuals. 
For patients who are judged to require long-term neuroleptic therapy, cross titration 
to the atypical antipsychotic clozapine is often the ideal alternative, particularly in 
refractory forms of tardive dystonia. This of course carries with it several potential 
side effects, most notably drug-induced agranulocytosis that requires close monitor-
ing and frequent blood draws.
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 Conclusion

Tardive or neuroleptic-induced emergencies, while rare, can be life-threatening. 
Prompt recognition and termination by intravenous anticholinergic infusion are an 
emergency that all neurologists should learn to recognize.
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Abbreviations

ASV Adaptive servo-ventilation
BIS Bispectral index
BPAP Bilevel positive airway pressure
CPAP Continuous positive airway pressure
CRD Central respiratory disturbance
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 Patient Vignette

A 74-year-old man diagnosed with multiple system atrophy (MSA) 9 years prior 
was readmitted to our hospital because of pneumonia. A fiberoptic laryngoscopy 
showed no laryngeal abnormalities during both wakefulness and diazepam-induced 
sleep. Aspiration was subtle. Next year, he developed nocturnal stridor. On second 
fiberoptic laryngoscopy, moderately severe vocal cord abductor impairment with 
abduction restriction during wakefulness and paradoxical movement during sleep 
was found. On an overnight recording of percutaneous arterial blood oxygen satura-
tion (SpO2), no desaturation less than 90% was demonstrated. Arterial blood gas 
analysis on room air was normal. Only 1 week after discharge, 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 notch became hollow during 
every inspiration. A third fiberoptic laryngoscopy during wakefulness demonstrated 
severe vocal cord abductor impairment with slit-like aperture of the glottis, requir-
ing emergency intratracheal intubation. After tracheostomy was performed, he 
could speak with a speech valve. Arterial blood gas analysis on room air became 
almost 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

Descriptions of vocal cord dysfunction in MSA date back to the late 1960s [1, 2]. In 
1979, Williams et  al. [3] compiled clinical data on vocal cord paralysis from 12 
patients with Shy-Drager syndrome. Pathological studies on the laryngeal muscles 
showed neurogenic atrophy of the sole vocal cord abductor, the posterior cricoary-
tenoid muscle (PCA) [4, 5]. However, presence [4, 6, 7] or absence [5, 8] of involve-
ment of the nucleus ambiguus remains controversial. Vocal cord abductor impairment 
(VCAI) developing inspiratory stridor has drawn a lot of attention because of its 
close relationship with nocturnal sudden death [9–11]. Stridor was credited as one 
of the “additional features of possible MSA” in the “Second consensus statement on 
the diagnosis of multiple system atrophy” from 2008 [12]. In 2019, the international 
consensus statement, “stridor in multiple system atrophy” was raised [13]. In this 
statement, 34 studies with evidence levels of class II to class IV from 1979 to 2016 
were summarized, together with the experts’ opinions.

Though VCAI develops frequently in MSA, its pathogenesis and prognosis still 
remain unclear, and treatment plans do not always reach consensus. This chapter 
describes an overview according to the following five subheadings: (1) clinical 
aspects of VCAI, (2) pathogenesis of VCAI, (3) laryngeal abnormalities other than 
VCAI, (4) treatments, (5) combination with upper airway obstruction (UAO) and 
central respiratory disturbance (CRD). We use the term “VCAI” instead of “vocal 
cord abductor paralysis” because vocal cord dysfunction is caused by both abductor 
paralysis and adductors hyperactivity. The term “noninvasive positive pressure 
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ventilation” (NPPV) refers to both continuous positive airway pressure (CPAP) and 
bilevel positive airway pressure (BPAP), forming a counterpart with TPPV (trache-
ostomized positive pressure ventilation). The term “supraglottic collapse” is used as 
a concept including both floppy epiglottis (FE) and floppy arytenoid (FA).

 Clinical Aspects of VCAI

 Symptoms and Diagnosis of VCAI

The core symptom of VCAI is nocturnal stridor, often perceived by the patient’s 
bedpartner or caregivers because of its peculiar breathing sound. While snoring 
observed in obstructive sleep apnea syndrome (OSAS) is equally loud as inspiratory 
stridor in MSA, there are fundamental differences as stridor derives from the larynx 
and snoring mainly from the pharynx. These differences should be distinguished in 
several ways (Table 23.1). Kavey et al. [14] sounded an alarm that stridor could be 
mistaken for snoring, and serious laryngeal dysfunction could be overlooked. 
Inspiratory stridor in MSA is characterized by a loud, high-pitched, harsh sound 
[13]. At first, stridor develops only during sleep, and later occurs during wakeful-
ness, particularly as the patient takes a breath in conversation. Diurnal stridor may 
be mistaken for steroid-unresponsive asthma attacks when a clinical history of noc-
turnal stridor is missing. VCAI can appear at any time in the course of MSA, even 
as an initial [15] or an isolated [16] symptom. One of the objective findings on 
inspection is a retractive breathing showing inspiratory hollowing of the supraster-
nal notch or supraclavicular fossa (Fig. 23.1). This finding indicates the presence of 
severe stenosis of upper or lower respiratory tract, not specific to VCAI. On auscul-
tation, inspiratory stridor is louder in the neck than on the chest, unlike asthma. 
Nocturnal stridor has been called “metallic,” “croup-like [14],” “donkey-braying 
[5],” “dog howling,” or “fur seal roaring” in quality, reflecting its high-pitched tone.

A definite diagnosis of VCAI is made by drug-induced sleep endoscopy (DISE). 
Using this method, we classified the severity of VCAI into four stages from stage 0 
(normal) to stage 3 (severe VCAI), according to the position of the vocal cords on 
inspiration (Table 23.2). VCAI is characterized by abduction restriction with paradoxi-
cal movement of vocal cords showing inspiratory adduction and expiratory abduction, 

Table 23.1 Difference between vocal cord abductor impairment and obstructive sleep apnea

Vocal cord abductor impairment Obstructive sleep apnea
1. Stridor or snoring
   Sound source Larynx (vocal cord) Pharynx (soft palate, 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
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and is often induced or exacerbated by sleep. The vocal glottis consists of two parts: the 
anterior glottis mainly involving voicing and the posterior glottis in breathing. Since 
patency of the posterior glottis mainly determines the severity of VCAI, we further 
divided stages 1 and 2 into two types according to the shape and the presence or absence 
of stridor: type a for triangular shape with some airway space, and type b for a slit-like 
shape with inspiratory stridor (Fig. 23.2) [17]. Thereby, 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. Looking back on our patient in the clinical vignette, first fiberoptic laryn-
goscopy showed moderately severe VCAI (stage 2) and an overnight recording of SpO2 
was normal. Unfortunately, posterior glottis at first examination could not be observed 
fully, resulting in an unknown stage (2a or 2b). In retrospect, a repeat DISE and over-
night recording of SpO2 would have been useful. Another noteworthy point is the influ-
ence of sleep depth on both SpO2 and laryngoscopic findings. If sleep depth under 
DISE is insufficient (shallow sleep), VCAI can be “masked.” This is true in analyzing 
an overnight recording of SpO2. Eastwood et al. [18] reported that increasing sleep 
depth by propofol anesthesia was associated with increased collapsibility of the upper 
airway. Sigl and Chamoun [19] introduced bispectral index (BIS), which translated a 
patient’s electroencephalogram (EEG) signals into scaled numbers from 0 (EEG silent) 
to 100 (fully awake) to reflect consciousness levels and sedation depth. On the basis of 
these backgrounds, Lo et  al. [20] proposed an objective and reproducible sedation 
method for DISE using propofol pump infusion to maintain optimal BIS level between 
65 and 75. This method seems to be useful in evaluating the severity of UAO more 
objectively and semiquantitatively.

During expiration During inspiration

a b

Fig. 23.1 Retractive breathing in MSA patient with vocal cord abductor impairment. Suprasternal 
notch and supraclavicular fossa become hollow associated with stridor during inspiration (b) com-
pared to expiration (a) as shown in the text

Table 23.2 Stage classification of vocal cord abductor impairment on a fiberoptic laryngoscopy

Stage Awake Asleep Posterior glottis findings during sleep
0 (normal) Normal Unchanged
1 (mild) Normal Paradoxical 1a: triangular without stridor

1b: narrower with stridor
2 (moderately) Abduction restriction Paradoxical 2a: triangular without stridor

2b: narrower with stridor
3 (severe) Midline fixation Midline fixation
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 Acoustic Analysis of Stridor

Studies on the acoustic analysis of stridor sound are few. Comparing the vibration 
frequency between snoring and nocturnal stridor, the latter shows 233 ± 45 Hz [21] 
or 260-330 Hz [22], higher than the former, agreeing with the auditory impression 
of a high-pitched shrill sound. Tanaka et al. [23] reported a patient in whom charac-
teristic nocturnal stridor was useful for the early diagnosis of MSA. Koo et al. [24] 
divided stridor into two types using Multi-Dimensional Voice Program: rhythmic 
and semi-rhythmic types. Prognosis of the patients with the former was poorer than 
that with the latter, though there were no significant differences between types in all 
of the seven acoustic parameters such as fundamental frequency. With progression 
of VCAI, the vocal glottis comes to be much narrower, approaching the position 
during vocalization. Looking at this situation from another angle, inspiratory stridor 
can be regarded as “inspiratory vocalization,” resulting in an increase of quality 
with some limpidity associated with a decrease of noise components [25]. This may 
lead to the results from Koo et al. [24] showing that the rhythmic type with poorer 
prognosis exhibited more regular frequency and amplitude. In contrast, many 
reports on the acoustic analysis of snoring in OSAS have been made. For example, 
a median peak frequency [26] or pitch and formant [27] differed according to the 
obstruction sites. Lee et al. [28] reported that the frequency spectrum of stridor was 
distributed only within the low-frequency band (40–300 Hz) in the mild group with 
sole obstruction, while widely within the low, mid, and high frequency bands in the 
severe group with multiple obstructions. They concluded that high maximal inten-
sity of low-frequency snoring sounds (≥60 dB) was useful as a specific surrogate of 
multi-level obstructions, while low mean intensity of mid-frequency snoring sounds 
(<45 dB) as a good predictor of a surgical response [28]. Meanwhile, there was also 
an opinion that acoustic analysis was relatively accurate but not a strong method for 

a b

Stage 2a Stage 2b

Posterior glottis

Anterior glottis

Fig. 23.2 Laryngoscopic photographs of vocal cord abductor impairment on stages 2a and 2b. 
Posterior glottis is still patent, indicating type a (a), while almost closed with a slit-like aperture, 
indicating type b (b). Anterior glottis is closed
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diagnosing OSA [29]. To analyze UAO multidirectionally, DISE is a useful method 
to find the “hidden” obstructive sites when awake. Recently, Arigliani et al. [30] 
introduced an all-in-one machine, which was capable of simultaneously visualizing 
various decisional parameters on a single monitor.

 Pathogenesis of VCAI

The mechanism of VCAI is easier to understand using our see-saw model 
(Fig. 23.3). There are at least five factors causing VCAI: factor 1 for neurogenic 
atrophy of the sole abductor, PCA; factor 2 for delay of the glottic opening at the 
beginning of inspiration; factor 3 for isolated contraction of the tensor (cricothy-
roid muscle, CT); factor 4 for dystonic activity of the adductor (thyroarytenoid 
muscle, TA); and factor 5 for airway-protection reflex of the adductor(s) during 
inspiration [31, 32]. Detailed explanations for each factor follow. Factor 1: neuro-
genic atrophy of PCA drawn as decreased volume in Fig. 23.3 has been reported 
both pathologically [4, 5] and electromyographically [33, 34]. In our pathological 
study on the intrinsic laryngeal muscles (vocal cords abductor, adductor, and tensor 
muscles) taken from 41 autopsied cases of various neurodegenerative disorders, 
eight of the nine cases of MSA showed neurogenic atrophy limited only to 
PCA.  Such a selectivity was not observed in any of other disorders including 
Parkinson’s disease (10 cases), progressive supranuclear palsy (four cases), amyo-
trophic lateral sclerosis (10 cases), and Machado-Joseph disease (four cases) [35]. 
In the latter two disorders, neurogenic changes were extended to all of the three 
muscles. As described before, it remains controversial whether there exists a neu-
ronal loss of the nucleus ambiguus innervating intrinsic laryngeal muscles or not. 
This controversy can be explained partly by the difference of mixing ratio (domi-
nancy) of paralytic component with weakness of the abductor and nonparalytic 
component with dystonia of the adductors. Factor 2: the basic function of PCA is 
to dilate the vocal glottis just prior to the initial phase of inspiration evoked by 
diaphragm contraction in order to prevent upper airway collapse [36]. In MSA, 
contraction onset of PCA is delayed resulting in the laryngeal collapse [25]. Such 
a delayed activity was reported also in the patients with OSAS [37]. Therefore, 
applying positive pressure to the stenotic site (vocal glottis) is a rational approach 
to prevent laryngeal collapse, i.e., CPAP. Factor 3: CT is a glottic tensor stretching 
the vocal cords anteromedially. It could potentially result in more medial position-
ing of the vocal cords in bilateral vocal cord abductor paralysis [38, 39]. That is to 
say, the function of CT depends on the activity of PCA: as an abductor under intact 
PCA, while as an adductor under damaged PCA [40]. Thereby, CT functions as an 
adductor in MSA with VCAI.  Factor 4: several laryngeal electromyographical 
studies showed continuous or inspiratory phasic activity of TA [32, 34, 41–43]. 
Furthermore, Merlo et al. [44] reported the usefulness of botulinum toxin injection 
to TA with subjective improvement and reduced tonic electromyographical activ-
ity. From these reports, laryngeal dystonia was thought to be involved partly in 
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developing VCAI. Such a dystonic action is shown by arrow 4 in Fig. 23.3 as a shift 
of the fulcrum toward adduction. Factor 5: it was reported that inspiratory activity 
of TA disappeared after tracheostomy [31], CPAP [32], or BPAP [43]. For this 
reason, Shiba et al. [31] pointed out the difference in the working mechanism of 
CPAP between pharyngeal obstruction in OSAS and VCAI in MSA. In the former, 
pharyngeal obstruction is relieved by conventional air-splint effect, while in the 
latter VCAI showing paradoxical vocal cord movement caused by reflexive posi-
tive inspiratory activation of adductors, which can be augmented by forced inspira-
tory efforts under dyspneic situation [31, 32]. Bidirectional arrow 5 in Fig. 23.3 
indicates functional disturbance.

In assimilating this see-saw model, there are two important points to note. First, 
these five factors do not always function independently, namely, factors 2 and 3 are 
secondary to factor 1. Factor 5 may be involved partly in factor 4. Second, mixing 
the ratio of paralytic and nonparalytic components changes with disease progres-
sion. It indicates that VCAI can change quantitatively and qualitatively among indi-
vidual patient and even in a single patient. Therefore, some resourceful 
countermeasures are required when a newly appearing obstructive situation occurs. 
Todisco et  al. [41] reported that MSA-P patients predominantly showed a 

Adductors Tensor Abductor
abduction

adduction

Adductors

Tensor

Abductor

adduction

3

2

1

4

5

a

b 

Fig. 23.3 Seesaw model of vocal cord abductor impairment. (a) Seesaw is well-balanced between 
abduction and adduction during quiet breathing. (b) Seesaw inclines toward the adduction during 
inspiration caused by activation of five factors: (1) neurogenic atrophy of the abductor, (2) delay of 
the glottic opening, (3) isolated contraction of the tensor, (4) dystonia of the adductor, and (5) 
airway-protection reflex
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paradoxical burst-like inspiratory activation of TA (dystonia pattern), while MSA-C 
mainly had additional neurogenic findings of vocal cord muscles (dystonia-plus 
pattern).

 Laryngeal Abnormalities Other than VCAI

Supraglottic collapse refers to the condition where laryngeal inlet becomes plugged 
by the epiglottis, arytenoid regions, or both during inspiration. The epiglottis falls 
down to the posterior pharyngeal wall, and arytenoid regions are sucked inward to 
various degrees (Fig. 23.4). The former was named FE or epiglottis collapse, and 
the latter FA or arytenoid collapse. Prolapsing sites in Fig. 23.4c, d are almost con-
fined to bilateral cuneiform tubercles of a small segment of aryepiglottic folds 
(Fig. 23.5). This segment includes the cuneiform cartilage inside, which is anatomi-
cally isolated from arytenoid cartilage. Therefore, it may be unsuitable to call such 

During inspiration During expiration

Floppy
Epiglottis

Floppy
Arytenoid

E

E

PPW PPW

*
*

*
*

a b

c d

Fig. 23.4 Laryngoscopic photographs of supraglottic collapse. Floppy epiglottis: epiglottis (E) 
falls down to the posterior pharyngeal wall (PPW) during inspiration (a), with some airway patency 
during expiration (b). Floppy arytenoid: cuneiform tubercles (✻) are sucked inward during inspira-
tion (c), with some airway patency during expiration (d)

E. Isozaki



405

a phenomenon floppy “arytenoid.” This point was described later from the point of 
view of classification for laryngomalacia (LM). Supraglottic collapse was observed 
in various disorders or conditions. In patients with MSA, we described this as 
“sleep-induced laryngomalacia” due to fiberscopic similarities to LM [45]. Similar 
reports on FE or FA in MSA have been made mainly from Japan [46–48].

FE has been expressed as other terms such as lax, flaccid, or prolapsing epiglot-
tis, reflecting the epiglottic “limber” movements on laryngoscopy. However, floppi-
ness was not confirmed physiologically. Frequencies of FE and FA were reported to 
be 25% and 15% in MSA patients, respectively [46], or 28% and 28% in MSA 
patients presenting with VCAI, respectively [25]. Thus, FE and FA were not as fre-
quent as VCAI but not rare. Thanks to the introduction of DISE, supraglottic struc-
tures, particularly epiglottis, have attracted attention as clinically significant 
obstructive sites in OSAS.  As another laryngeal abnormalities, Ward et  al. [49] 
described “quivering” or “tremulous” movement of arytenoid regions, and subse-
quently similar reports have been made [50–52]. This phenomenon was considered 
a marker of the severity of glottic stenosis [51] or a clinical marker to delineate 
MSA (91.2%) from Parkinson’s disease (no patients) [50, 52]. In addition, they 
reported that the frequency of the irregular arytenoid cartilage movement had no 
correlation with disease duration, patients’ age, or MSA phenotypes [52]. The 
mechanism of this abnormal arytenoid movement remains unknown.

a b

AEF

CuC

CoC

AC

E E

VC

Fig. 23.5 Anatomy of the larynx (SOMSO models). Laryngeal inlet indicated by a broken circle 
in (b) is an oblique and oval-shaped plane separating larynx from pharynx. It consists of upper half 
of epiglottis and succeeding aryepiglottic folds (AEF) containing cuneiform cartilage (CuC) and 
corniculate cartilage (CoC). CuC is apart from CoC belonging to arytenoid cartilage (AC). Vocal 
cord (VC) is seen in the back of laryngeal inlet (a)
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 Supraglottic Collapse and LM

We [25] reported that supraglottic collapse observed in MSA corresponded to any 
of three types in the classification of LM by Olney et  al. [53]. Laryngomalacia 
showing inspiratory inward collapse of supraglottic structures in infants was origi-
nally described in 1942. Similar phenomenon had been already known as congenital 
laryngeal stridor since the late 1800s. From around 1980s on, the concept of LM has 
been gradually extended to older children or adults, and accordingly, they have been 
called various names: acquired LM [54, 55], acquired idiopathic LM [56], late- 
onset LM [57], or adult-onset LM [58, 59]. Etiologies of LM with onset from chil-
dren to adults were considerably heterogeneous and many classifications have been 
made [53, 54, 57–60]. These were roughly divided into two groups based on etiol-
ogy and laryngoscopic findings. Richter et al. [57] classified LM into three catego-
ries: feeding-disordered LM, sleep-disordered LM, and exercise-induced 
LM. Meanwhile, Ferri et al. [58] divided LM into five groups: neurologic, exercise-
induced, postoperative, idiopathic, and age-related LM.  They mentioned that 
patients with neurologic etiology required tracheostomy more often than those with 
other etiologies [58]. These two reports indicated that etiologies for LM varied 
widely. Laryngoscopic classification by Olney et al. [53] has been used frequently, 
particularly in relationship with surgery: type 1 for prolapse of mucosa overlying 
arytenoid cartilages, type 2 for foreshortened aryepiglottic folds, and type 3 for 
posterior displacement of epiglottis. Supraglottic prolapse confined to cuneiform 
tubercle as shown in Fig. 23.4 was almost the same as type 1 LM in Holinger and 
Konior’s classification [60]. They divided LM into 6 types: type 1 for inward col-
lapse of the aryepiglottic folds, primarily cuneiform cartilages, type 2 for a long, 
tubular epiglottis causing obstruction, type 3 for anterior, medial collapse of the 
arytenoid cartilages, type 4 for posterior inspiratory displacement of the epiglottis, 
type 5 for short aryepiglottic folds, and type 6 for an overlay acute angle of the epi-
glottis. While true function of the cuneiform and the corniculate cartilages are 
unknown, they were thought to stiffen the aryepiglottic fold to prevent aspiration 
during swallowing.

The laryngeal inlet is anatomically an oblique and oval-shaped plane separating 
the larynx from pharynx (see Fig. 23.5). It consists of the upper half of the epiglottis 
and succeeding aryepiglottic folds containing cuneiform and corniculate cartilages. 
It appeared that such an oval-shaped laryngeal inlet is easy to be plugged with the 
teardrop-shaped epiglottis to avoid aspiration and to accept enough air flow by 
expanding an inlet area. Therefore, it can be assumed that epiglottic deformities, 
abnormal positions, and abnormal movements may interrupt breathing as well as 
swallowing functions to varying degrees.

 Supraglottic Collapse and OSAS

The main UAO site in OSAS was the upper pharynx including soft palate and lateral 
pharyngeal walls, less often the epiglottis [61]. However, introduction of DISE 
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clarified multilevel obstructions including the epiglottis [62–65]. Frequency of FE 
(epiglottis collapse) in OSAS ranged widely from 12% [66] to 42% [67]. Even in 
patients with upper airway resistance syndrome, which is positioned as a pre-stage 
of OSAS, frequency of FE was 39% [68]. CPAP did not work well or even could 
exacerbate epiglottis collapse in some patients with OSAS [69–71]. On the other 
hand, reports on FA in OSAS were limited. Only Lo et al. [20] reported that the 
frequency of FA (46.7%) was higher than that of FE (23.3%) in the OSAS patients 
and snorers who underwent DISE.

Frequency of multiplicity of UAO in OSAS was reported to be high in various 
degrees; 45% [72], 72% [69], 84% [63], or 96% [73]. The reasons for such a large 
variation might be a difference of sleep depth induced by sedative, a difference of 
interrater reliability on the evaluation of supraglottic collapse [74], and length of the 
observation time with DISE [64]. Hybášková et al. [73] examined the multiplicity 
of UAO in OSAS patients, resulting in 31.4% in two collapsing locations, 47.1% in 
three, and 17.6% in all levels (palatal, oropharyngeal, tongue base, and epiglottis).

Golz et al. [75] mentioned that common pathophysiological mechanisms might 
be involved between LM and OSAS because of the similarity of laryngoscopic find-
ings and equally favorable operation effects in both diseases. Dion et  al. [76] 
reported that abnormal corniculate and cuneiform cartilage motion developed 
supraglottic collapse mimicking LM induced by forceful inspiration in adult patients 
with noisy breathing and dyspnea with exertion. In addition, the following three 
findings may also support the abovementioned hypothesis by Golz et  al. First, 
supraglottic structures were unresponsive or even hazardous to CPAP treatment [66, 
72, 77–79]. Second, supraglottic collapse was often associated with other obstruc-
tive sites. Third, epiglottis showed similar deformities in LM and OSAS. The for-
mer two findings were described before, and here epiglottic deformities were 
described. Omega-shape is a well-known finding in LM, and was found also in 
MSA [25, 48]. However, there is an opinion that it was not always pathognomonic 
[60]. It was reported that the epiglottis can develop some deformities other than 
omega-shape [80]. In the patients with OSAS, two different types of epiglottis were 
reported: a flat type [81] and a type with an increase in the concavity of the posterior 
surface [82, 83]. The etiology was speculated to be degeneration of suspensory 
apparatus of epiglottis in the former [81], while an increased laryngeal pressure cre-
ated by collapsing airway in the latter [82]. Gazayerli et al. [83] reported that epi-
glottis deformity was enhanced with increase of body mass index and improved 
after weight loss. Thus, epiglottis deformity can be either a cause or a result for UAO.

Obstructive sleep apnea syndrome is a heterogeneous disorder and has recently 
been reported to have various subtypes such as rapid eye movement-related OSAS 
[84], sleep-stage-independent OSAS [85], and positional OSAS [86]. In some 
OSAS patients, UAO was relieved by jaw thrust, head turning maneuver [61, 87, 
88], or lateral position changes of the head [70]. Thereby, Vonk et al. [87] mentioned 
the usefulness of the positional therapy in the patients with OSAS presenting with 
epiglottis collapse. Victores et  al. [89] already pointed out that hypopharyngeal 
(tongue base and epiglottis) collapse was the primary site that improved with change 
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in position (positional OSAS). At present, however, there have been almost no 
reports on evaluating the effect of jaw thrust or head turning on UAO, particularly 
supraglottic collapse in MSA patients.

 Treatments

Respiratory disturbance in MSA is caused by both UAO characterized by multiplic-
ity in space and time and CRD with various combinations. Of therapeutic impor-
tance is how we manage such intermingled and changeable situations.

 Treatment for VCAI

Tracheostomy has been exclusively performed for VCAI in patients with MSA [3, 
17, 90]. After introduction of CPAP, however, many reports have shown the effec-
tiveness of CPAP for VCAI [91–95] because of the simplicity and less invasiveness. 
Figure 23.6 shows an air-splint effect by CPAP in an MSA patient with VCAI of 
stage 2a. In this patient, glottic space became slightly wider in the posterior and a 
part of the anterior glottis. However, some MSA patients do not respond to 
CPAP. Silver and Levine [93] alerted that CPAP was not effective in preventing 
death, and that CPAP did not appear to have an impact on outcome of stridor. Iranzo 
[96] reported that patients might still benefit from tracheostomy if daytime stridor 
appeared or CPAP was not tolerated or failed to abolish nocturnal stridor. Moreover, 
Chitose et al. [97] reported an MSA patient presenting with severe VCAI with lim-
ited effect from CPAP, resulting in successful laser arytenoidectomy. Our previous 
study using an artificial vocal cord model showed that CPAP was effective for the 

Before CPAP After CPAP (10 cmH2O)

a b

Fig. 23.6 Effect of CPAP on vocal cord abductor impairment with stage 2a. Posterior glottis 
showing some space (a) dilates after CPAP with 10 cm H2O (b)
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model simulating mild to moderately severe VCAI, but ineffective for severe VCAI 
with midline position of vocal cords [98]. Even if severe VCAI could be relieved by 
high positive pressure, it might be not available practically because of the intoler-
ance or risk of lung injury.

There are several hurdles to clear in the managements on NPPV therapy: when 
an airway-keeping device including tracheostomy or NPPV should be introduced, 
what kind of device is preferable, and how re-evaluation after first treatment (for 
example, CPAP) is performed. It is not yet clear when an airway-keeping device 
should be introduced. The ideal time for therapeutic intervention is not too early and 
not too late. To approach an optimal point, several viewpoints should be taken into 
consideration, which were dominancy (mixing ratio) of paralytic and nonparalytic 
components, severity of dysphagia, degrees of coexistent CRD, and general condi-
tion of the patient. Kimura et al. [99] reported that the aggravation of dysphasia was 
an important index in judging the indication for tracheostomy in MSA patients with 
VCAI. We thought that stage 2b was optimal in performing tracheostomy [17, 25]. 
Stage 2b was a moderately severe VCAI where posterior glottis in addition to ante-
rior glottis became narrow enough to induce vocal cord vibration during inspiration, 
namely inspiratory stridor (see Fig.  23.2b). In addition, following two situations 
may be also helpful to decide the time for introducing an airway-keeping device. 
One was an appearance of diurnal stridor and the other was an increase of the index 
T90 showing the severity of nocturnal hypoxemia. Since diurnal stridor has been 
known to develop in the advanced stage of VCAI, it has been thought to become an 
indicator to apply tracheostomy or NPPV [93, 96]. T90 means the percentage of 
sleep time spent at less than 90% of SpO2 and has been frequently used as one of the 
parameters for the severity of OSAS. From our previous study, T90 seemed to be 
one of the useful parameters to perform tracheostomy when it reached nearly 20% 
in MSA patients with VCAI [25].

It remains unresolved whether or not CPAP is effective for VCAI despite the 
dominance of paralytic and nonparalytic components. Treatments for VCAI except 
for tracheostomy and CPAP included microscopic laryngosurgeries and botulinum 
toxin injection to vocal cord adductors. Many microsurgeries have been performed 
in the various disorders with VCAI. However, there were only four patients limited 
to MSA until now [97, 100–102]. Arytenoidectomy was effective in all four patients, 
with varying rationales for surgery: insufficient effect of previous CPAP [97], 
patient’s refusal of CPAP and tracheostomy [101], patient’s request for performing 
arytenoidectomy and posterior cordotomy together [102], and an alternative option 
after unsuccessful laterofixation [100]. Among them, Mahmud et al. [102] empha-
sized the advantage of their surgical procedure avoiding transient postoperative tra-
cheostomy for laryngeal edema. At present, laryngomicrosurgery in MSA should be 
viewed as investigational.

With regard to treatment with botulinum toxin injections, only one MSA patient 
has been reported [44], although this treatment is widely performed in the patients 
with laryngeal dystonia including adductor breathing dystonia [103]. Botulinum 
toxin injection seems to be effective if VCAI is caused predominantly by nonpara-
lytic (dystonic) components, defined by laryngeal electromyography. As with 
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botulinum toxin injection treatment, it is not clear whether CPAP is also effective 
for both types of VCAI.

 Treatment for FE and FA

Though FE and FA are not uncommon in MSA, there are only a few reports on 
treatments. According to Shimohata et al. [104], no obvious improvements were 
observed in three patients with severe FE, while in nine of patients with mild FE, 
two caused severe FE and the remaining seven improved by CPAP. Sakuta et al. 
[48] reported a patient with MSA under auto-CPAP for OSAS who developed 
dyspnea because of newly appearing VCAI and FA, resulting in an improvement 
with tracheostomy. This report is instructive in that the second therapeutic inter-
vention with tracheostomy was required in the follow-up to CPAP treatment. 
Dedhia et al. [77] mentioned that primary epiglottis obstruction occurred in 15% 
of patients with OSAS who were unable to tolerate CPAP, and that head and neck 
cancer and MSA were two entities with high rates of obstructive sleep apnea due 
in part to laryngeal abnormalities. Moreover, Andersen et al. [105] reported that 
an OSAS patient initiated by lax epiglottis had a feeling “of being suffocated” 
immediately after application of CPAP, and that CPAP was a contraindication in 
the setting of a lax epiglottis. Collapsibility of the tongue base and epiglottis were 
reported to be significantly resistant to CPAP, which was overcome by increasing 
to 15 cmH2O [71].

Figure 23.7 shows a treatment strategy for a representative MSA patient, who 
was assumed to develop VCAI at first, then FE or FA, and finally CRD. CPAP is 
preferable when VCAI is mild (stage 1) to moderately severe (stage 2a), while 
tracheostomy should be considered in later stages (stage 2b or more) [25]. Careful 
attention should be paid when inspiratory stridor becomes audible again despite 
CPAP. In such a situation, two background factors were considered: progression 
of VCAI as described above, and presence of newly appearing supraglottic col-
lapse (FE and FA). FE and FA are often unresponsive to CPAP [71], resulting in 
tracheostomy. However, some MSA patients with supraglottic collapse (FE) are 
known to respond to CPAP [104]. Unfortunately, it is difficult to predict the dif-
ference between a CPAP responder and a CPAP non-responder. When CRD is 
added to mild to moderately severe VCAI, BPAP or ASV is applied. When trache-
ostomy was already performed because of the preceding severe VCAI or supra-
glottic collapse, TPPV is required if applicable. ASV has been recommended for 
complex SAS that is one of the OSAS types, and is strongly connected to CPAP 
failure.

Considering the difficulty in predicting new situations, it may be unavoidable to 
introduce CPAP as a back-up, rather than conventional CPAP as an initial therapeu-
tic intervention. Direct visualization of obstructive sites and their response to posi-
tive pressure, that is, DISE with CPAP/BPAP, is useful in choosing an airway-keeping 
device. Civelek et  al. [106] compared conventional CPAP titration and 
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DISE- assisted CPAP titration, with no significant differences between them. An 
important point on the respiratory management is that careful follow-up with timely 
and indispensable examinations after initial treatment with CPAP or tracheostomy 
is critically important.

 CPAP Failure

The term “CPAP failure” has been used in respiratory management for OSAS 
patients or neonates with severe respiratory failure. According to Braganza et al. 
[107], it is a situation with persistent obstructive sleep apnea, hypoxemia 
(SpO2 < 85%) or hypercapnia despite maximal CPAP. Such a CPAP non-responder 
group occupied about 9% [108] or 13% [109] of OSAS patients. It is empirically 
known that some MSA patients also did not respond to CPAP. Several factors may 
predict CPAP failure in OSAS: T90 value more than 43.5% [110], high body mass 
index [110], awake SpO2 less than 94% [107], and PaO2 less than 68 mmHg [107]. 
Dieleman et al. [62], who examined 30 patients with OSAS with CPAP failure by 
DISE, reported that 27% of them had FE requiring some additional therapy. 
Multilevel obstructions have been identified in OSAS patients, resulting in the need 

Floppy Epiglottis
Floppy Arytenoid

Vocal Cord Abductor
Impairment

Central
Respiratory
Disturbance

T

TCPAP

BPAP.ASV

BPAP.ASV.TPPV

TPPV

Fig. 23.7 Treatment strategy for a representative MSA patient. Treatments are performed accord-
ing to both sites, severity, and multiplicity of upper airway obstruction and central respiratory 
disturbance with various combinations. BPAP and CPAP, bilevel and continuous positive airway 
pressure, respectively, T tracheostomy, ASV adaptive servo-ventilation, TPPV tracheostomized 
positive pressure ventilation
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for multi-dimensional surgery on soft tissue, skeletal, and bariatric operations [111]. 
Various less invasive and elaborate surgical operations have been performed, with 
favorable outcomes [70, 80]. Treatments for CPAP failure other than surgical proce-
dures include mandibular advancement and electrical stimulation of the peripheral 
nerve innervating upper airway muscles such as the genioglossus muscle [112].

Studies on CPAP failure in MSA have just begun. There were some differences 
and some similarities in CPAP failure between MSA and OSAS. Common points 
were multiplicity of UAO and complex SAS. However, combination of multiplicity 
was different between them. The most common site of collapse in the upper airway 
(soft palate, oropharyngeal region, tongue base, and epiglottis) was the soft palate 
(98%) and the most common combination of multilevel collapse was that of palatal 
+ oropharyngeal + tongue base (33.3%), followed by that of palatal + oropharyn-
geal region (23.5%) in 51 patients with OSAS who underwent DISE [73]. In con-
trast, there have been no reports with analysis for combination of multilevel 
obstruction in MSA. However, the larynx (vocal cord and supraglottic structures) is 
clinically the most significant obstructive site in this disorder.

 Combination with UAO and CRD

Respiratory disturbance in MSA is caused mainly by two mechanisms of UAO and 
CRD.  Clinical symptoms develop as a result from mutual interactions between 
them. This is an important point, as optimal treatment reflects variable mixing of 
paralytic and nonparalytic components. There are several reports of MSA patients 
who developed sudden death despite tracheostomy or NPPV [10, 93]. Causes for 
sudden death were thought to be CRD including CSAS, central respiratory dys-
rhythmia, complex SAS, and impaired chemosensitivity to hypoxemia [113]. 
Several reports have looked for lesions for CRD, including the nucleus ambiguus 
[4–6], pre-Bötzinger complex, medullary serotonergic neurons [114], medullary 
raphe, and parabrachial nuclear complex [115].

Involvement of CRD in MSA has been suggested since the 1980s [5, 14]. In 
2000, Silber and Levine [93] recommended consideration of tracheostomy for MSA 
patients with stridor, but also assessment for central hypoventilation and appropriate 
management due to deaths after tracheostomy. Iranzo et al. [116] reported that the 
severity of motor impairment at the initiation of treatment appeared to be the most 
significant limiting factor for CPAP long-term acceptance. On the other hand, a 
concept of complex SAS was advocated by Morgenthaler et al. in 2006 [117] they 
proposed inclusion and exclusion criteria, revised in 2014 [118]. Respiratory distur-
bances suggestive of a strong connection between UAO and CRD have been 
reported. Suzuki et al. [119], reported the first case of MSA presenting with com-
plex sleep-disordered breathing (complex SAS), and called attention to the recogni-
tion of “central apnea in disguise” – disappearance of stridor was not the sole goal 
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of MSA therapy. Hamada et al. [120] reported MSA patients with multiple sleep- 
related disorder symptoms such as stridor, apnea, and hypoventilation, who failed 
CPAP treatment because of the development of hypercapnia but responded well to 
advanced adaptive servo-ventilation (ASV). Advanced ASV is one of the NPPV 
instruments, functioning by changing both expiratory positive airway pressure 
(EPAP) and pressure support automatically [121]: as an auto-CPAP machine when 
in sufficient ventilation and as a pressure support machine in hypoventilation [120]. 
This instrument was originally developed for patients with cardiac failure associ-
ated with Cheyne-Stokes respiration. Since then, application of ASV has been grad-
ually extended to patients with sleep-disordered breathing from various diseases 
including neuromuscular disorders requiring ventilatory support. However, there 
are only a few reports of patients with MSA who underwent ASV.

A significant problem is how the obstructive sites causing VCAI, FE, or FA 
respond to EPAP and pressure support. Our previous study using an artificial vocal 
cord model showed that there exists a threshold in setting-up the optimal EPAP to 
release the paradoxical vocal cords movement. Therefore, when respiratory mode is 
required to change from CPAP to BPAP because of additional CRD, EPAP should 
be set in excess of individual patient-specific thresholds before setting pressure sup-
port [98]. Rekik et al. [122] proposed a tailored management of stridor in MSA: 
fixed CPAP when stridor was isolated, auto-adjusting CPAP when it was combined 
with obstructive sleep apnea, and ASV when combined with central sleep apnea.

As has been described thus far, MSA shows widely extended respiratory distur-
bances in the UAO diversity, CRD diversity, and functional diversity straddling over 
UAO and CRD. In addition, CPAP can be a double-edged sword for UAO, particu-
larly FE. Thereby, logical therapeutic strategies with less invasive and sophisticated 
devices for entangled respiratory disturbances in MSA are needed.

 Conclusion

Respiratory disturbances in MSA derive from both upper airway obstruction and 
involvement of central respiratory centers. Vocal cord abductor impairment is 
caused by five factors based on paralytic and nonparalytic components. Upper air-
way obstruction accompanied by dynamic changes with progression results in the 
quantitative and qualitatively diverse findings among individual patient and even in 
a single patient. There is a clear need for prediction and comprehensive treatments 
of respiratory disturbance in MSA.
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 Patient Vignettes

 Patient 1

A 6-year-old girl with gait disturbance was introduced by an orthopedist in 1990, 
before the discovery of causative genes in dopa-responsive dystonia (DRD). 
Although early motor development was normal, she had Trendelenburg’s symptoms 
due to a congenital dislocation of the left hip (acetabular dysplasia). In addition, she 
developed flexion-inversion of the left foot at age 3, which became aggravated 
toward the evening and was alleviated in the morning after sleep. Her postural dys-
tonia spread to other limbs within 3 years but was more pronounced in the legs. 
Neurologic examination also revealed symmetric hyperreflexia without extensor 
plantar responses, and rigid hypertonicity in the legs. Investigations, including cop-
per metabolism and brain MRI, were normal. Therapeutic trials with levodopa and 
tetrahydrobiopterin (BH4; the cofactor for tyrosine hydroxylase [TH]) were consid-
ered, and a lumbar puncture was performed to measure CSF pterins. She 
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remarkably responded to low doses of levodopa but not to acute BH4 administra-
tion. After increasing the dosage of levodopa (20 mg/kg/day, without a decarboxyl-
ase inhibitor [DCI]) and undergoing an operation (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 last year. She also describes that she has developed a tremor involving her 
right arm in the last few months. She manifested her dystonic posturing (in-turning) 
at age 7, 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 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 CT and copper metabolism studies. She was successfully 
switched from trihexyphenidyl to levodopa with a DCI and has had no dystonia or 
parkinsonism on examination. The clinical diagnosis of DRD was confirmed by 
genetic analysis [3].

 Introduction

DRD is a clinical syndrome characterized by childhood-onset dystonia and a dra-
matic and sustained response to low doses of levodopa [4–7]. This clinical syn-
drome typically presents with gait disturbance due to foot dystonia, later development 
of some parkinsonian features, and diurnal fluctuation of symptoms (worsening of 
symptoms toward the evening and their alleviation in the morning after sleep) 
(Table  24.1). In general, the sustained levodopa responsiveness without motor 
adverse effects of chronic levodopa therapy (motor response fluctuations and dopa-
induced dyskinesias) distinguishes DRD from early-onset parkinsonism/early-onset 
Parkinson’s disease (EOPD) with dystonia [2, 8, 9]. Because patients with DRD 
respond 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.

There are three known causative loci for DRD (locus heterogeneity): (1) the 
GCH1 gene on chromosome 14q22.1-q22.2, which encodes GTP cyclohydrolase 1 
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(GTPCH1), the rate-limiting enzyme in the biosynthetic pathway for BH4; (2) the 
TH gene on 11p15.5, coding for the enzyme TH that catalyzes the rate-limiting step 
in catecholamine biosynthesis; and (3) the SPR gene on 2p14-p12, encoding 
sepiapterin reductase (SR), which is involved in the last step (a two-step reduction) 
in cofactor BH4 biosynthesis (Fig.  24.1) [9–15]. Many patients with DRD have 
demonstrated dominantly inherited GCH1 mutations (GTPCH1-deficient DRD 
[DYT5a; DYT-GCH1]; the major form of DRD), whereas a relatively small number 
of DRD patients have shown recessively inherited TH mutations (TH-deficient 
DRD [DYT5b; DYT-TH]; the mild form of TH deficiency) or SPR mutations 
(SR-deficient DRD [DYT-SPR]; the very mild form of SR deficiency) [9, 11, 12, 
15–20]. Because no mutations in either GCH1, TH, or SPR have been identified in 
some patients with DRD, a therapeutic trial with low-dose levodopa is still impor-
tant practical approach to the diagnosis of this treatable disorder. Since clinical sus-
picion is a key to the diagnosis, physicians should know not only the classic 
phenotype of GTPCH1-, TH-, and SR-deficient DRD but also the broad phenotypic 
spectrum in GTPCH1, TH, and SR deficiencies.

 Any pediatric patient diagnosed with dystonia without clear etiology 
should receive an observed trial of levodopa to rule out DRD.

This chapter summarizes clinical characteristics in DRD and related disorders 
and recent advances in the genetics and biochemistry of these disorders.

Table 24.1 Clinical features of classic dopa-responsive dystonia (DRD)

1.  Onset generally in childhood following normal early motor development
2.  Onset of dystonia in a limb, typically foot dystonia resulting in gait disturbance
3.  Later development of some parkinsonian features; tremor is mainly postural
4.  Presence of brisk deep-tendon reflexes in the legs, ankle clonus, and/or the striatal toea in 

many patients
5.  Characteristic diurnal fluctuation of symptoms (aggravation of symptoms toward the 

evening and their alleviation in the morning after sleep); the magnitude of diurnal 
fluctuation is variable and usually attenuates with age and disease progression

6.  Gradual progression to generalized dystonia, typically more pronounced dystonia in the 
legs throughout the disease course

7.  A dramatic and sustained response (complete or near-complete responsiveness of 
symptoms) to low doses of levodopa

8.  Maximum benefit is generally achieved by less than 300–400 mg/dayb of levodopa with a 
decarboxylase inhibitor

9.  Typically, absence of motor adverse effects of chronic levodopa therapy (motor response 
fluctuations and dopa-induced dyskinesias) under optimal doses of levodopa

10.  Female predominance of clinically affected individuals in autosomal dominant GTPCH1-
deficient DRD (the major form of DRD)

GTPCH1 GTP cyclohydrolase 1
aDystonic extension of the big toe, which may be misinterpreted as a Babinski response (see 
“Clinical Observations” in the text)
bSee “Treatment” in the text

24 Dopa-Responsive Dystonia and Related Disorders



424

 Clinical Observations

 Classic DRD

In 1971, Segawa et al. [21] and Castaigne et al. [22] independently reported clinical 
characteristics of one family each with DRD, which they called at that time “heredi-
tary 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 GTPCH1 defi-
ciency and the latter had autosomal recessive TH deficiency [11, 23, 24]. In both 
families, a dramatic and sustained response to low doses of levodopa without motor 
side effects during chronic levodopa treatment had been confirmed [5, 21–26].

In patients with classic DRD, there is no abnormality in the perinatal and postna-
tal period (see Table 24.1). Early motor development (e.g., sitting and crawling) is 
generally normal. The average age of onset of typical DRD is approximately 6 years 
[5, 6]. Initial symptoms in most patients with childhood-onset DRD are gait 
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Fig. 24.1 Biosynthesis and regeneration of tetrahydrobiopterin (BH4) and BH4-dependent 
hydroxylation of aromatic amino acids. AADC aromatic amino acid decarboxylase, AR aldose 
reductase, CR carbonyl reductase, DHFR dihydrofolate reductase, DHPR dihydropteridine reduc-
tase, GTPCH1 GTP cyclohydrolase 1, PAH phenylalanine hydroxylase, PCD pterin-4a-carbinol-
amine dehydratase, Phe phenylalanine, PTPS 6-pyruvoyltetrahydropterin synthase, SR sepiapterin 
reductase, TH tyrosine hydroxylase, TPH tryptophan hydroxylase, Trp tryptophan, Tyr tyrosine, 
1’-oxo-TP 2’-hydroxy-1’-oxopropyltetrahydrobiopterin, 2’-oxo-TP 1’-hydroxy-2’-oxopropyltet-
rahydrobiopterin, 5-OH-Trp 5-hydroxytryptophan
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difficulty due to dystonia in the leg, typically flexion-inversion of the foot (talipes 
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 neurologic examination, in addition 
to dystonic and parkinsonian elements, some clinical findings suggestive of pyrami-
dal signs in the lower extremities (brisk deep-tendon reflexes, ankle clonus, spastic-
ity, and/or [intermittent] extensor plantar responses) are detected in many patients. 
Normal efferent corticospinal activity using magnetoelectrical stimulation of motor 
cortex has suggested a nonpyramidal basis for these findings [27]. Dystonic exten-
sion of the big toe in DRD (the striatal toe [28]), which occurs spontaneously or is 
induced by plantar stimulation, may be misinterpreted as an extensor plantar 
response. Typical diurnal fluctuation of symptoms (aggravation of symptoms toward 
the evening and alleviation of symptoms in the morning after sleep) occurs in 
approximately 80% of patients. The magnitude of diurnal fluctuation generally 
attenuates with age and disease progression.

 Diurnal fluctuation is characteristic of DRD. The degree of fluctua-
tion is variable, with some patients being normal in the morning and others being 
only less severely affected in the morning compared to later in the day. Some cases 
only show exercise-induced exacerbation or manifestation of dystonia, or complain 
of prominent stiffness and fatigue after exercise.

A predominance of clinically affected females is observed in autosomal domi-
nant DRD. The female-to-male ratio has been reported to be 1.3:1–8.3:1 [5, 6, 24, 
29–32]. Estimates suggest that DRD is recognized worldwide and the prevalence in 
both England and Japan is 0.5 per million and that 5–10% of dystonia patients in 
childhood or adolescence have DRD [4, 28]. Recently, however, Dobričić et al. [32] 
have reported that the prevalence of GTPCH1-deficient DRD in Serbia was 2.96 per 
million; there was no evidence for a common founder, but haplotype analysis indi-
cated that some of the patients had common ancestors. Generally, the severity of 
gait disturbance and dystonia in adolescent-onset cases is milder than that in child-
hood-onset cases. Patients with adolescent-onset DRD seldom develop severe gen-
eralized dystonia. However, dystonia in female patients can be markedly exacerbated 
after taking oral contraceptives [29, 33, 34]. Teenage-onset patients with slow pro-
gression may become more symptomatic in mid-adulthood due to development of 
overt parkinsonian features [35]. In general, there are no intellectual, cerebellar, 
sensory, or autonomic disturbances in classic DRD patients.
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 Phenotypic Heterogeneity

The following wide range of symptoms and signs has been reported in DRD fami-
lies, especially in those associated with dominantly inherited GCH1 mutations.

 Adult-Onset Parkinsonism

There are two types of adult-onset parkinsonism, “benign” parkinsonism and “neu-
rodegenerative” parkinsonism, in GTPCH1-deficient DRD pedigrees [36]. 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 resting tremor, in 
mid- or late adulthood [10, 37, 38]. Cases with “benign” parkinsonism due to het-
erozygous GCH1 mutations markedly respond to low doses of levodopa and remain 
functionally normal for a long period of time without developing motor response 
fluctuations, freezing episodes, or dopa-induced dyskinesias under optimal doses of 
levodopa [29, 39–44]. An age-related decline of striatal biopterin during adulthood 
could contribute to this parkinsonian phenotype [16, 45]. Positron emission tomog-
raphy (PET) and single-photon emission computed tomography (SPECT) investiga-
tions using presynaptic dopaminergic markers demonstrated normal results in 
“benign” parkinsonism [38, 46–51]. In some GTPCH1-deficient DRD pedigrees, 
patients with “neurodegenerative” parkinsonism or dystonia-parkinsonism associ-
ated with GCH1 pathogenic variants have been found, and in contrast to observa-
tions in “benign” parkinsonism, these patients demonstrated abnormal 18F-fluorodopa 
PET or dopamine transporter (DAT) SPECT imaging [49, 50, 52–57]. Investigations 
on GCH1, including genome-wide association studies, have highlighted this gene as 
a low-risk susceptibility locus for Parkinson’s disease (PD) [57–61].

Follow-Up of the Patient in the Second Vignette The proband (patient 2) in the 
second vignette [3] later developed motor adverse effects of chronic levodopa ther-
apy, severe wearing off, and dopa-induced dyskinesias, which necessitated bilateral 
globus pallidus internus deep brain stimulation treatment. Although we have not 
performed DAT imaging on her, this patient could have “neurodegenerative” dysto-
nia-parkinsonism associated with a GCH1 mutation.

 DRD Simulating Cerebral Palsy or Spastic Paraplegia

There were DRD patients 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 [40, 43, 62–66]. As mentioned, a nonpyramidal basis for these findings 
in DRD has been suggested [27]. An extensor plantar response observed in DRD 
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often disappears after starting levodopa administration, suggesting that the previous 
finding may be a dystonic phenomenon (the striatal toe) rather than a Babinski 
response. Mutations in GCH1, TH, and SPR have been identified in patients with 
DRD simulating cerebral palsy (including other forms) or spastic paraplegia [19, 
20, 40, 43, 64–69]. Thus, although the differential diagnosis of cerebral palsy and of 
spastic paraplegia should include DRD, this appears to be still underappreciated.

 Various Types of Focal Dystonia

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 gui-
tarist’s cramp) and spontaneous remission of dystonia and/or parkinsonism (some-
times with a relapse in the later course of illness) [29, 39, 40, 70–73]. However, in 
our experience, pure writer’s cramp and isolated scoliosis were not always associ-
ated with GCH1 mutations found in the probands with the classic phenotype [16, 
43, 74].

 Other Involuntary Movements

In rare instances, exaggerated startle responses, involuntary jerky movements, or 
cerebellar signs were observed in GTPCH-deficient DRD [75–77]. Leuzzi et  al. 
[76] reported a GTPCH1-deficient DRD patient who showed delayed attainment of 
early motor milestones and myoclonus-dystonia responding to levodopa; myoclo-
nus-dystonia as a phenotype of GTPCH1-deficient DRD was recognized only in 
this case [13, 31, 78].

 Non-motor Symptoms

In GTPCH1-deficient DRD, conflicting results have been reported on non-motor symp-
toms. Psychiatric and behavioral symptoms (depressive disorders, panic attacks, obses-
sive-compulsive disorder, etc.), sleep disorders, migraine, and/or restless legs syndrome 
were found in some families with GCH1-associated DRD [24, 29, 75, 79, 80]. Antelmi 
et al. [81] analyzed published data on non-motor symptoms in patients with “GTPCH1-
deficient DRD” and stated that overt non-motor symptoms would suggest a diagnosis of 
“DRD plus” diseases (other neurotransmitter disorders that may sometimes mimic 
DRD) rather than of GTPCH1-deficient DRD. Tadic et al. [82] described that 6 of their 
23 cases with GTPCH1-deficient DRD reported 1 or more non-motor symptoms includ-
ing depression, anxiety, or migraine. However, a more recent investigation by the same 
researchers (a case-control study using levodopa-treated cases) did not confirm an 
increased frequency of non-motor symptoms [83]. Recently, Timmers et al. [84] have 
found a higher lifetime prevalence of psychiatric disorders and daytime sleepiness in 
adults but not in children with GTPCH1-deficient DRD.
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 Molecular Genetics

 GTPCH1-Deficient DRD

The enzyme GTPCH1 is encoded by a single copy gene, GCH1, which is composed 
of six exons spanning approximately 30 kilobases [85]. This enzyme catalyzes the 
rate-limiting step in the biosynthetic pathway for BH4 (see Fig. 24.1). BH4 is the 
natural cofactor not only for TH but also for phenylalanine hydroxylase (PAH) and 
tryptophan hydroxylase (TPH), and most patients with autosomal recessive 
GTPCH1 deficiency (usually homozygotes) have BH4-dependent hyperphenylal-
aninemia (HPA) and severe neurologic dysfunction [85–88]. In contrast to these 
patients, GTPCH1-deficient DRD patients (usually heterozygotes) never develop 
HPA.  There is another phenotype of GTPCH1 deficiency, dystonia with motor 
delay, associated with compound heterozygosity or rarely homozygosity for GCH1 
mutations [29, 33, 42, 89–94]. In patients with these GTPCH1 deficiencies (i.e., 
GTPCH1-deficient DRD [mild], dystonia with motor delay [moderate], and 
GTPCH1-deficient HPA [severe]), more than 250 GCH1 mutations have been 
reported [9]. Penetrance in patients with GTPCH1-deficient DRD was reported to 
be higher in females than in males (87% vs. 38% [30]), indicating gender-related 
incomplete penetrance; similar rates have been confirmed in this autosomal domi-
nant disorder (87% vs. 35% [24]). No clear correlations between specific clinical 
features and types of GCH1 mutations have been established in GTPCH1-
deficient DRD.

In reports on DRD, in which sequence analysis of GCH1 was conducted in a 
relatively large number of families, mutations in the coding region (including the 
splice sites) of this gene were found in approximately 60% of pedigrees with DRD 
[95]; the GCH1 mutation detection rate by this sequence analysis ranged from 20% 
[96] to 80% [16, 24, 97]. For GCH1 “coding region mutation-negative” DRD fami-
lies, possible explanations (as suggested previously [7, 16, 95]) are the following: 
(1) a large genomic deletion in GCH1 [3, 14, 32, 44, 66, 72, 97–102] or an intra-
genic duplication [75] or inversion of GCH1; (2) a mutation in noncoding regula-
tory regions of GCH1 [40, 66, 70, 90, 103–105]; (3) a recessively inherited mutation 
in TH or SPR (see below); 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 GTPCH1 and can modify the enzyme function. Since our first 
report of a large heterozygous GCH1 deletion in the four-generation DRD family 
(shown in “Patient Vignettes”) [3], a variety of methods, including multiplex liga-
tion-dependent probe amplification, have been used to detect a GCH1 exon dele-
tion/duplication; mutation detection rate by gene-targeted deletion/duplication 
analysis ranged from 0% [106, 107] to 38% [44]. A large genomic deletion in GCH1 
is an important subtype, and deletion/duplication analysis should be conducted in 
all of the patients with GCH1 coding region mutation-negative DRD; in fact, after 
conducting additional GCH1 analysis, Furukawa [95], Hagenah et al. [97], and Clot 
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et al. [66] found GCH1 mutations in 80–90% of their DRD pedigrees. When Wider 
et  al. [14] restudied a Swiss family with DRD, which Grötzsch et  al. [108] had 
mapped to locus named DYT14 on chromosome 14q13 (outside the GCH1 gene on 
14q22.1-q22.2 [11]), a heterozygous deletion of exons 3–6 of GCH1 was identified.

 Approximately 13% of genetically confirmed probands with 
GTPCH1-deficient DRD had GCH1 variants (exon or whole-gene deletions/dupli-
cations) detected by deletion/duplication analysis [9]; thus, if sequence analysis 
(including whole-exome sequencing) is not diagnostic, gene-targeted deletion/
duplication analysis (e.g., multiplex ligation-dependent probe amplification) or 
comprehensive genomic deletion/duplication analysis (e.g., exome array) should be 
conducted.

 TH-Deficient DRD

Human TH consists of 14 exons spanning approximately 8.5 kilobases [19, 95]. The 
enzyme TH, a BH4-dependent monooxygenase, catalyzes the rate-limiting step in 
catecholamine biosynthesis (see Fig. 24.1). TH deficiency is associated with a wide 
phenotypic spectrum. Based on the severity of symptoms and signs as well as 
responsiveness to levodopa therapy, the clinical phenotypes can be classified into 
TH-deficient DRD (mild form), TH-deficient infantile parkinsonism with motor 
delay (severe form), and TH-deficient progressive infantile encephalopathy (very 
severe form) [19]. More than 20 patients with genetically confirmed TH-deficient 
DRD have been reported [12, 17, 22, 23, 26, 64, 106, 109–120]. In these patients, 
early psychomotor development is normal, and onset of symptoms is usually 
between ages 12 months and 12 years. Intellect is generally not impaired in patients 
with TH-deficient DRD; of note, Schiller et al. [109] have reported a TH-deficient 
DRD case with mild cognitive impairment due to infantile rhesus incompatibility. 
In rare instances, sustained upward ocular deviations (oculogyric crises) are 
observed. Typical diurnal fluctuation of symptoms has been reported in approxi-
mately one third of patients with TH-deficient DRD (a much lower incidence than 
recognized in GTPCH1-deficient DRD). In contrast to GTPCH1-deficient DRD 
[24, 30, 39], female predominance is not a clinical characteristic in TH-deficient 
DRD [19, 95]. A dramatic and sustained response to low doses of levodopa without 
any motor adverse effects for more than 30 years has been confirmed in TH-deficient 
DRD patients [23, 109, 121], including two affected brothers originally reported by 
Castaigne et al. [22]. In a family with TH-deficient DRD, the mutated recombinant 
enzyme showed approximately 15% of specific activity compared with the wild 
type in a coupled in vitro transcription-translation assay system [12, 112].

There have been some reports of adult-onset DRD patients associated with TH 
mutations [122, 123]. Bally et al. [123] have described a “heterozygote” for a TH 
pathogenic variant (c.296del [p.Leu99Argfs*15]) who developed DRD at age 
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38 years. Interestingly, the same TH deletion was previously found in a boy with 
DRD (compound heterozygote) and in his father with exercise-induced stiffness 
responding to levodopa (heterozygote) [64]. It has been suggested that a subtle phe-
notypic effect in heterozygotes for autosomal recessive disorders may be more com-
mon than is generally considered [64, 124].

 SR-Deficient DRD

The very mild form of autosomal recessive SR deficiency is a rare cause of DRD [9, 
18, 20]. The human dimeric enzyme SR is encoded by SPR which consists of three 
exons [87]. Arrabal et al. [18] reported one family with a strikingly mild phenotype 
(without motor and cognitive delay) of SR deficiency associated with compound 
heterozygosity for SPR pathogenic variants; one was a missense mutation, and the 
other was a partially penetrant splicing mutation. Even in this pedigree with 
SR-deficient DRD, an affected family member showed decreased levels of the neu-
rotransmitter metabolites homovanillic acid (HVA) and 5-hydroxyindoleacetic acid 
(5-HIAA) in CSF. Levodopa and 5-hydroxytryptophan were administered for the 
affected individual, but 5-hydroxytryptophan was not tolerated. Other cases with 
recessively inherited SR deficiency usually develop more severe symptoms [67, 
125–130].

Recently, Shalash et al. [131] have reported a rare heterozygous SPR mutation as 
a cause of autosomal dominant SR-deficient DRD with incomplete penetrance and 
a common heterozygous variant in the dihydrofolate reductase gene (DHFR) as a 
potential modifier, affecting the penetrance of the pathogenic SPR variant; the pres-
ence of another case with DRD due to dominantly inherited SR deficiency was sug-
gested previously [132].

 Genetically Related Disorders

 Severe GTPCH1 Deficiency (GTPCH1-Deficient HPA)

Patients with autosomal recessive GTPCH1 deficiency generally develop BH4-
dependent HPA in the first 6 months of life [85–88, 95]. There was no detectable 
GTPCH1 activity in liver biopsy specimens in cases with GTPCH1-deficient 
HPA. This disorder presents with severe dysfunction, including convulsions, mental 
retardation, swallowing difficulties, developmental motor delay, truncal hypotonia, 
limb hypertonia, involuntary movements, and autonomic symptoms. In the first 
report of recessively inherited GTPCH1 deficiency by Niederwieser et  al. [86], 
hyperreflexia with an extensor plantar response was also described. In contrast to 
dominantly inherited GTPCH1-deficient DRD patients, administration of levodopa, 
5-hydroxytryptophan, and BH4 is necessary for recessively inherited GTPCH1-
deficient HPA patients [7, 86, 87].
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 Moderate GTPCH1 Deficiency (Dystonia with Motor Delay)

A phenotype of GTPCH1 deficiency (dystonia with motor delay), which is clini-
cally and biochemically intermediate between GTPCH1-deficient DRD (mild) and 
GTPCH1-deficient HPA (severe), has been found in compound heterozygotes and 
rarely homozygotes for GCH1 mutations [29, 33, 42, 89–94]. This phenotype is 
characterized by developmental motor delay, limb dystonia (with truncal hypotonia) 
that progresses to generalized dystonia, and no overt HPA in infancy. Such cases 
could be misdiagnosed initially as having cerebral palsy. In three compound hetero-
zygotes [33, 42, 90], their mothers and maternal grandmothers (all heterozygotes) 
developed DRD symptoms, suggesting that intrafamilial phenotypic heterogeneity 
in some GTPCH1-deficient DRD pedigrees may be explained by an additional 
GCH1 mutation [7, 95]. Kong et al. [133] have reported a boy with a heterozygous 
GCH1 missense mutation, who was floppy in his early infancy and had develop-
mental motor delay, in a GTPCH1-deficient DRD family. This boy might have an 
additional large deletion/duplication in GCH1 on the other allele. It is worth noting 
that one compound heterozygote responded remarkably to low doses of levodopa 
and made further improvement in motor function when BH4 was chronically added 
to maintenance levodopa treatment [33, 134].

 Contiguous Gene Deletion Syndrome Relating 
to GTPCH1 Deficiency

Lohmann et  al. [135] identified chromosome rearrangements, which included a 
large deletion encompassing GCH1 and adjacent genes, in a pedigree with seem-
ingly non-Mendelian inheritance of DRD associated with digital and eye abnor-
malities; the proband in this family was previously reported to have a heterozygous 
deletion of all six exons of GCH1 [97].

 Other BH4-Related Enzyme Deficiencies Including Severe 
SR Deficiency

Patients with autosomal recessive BH4-related enzyme deficiencies (so called BH4 
deficiencies [87]), including recessively inherited severe GTPCH1 deficiency (see 
above), develop BH4-dependent HPA in the first 6 months of life; an exception is 
autosomal recessive SR deficiency (in which BH4 is synthesized through the sal-
vage pathway in peripheral tissues where dihydrofolate reductase activity is pre-
served [87, 125, 126, 128, 136, 137]). These patients typically present with severe 
neurologic dysfunction (e.g., psychomotor retardation, convulsions, microcephaly, 
swallowing difficulties, hypersomnia, cognitive impairment, truncal hypotonia, 
limb hypertonia, paroxysmal stiffening, involuntary movements, oculogyric crises); 
diurnal fluctuation of symptoms and/or dystonia “partially” responding to levodopa 
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can be seen in some cases [7, 67, 95, 125–130, 138, 139]. For patients with the 
severe form of autosomal recessive SR deficiency, oral administration of both 
levodopa and 5-hydroxytryptophan is necessary because of very low levels of HVA 
and 5-HIAA in CSF [67, 128]. BH4 treatment and neurotransmitter replacement 
therapy (levodopa and 5-hydroxytryptophan) are indispensable for patients with 
other autosomal recessive BH4-related enzyme deficiencies [7, 87].

 Very Severe TH Deficiency (TH-Deficient Progressive 
Infantile Encephalopathy)

More than 20 patients with molecularly confirmed TH-deficient progressive infan-
tile encephalopathy have been reported [115, 117, 120, 140–153]. The onset is 
before age 3–6 months. Fetal distress is recognized in most; patients may demon-
strate feeding difficulties, hypotonia, and/or growth retardation affecting head cir-
cumference, height, and/or weight from birth. Determining the age of onset is 
sometimes difficult because of complicated perinatal events. Patients have marked 
delay in motor development, truncal hypotonia, severe hypokinesia, limb hyperto-
nia, hyperreflexia with extensor plantar responses, oculogyric crises, bilateral pto-
sis, intellectual disability, and paroxysmal periods of lethargy (with increased 
sweating and drooling) alternating with irritability (lethargy-irritability crises 
[115]). In general, dystonia is not a prominent clinical feature; however, in the most 
severely affected infants, dystonic crises (every 4–5 days) have been reported [115, 
147]. Other involuntary movements can be observed in some. Although autonomic 
disturbances occur, especially in the periods of lethargy-irritability crises, the clini-
cal characteristics of impaired production of peripheral catecholamines (e.g., abnor-
malities in the maintenance of blood pressure) are not present [115, 140]. Usually, 
typical diurnal fluctuation of symptoms is not recognized. Patients are extremely 
sensitive to levodopa therapy; thus, treatment with levodopa is often limited by 
intolerable dyskinesias. Some cases develop severe dyskinesias even at doses of 
0.2–1.5 mg/kg/day levodopa (with a DCI); no or only minimum improvement can 
be detected in these cases [140, 142, 147].

 Severe TH Deficiency (TH-Deficient Infantile Parkinsonism 
with Motor Delay)

More than 50 patients with genetically confirmed TH-deficient infantile parkinson-
ism with motor delay have been reported [66, 110, 115–117, 120, 148, 150, 154–
171]. In general, the pregnancies of affected individuals are uncomplicated. Perinatal 
and early postnatal periods are usually normal. Onset in most patients is between 
ages 3 and 12 months. In this severe form, motor milestones are overtly delayed in 
infancy. All patients demonstrate truncal hypotonia as well as parkinsonian symp-
toms and signs. Although dystonia is recognized in most, it tends to be less 
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prominent. Brisk deep-tendon reflexes, spasticity, and/or extensor plantar responses 
are frequently detected. Oculogyric crises are often observed. Ptosis and other fea-
tures of mild autonomic dysfunction can be recognized. Intellectual disability is 
found in many of the affected individuals. Typical diurnal fluctuation of symptoms 
is not observed in most patients. Of note, diurnal variation of axial hypotonia but not 
of limb dystonia has been described in one case [66, 163]. Patients demonstrate a 
marked response to levodopa. However, in contrast to TH-deficient DRD, the 
responsiveness is generally not complete, and/or it takes several months or even 
years for the full effects of treatment to become established. Some cases are hyper-
sensitive to levodopa and are prone to intolerable dyskinesias; because of this 
hypersensitivity, such cases should be treated with very low initial doses of levodopa 
[66, 117, 163]. Because null variants of TH are lethal as shown in TH (−/−) knock-
out mice [172], patients associated with mutations of this gene appear to have some 
residual TH activity. In fact, in a patient with TH-deficient infantile parkinsonism 
with motor delay, the mutated TH revealed 0.3–16% of wild-type enzyme activity 
in three complementary expression systems [154].

 Atypical Forms of Severe TH Deficiency

 TH-Deficient Myoclonus-Dystonia
Stamelou et al. [173] reported three sibs with severe TH deficiency who presented 
with truncal hypotonia, developmental motor delay, generalized dystonia, and 
prominent myoclonic jerks in infancy. The proband had a normal birth but was 
floppy. After beginning levodopa treatment at age 13 years, all of her symptoms, 
including cognitive dysfunction, markedly improved. She could walk some steps 
with help but had generalized dystonia, choreoathetoid movements, slowing in fin-
ger-tapping, and myoclonic jerks even 5 years after starting levodopa therapy.

 TH Deficiency with Exacerbation by Viral Infections
Diepold et al. [174] reported one patient with developmental psychomotor delay, 
truncal hypotonia, parkinsonism, and dystonic posturing of the hands. These symp-
toms were induced and/or exacerbated by viral infections. Although he demon-
strated a remarkable response to levodopa, this case still had truncal hypotonia and 
developmental delay 6 months after starting levodopa treatment.

 TH Deficiency with a Biphasic Clinical Course
Giovanniello et al. [175] described one case with TH deficiency showing a biphasic 
course. Psychomotor development was normal in early infancy. In the second year 
of life, he demonstrated toe-walking, frequent falls, and developmental language 
delay. At age 11 years, he developed involuntary movements over the course of a 
few months. When examined at age 13 years, he had generalized choreoathetosis, 
myoclonic jerks, dysarthria, gaze paresis, oculogyric crises, and borderline IQ. He 
showed hypersensitivity to levodopa and could be treated only with very low doses.
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 Laboratory Investigations

Routine blood counts and chemistries, plasma and urine amino acids, and serum 
copper and ceruloplasmin are normal in patients with DRD.

 CSF Analysis

Before the discovery of GCH1 mutations, a functional abnormality of brain 
GTPCH1 was suggested by decreased levels of CSF total biopterin and neopterin in 
autosomal dominant DRD [1, 8, 176–178]. Total biopterin (BP) includes BH4, qui-
nonoid dihydrobiopterin, and 7,8-dihydrobiopterin, and total neopterin (NP) con-
sists of degradation products (dihydroneopterin and neopterin) of dihydroneopterin 
triphosphate, which is synthesized from GTP by GTPCH1 [179] (see Fig. 24.1). 
Most of brain BP exists as BH4 and more than 70% of CSF NP exists as the dihydro 
form [179]. Generally, NP is considered to reflect GTPCH1 activity, and there have 
been no negative reports on the results of CSF NP measurement (low NP concentra-
tions) in all GTPCH1-deficient disorders [1, 2, 33, 65, 79, 180–184], except for one 
report showing a borderline value in an atypical case with dominantly inherited 
GTPCH1 deficiency [76]. Decreased NP levels in CSF are not observed in other 
types of BH4 deficiency [16, 18, 125, 128]. Measurements of both BP and NP in 
CSF are useful for the differential diagnoses of the following diseases responsive to 
levodopa [2, 7, 8, 35]: GTPCH1-deficient disorders (low BP and NP), TH-deficient 
disorders (normal BP and NP), and PD or EOPD (low BP associated with normal 
NP), including autosomal recessive parkin type of EOPD caused by PRKN muta-
tions. Precise determination of CSF levels of neurotransmitter metabolites (before 
starting levodopa therapy) is diagnostic of TH-deficient disorders (low HVA and 
3-methoxy-4-hydroxyphenylethyleneglycol associated with normal 5-HIAA) [7, 
19, 115, 117, 154, 155, 158]. Detection of sepiapterin in CSF is useful for the diag-
nosis of SR-deficient disorders (in which brain sepiapterin in the salvage pathway 
accumulates owing to very low dihydrofolate reductase activity in the brain) [87, 
125, 126, 128, 136, 137].

 Activity Assay

Ichinose et  al. [11] reported that GTPCH1 activity levels in phytohemagglutinin 
(PHA)-stimulated mononuclear blood cells were decreased in DRD patients having 
GCH1 mutations. Using cultured lymphoblasts, however, Bezin et al. [185] have 
suggested that the PHA induction alone misrepresents the actual status of GTPCH1 
activity. Activity of GTPCH1  in PHA-stimulated mononuclear blood cells was 
lower in normal females than in normal males in one report [11]. Nevertheless, there 
was no difference of this activity between females and males in another report from 
the same group [186]. Unfortunately, non-stimulated GTPCH1 activity in mono-
nuclear blood cells is too low to be measured. Measurement of GTPCH1 activity in 
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cytokine-stimulated fibroblasts was reported to be useful for the diagnosis [80, 
181]. In coexpression studies, it has been demonstrated that GTPCH1 with domi-
nantly inherited GCH1 mutations but not recessively inherited ones inactivated the 
wild-type enzyme, suggesting a critical role of this dominant negative effect in auto-
somal dominant GTPCH1-deficient DRD [187–189]. However, Suzuki et al. [190] 
has suggested that such a dominant negative effect is unlikely to explain low enzyme 
activity in PHA-stimulated mononuclear blood cells from GTPCH1-deficient DRD 
patients (<20% of controls [11]) and that a reduction of the amount of GTPCH1 
protein found in these cells may contribute to the mechanism of dominant inheri-
tance. The enzyme TH is mainly expressed in the brain and the adrenal medulla, and 
direct measurement of its activity is not a diagnostic option. Reduced levels of SR 
activity in fibroblasts have been reported in patients with SR-deficient disorders 
[18, 128].

 Phenylalanine Loading Test

Patients with DRD never develop HPA. However, a subclinical defect in phenylala-
nine metabolism (due to partial BH4 deficiency in the liver) can be detected in 
GTPCH1-deficient and SR-deficient DRD patients by the phenylalanine loading 
test, analyzing plasma phenylalanine-to-tyrosine ratios for 6 or 4 h following an oral 
phenylalanine load (100 mg/kg) [18, 191–193]. The reason for the difference in 
susceptibility to a BH4-deficient condition between TH and PAH could relate to 
different Km (Michaelis constant) values of the hydroxylases for BH4 [95].

 Neuroimaging

Brain CT and MRI are normal in patients with DRD. PET and SPECT investiga-
tions using presynaptic dopaminergic markers have shown normal or near-normal 
results in the striatum of DRD and “benign” parkinsonism due to GCH1 mutations 
(see GCH1-associated “benign” parkinsonism and “neurodegenerative” parkinson-
ism in “Phenotypic Heterogeneity”) [38, 46–52, 182, 194–196]. These PET and 
SPECT findings are consistent with normal striatal levels of aromatic amino acid 
decarboxylase (AADC), DAT, and vesicular monoamine transporter in autopsied 
patients with GTPCH1-deficient DRD, indicating that striatal dopamine nerve ter-
minals are preserved in this disorder [35, 41]. Examinations of PET and SPECT 
using presynaptic dopaminergic markers revealed no abnormalities even in more 
severely affected cases with autosomal recessive SR deficiency [128, 197]. Using 
[11C]-raclopride PET, elevated D2 receptor binding has been found in the striatum 
of patients with DRD [47, 196, 198]. This increased receptor binding could be due 
to receptor upregulation and/or diminished competition for the tracer as a conse-
quence of low synaptic dopamine concentration. An approach using network analy-
sis of [18F]-fluorodeoxyglucose PET images was not sufficiently sensitive for 
diagnosis of GTPCH1-deficient DRD [31, 199].
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 Neuropathology

Neuropathologic investigations showed a normal population of cells with reduced 
melanin and no evidence of Lewy body formation in the substantia nigra of four 
symptomatic cases with typical GTPCH1-deficient DRD and one asymptomatic 
case with a GCH1 mutation (in a family with classic DRD linked to the GCH1 locus 
[10]) [14, 35, 41, 108, 200, 201]. No degenerative changes in the substantia nigra 
were observed even in a 90-year-old GTPCH1-deficient DRD patient having a dis-
ease duration of 82 years [201]. Recently, Schreglmann et al. [121] have found a 
pallor of neuromelanin containing neurons without decreased cell density in the 
substantia nigra of one patient with TH-deficient DRD; clinical and genetic charac-
teristics of this patient were reported previously by Schiller et al. [109]. There have 
been no reports of neuropathologic findings in SR-deficient DRD.

 Neurochemistry

Neurochemical data from two of the four symptomatic cases with GTPCH1-
deficient DRD and the GCH1-associated asymptomatic case are available [35, 41, 
200, 202]. In the putamen, BP and NP concentrations were substantially lower in 
the two patients (mean: −84% and −62%) than in age-matched normal controls. 
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 in 
both patients (−88%) [35, 200]. Dopamine content in this striatal subdivision was 
normal in an autopsied individual with DYT1 dystonia [203]. It is known that the 
caudal putamen is most affected by loss of dopamine in patients with PD [204–207]. 
In the asymptomatic GCH1 mutation carrier, decreases in BP and NP levels in the 
putamen (−82% and −57%) paralleled those in the two symptomatic cases [41]. 
However, in this asymptomatic case, dopamine content 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 60–80% of stri-
atal dopamine loss is necessary for overt motor symptoms to occur [205], the maxi-
mal 44% dopamine reduction in the striatum of the asymptomatic GCH1 mutation 
carrier was not sufficient to produce any symptoms of GTPCH1-deficient DRD.

In contrast to patients with PD [208, 209], striatal levels of AADC, DAT, and 
vesicular monoamine transporter were normal in the two symptomatic cases with 
GTPCH1-deficient DRD, indicating that dopaminergic terminals in the striatum are 
preserved in this disorder [35]. However, TH protein levels were markedly decreased 
in the putamen of both symptomatic cases (>−97%). These biochemical findings 
have suggested that striatal dopamine reduction in GTPCH1-deficient DRD is 
caused not only by decreased TH activity due to low cofactor content but also by 
actual loss of TH protein without nerve terminal loss. The human brain data are 
compatible with TH protein loss but preserved AADC in brains of BH4-deficient 
mice [210–213]. In contrast to the symptomatic cases, TH protein content in the 
putamen was only moderately reduced in the asymptomatic case (−52%) [41]. 
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Striatal TH protein reduction in GTPCH1-deficient DRD may be caused by a dimin-
ished regulatory effect of BH4 on the steady-state level (stability/expression) of TH 
molecules [35]. Because TH protein concentrations in the substantia nigra, where 
striatal TH molecules are synthesized, were normal in both symptomatic cases, 
BH4 could control stability rather than expression of this enzyme [16, 35]. This is 
supported by a report showing loss of TH protein but not of TH mRNA in brains of 
BH4-deficient mice [211–213]. The neurochemical findings in the asymptomatic 
GCH1 mutation carrier suggest that the extent of striatal TH protein loss may be 
critical in determining the symptomatic state of GTPCH1-deficient DRD [41]. As 
BH4 is also the cofactor for TPH, it has been assumed that partial BH4 deficiency 
in GTPCH1-deficient DRD results in lowering of brain serotonin. However, all 
serotonin markers (serotonin, TPH, and serotonin transporter [206, 214]) have been 
found to be normal in the striatum of GTPCH1-deficient DRD [202].

In a 16-week-old miscarried human fetus having compound heterozygous TH 
mutations, protein levels of dopaminergic markers, including TH, in the mesen-
cephalon and pons were reported to be lower than those in “one” control subject 
[151]; a sister of this fetus had the same mutations in TH and developed TH-deficient 
progressive infantile encephalopathy [146]. In contrast, almost normal content of 
mutant TH protein in the substantia nigra and distinct loss of this enzyme in the 
striatum were recognized in encephalopathy TH knockin mice [215]. Moreover, in 
DRD TH knockin mice [216, 217], normal number of TH-positive neurons in the 
substantia nigra and severely reduced TH immunostaining, associated with normal 
DAT staining, in the striatum were observed. There have been no reports of neuro-
chemical data in patients with classic TH-deficient DRD and SR deficiency.

 Diagnosis

The diagnoses of GTPCH1-deficient DRD, TH-deficient DRD, and SR-deficient 
DRD can be established by identification of GCH1, TH, and SPR mutations, respec-
tively, by gene-targeted testing or comprehensive genomic testing (e.g., exome 
sequencing); approximately 87% of genetically proven probands with GTPCH1-
deficient DRD had GCH1 mutations detected by sequence analysis, and the remain-
ing 13% had GCH1 mutations identified by deletion/duplication analysis (e.g., 
multiplex ligation-dependent probe amplification) [9]. Unfortunately, however, not 
all patients with DRD have demonstrated pathogenic variants of GCH1, TH, or 
SPR. Biochemical testing (see “Laboratory Investigations”) should be conducted in 
these mutation-negative cases, and a therapeutic trial with low doses of levodopa 
based on clinical suspicion is still crucial to the diagnosis of DRD.

Once GCH1, TH, and SPR mutations have been identified in probands, prenatal 
diagnoses for pregnancy are possible, and some results of prenatal testing have been 
reported [146, 153, 169]. Using next-generation sequencing, Nedelea et al. [153] 
found a heterozygous GCH1 variant (reported previously [65, 76]) and also a homo-
zygous TH variant (not described in the literature) in a proband (the first child) with 
progressive infantile encephalopathy. In this family, the prenatal testing revealed 
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that a fetus (the second child) was a heterozygote for the TH variant; the second 
child was delivered at term, and early postnatal evolution was normal. Based on the 
available information, both GCH1 and TH variants identified in the proband were 
classified as “variants of unknown clinical significance,” and deletion/duplication 
analysis of these genes revealed no additional mutations. Thus, interpretation of 
genetic results is sometimes difficult, and a multidisciplinary approach in the con-
text of new diagnostic techniques is recommended [31, 153].

The major differential diagnoses of DRD include EOPD, DYT1 dystonia, cere-
bral palsy, and spastic paraplegia. Patients with EOPD responding markedly to 
levodopa, especially those with onset below age 20 years, often develop gait distur-
bance due to foot dystonia as the initial symptom [2, 8, 9]. Furthermore, these 
EOPD patients can demonstrate mild to moderate diurnal fluctuation (sleep benefit) 
prior to levodopa administration. Thus, the clinical differentiation between EOPD 
patients with dystonia and DRD patients in the early course of disorder is some-
times difficult. In general, the most reliable clinical distinction between EOPD (par-
ticularly autosomal recessive parkin type of EOPD due to PRKN mutations) and 
DRD is the occurrence of motor adverse effects of chronic levodopa therapy (wear-
ing-off and on-off phenomena and dopa-induced dyskinesias) in EOPD. Under opti-
mal doses, typically, patients with DRD on long-term levodopa treatment do not 
develop these complications. A dramatic and sustained response to low doses of 
levodopa in DRD distinguishes this disorder from all other forms of dystonia, 
including DYT1 dystonia, and from cerebral palsy as well as spastic paraplegia.

 Because of characteristic diurnal fluctuation of symptoms, childhood- or 
adolescent-onset DRD is occasionally misdiagnosed as psychological reaction or 
hysteria, especially in the early course of illness.

 Treatment

There is general agreement that patients with childhood-onset dystonic symptoms 
of unknown etiology should be treated with low doses of levodopa [5–7, 31, 218–
220] (whereas Maas et al. argue against such an empiric trial of levodopa [221]). 
Initial use of a dose of 25 mg levodopa with a DCI (levodopa/DCI) two to three 
times daily and gradual increase to higher doses have been recommended [218] 
(Table  24.2). Although DRD patients may develop dyskinesias (mainly choreic 
movements) at the initiation of levodopa treatment, such dyskinesias subside fol-
lowing dose reduction and do not reappear with later slow-dose increments [5–7]: 
note that these transient dyskinesias are different from those with motor response 
fluctuations observed in PD and EOPD patients during chronic levodopa therapy. It 
has been reported that amantadine suppressed severe dopa-induced choreic dyski-
nesias, which developed at initiation of levodopa treatment, in two compound het-
erozygotes for GCH1 mutations having dystonia and motor delay [89]. Because 
some children with DRD showed remarkable responsiveness to smaller doses and a 
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child manifesting dystonia and motor delay developed very severe dyskinesias 
(which lasted 4  days) after receiving a single 50  mg dose of levodopa/DCI [33, 
222], we have suggested starting a therapeutic trial using a dose of 25 mg levodopa/
DCI, once a day, for dystonia children without developmental motor delay and of 
12.5 mg levodopa/DCI, once a day, or even less for those with overt motor delay in 
infancy [223, 224]. In fact, the child manifesting dystonia and motor delay was suc-
cessfully treated with an initial dosage of 8 mg/day of levodopa/DCI [33]. Recently, 
Wijemanne and Jankovic [31] have suggested an initial dose of 1–10  mg/kg 
levodopa/DCI daily, administered in multiple doses, for children aged below 6 years 
and of 50 mg levodopa/DCI one to three times daily for children aged above 6 years. 
For adult patients, an initial dose of 50 mg levodopa/DCI, once or twice a day [223, 
224], or the same dose, once to three times a day [31], has been recommended. In 
DRD patients, 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 generally achieved by less than 300 mg/day of levodopa/DCI (see 
Table 24.1) or by less than 20–30 mg/kg/day of levodopa without a DCI [5, 6, 218]. 
According to Nygaard and Duvoisin [225], no dose of levodopa/DCI greater than 
400 mg/day was necessary for DRD patients. Some genetically confirmed patients 
with GTPCH1-deficient DRD needed 400 mg/day or more of levodopa/DCI [29, 43, 

Table 24.2 Treatment for classic dopa-responsive dystonia (DRD)

Symptom Treatment
Dose of levodopa with a decarboxylase inhibitor 
(DCI)/directions

Dystonia/
parkinsonism

Levodopa Initial suggested dose of levodopa with a DCI 
(levodopa/DCI)
1. DRD children: 25 mg, 2–3 times daily (Nygaard 
et al. [218])
2. DRD children: 25 mg, once a day (Furukawa et al. 
[223, 224])
DRD adults: 50 mg, 1–2 times daily
3. DRD children <6 years: 1–10 mg/kg daily, 
administered in multiple doses
(Wijemanne and Jankovic [31])
DRD children ≥6 years and adults: 50 mg, 1–3 times 
daily
Gradual titration to higher doses of levodopa/DCI is 
recommended
Motor benefit can be recognized immediately or within 
a few days of starting therapy
Full benefit occurs within several days to a few months 
after beginning treatment

Transient dyskinesiasa 
at levodopa initiation

Reduction of 
levodopa dose

Dyskinesias associated with levodopa initiation 
subside following dose reduction
Such transient dyskinesias do not reappear with later 
slow increments in dose

aNote that these dyskinesias are different from those observed in Parkinson’s disease during 
chronic levodopa treatment
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222]. A continued stable response to levodopa therapy and no complications for 
more than 30 years have been confirmed in patients with GTPCH1-deficient DRD 
and TH-deficient DRD [5, 21–26, 29, 109, 121, 201]. Even DRD cases untreated for 
more than 40 years showed a remarkable response at initiation of levodopa treat-
ment [5, 6, 14, 108]. In 20 pregnancies reported in 12 patients with GTPCH1-
deficient DRD, levodopa therapy was continued without adverse effects in most, 
and no fetal abnormalities were recognized [29]. Exacerbation of symptoms after 
taking oral contraceptives was found in some female cases with GTPCH1-deficient 
DRD [29, 33, 34].

 Physicians should avoid discontinuing levodopa therapy and using anti-
dopaminergic agents (including some antipsychotic medications) in patients 
with DRD.

Although DRD patients can respond to anticholinergics and dopamine agonists, 
the efficacy of levodopa is usually superior to that of these other drugs [5, 29, 218]. 
The limited clinical literature demonstrates that acute BH4 treatment may be much 
less effective than levodopa therapy for patients with GTPCH1-deficient DRD, 
including the apparently sporadic patient shown in the first vignette [2, 176, 226]. 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 [227–229], no functional benefit was found from this acute oral BH4 admin-
istration. Even after intravenous infusion of BH4  in GTPCH1-deficient DRD 
patients, HVA concentrations in CSF were unchanged despite marked elevation of 
BP levels in CSF [226]. The low efficacy of such acute administration of BH4 (ade-
quate to cross the blood-brain barrier) may be explained by striatal TH protein loss 
in GTPCH1-deficient DRD, which would be expected to limit any acute stimulatory 
effect of the cofactor BH4 on dopamine biosynthesis [35]. In contrast, the remark-
able efficacy of levodopa (which bypasses TH in the biosynthetic pathway of dopa-
mine) can be explained by the normal protein levels of AADC, for which levodopa 
is a substrate [35]. 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 sufficiently prolonged, might upregulate TH protein content in the nigros-
triatal dopaminergic terminals in GTPCH1-deficient DRD.

 Conclusion

Since the discovery of GCH1, TH, and SPR mutations responsible for DRD, our 
understanding of this disorder has greatly increased. However, the underlying 
mechanisms of phenotypic heterogeneity (e.g., two types of adult-onset parkinson-
ism in GTPCH1-deficient DRD [36]) in DRD pedigrees are still unknown; there 
may be additional genetic and/or environmental factors that can modulate the out-
come of pathogenic variants in the causative genes for DRD. As clinical suspicion 
is a key to the diagnosis of this treatable disorder, physicians should know the broad 
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phenotypic spectrum in GTPCH1-, TH-, and SR-deficient DRD families. Moreover, 
because (1) administration of levodopa and “5-hydroxytryptophan” is necessary for 
severe autosomal recessive SR deficiency, (2) administration of levodopa, 
5-hydroxytryptophan, and “BH4” is indispensable for other severe autosomal reces-
sive BH4-related enzyme deficiencies (including GTPCH1-deficient HPA), and (3) 
very low-dose levodopa must be used initially for infantile-onset cases with severe 
or very severe autosomal recessive TH deficiency having overt delay in motor 
development (TH-deficient infantile parkinsonism with motor delay or TH-deficient 
progressive infantile encephalopathy), physicians should also know symptoms and 
signs of the genetically related disorders. No pathogenic variants have been found 
by molecular genetic testing in some patients with DRD. Therefore, a therapeutic 
trial of levodopa at low dose is still an important practical approach to the diagno-
sis of DRD.
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Wilson’s Disease

Peter Hedera

 Patient Vignettes

 Patient 1

A 26-year-old man presented to a neurologist with a 6-month history of mild arm 
tremor. He noticed that over the past year, his memory was not as good as it used to 
be and sometimes he had difficulty focusing mentally on tasks. His family history 
was notable for two relatives on his mother’s side with mild tremor. Laboratory 
studies were normal as were routine biochemistry panels. The neurologist sitting 
across the desk discussed the diagnosis of tremor, unknowingly in the midst of an 
emergency—not an emergency room emergency but a diagnostic emergency. If the 
appropriate differential diagnosis had been considered, a workup would have led to 
the diagnosis of Wilson’s disease, with institution of appropriate treatment. Instead, 
the neurologist falsely reassured the patient that he had essential tremor and that it 
would likely not be more than an inconvenience. Over time though his tremor 
worsened, and a second opinion was sought at an academic movement disorder 
center. Again, the diagnosis was delayed, until the patient finally developed 
worsening tremor, dysarthria, facial dystonia, and incoordination. By the time 
Kayser-Fleischer rings were seen by an experienced examiner and Wilson’s disease 
was diagnosed, neurologic damage was permanent despite effective anticopper 
therapy.
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 Patient 2

A diagnosis of Wilson’s disease was quickly secured in a 23-year-old woman who 
presented with mild dysarthria and arm tremor. An appropriate workup was 
performed, and the neurologist described the steps that needed to be taken in order 
to achieve copper balance. Unbeknownst to either of them, the patient faced an 
emergency—a hidden therapeutic emergency. The neurologist, unfamiliar with the 
ability of penicillamine to cause permanent neurologic worsening, reassured the 
patient about her outcome. Unfortunately, within 2 weeks of beginning penicillamine, 
her neurologic signs acutely worsened, and she accelerated into a precipitous neu-
rologic decline. She became anarthric with severe generalized dystonia and became 
functionally completely dependent. Despite attempts to reverse the situation, her 
condition was permanent. An independent life was destroyed by overly aggressive 
penicillamine treatment.

 Introduction

Wilson’s disease (WD) is an autosomal recessive metabolic disorder affecting 
approximately 1  in 30,000 individuals [1–3]. It is caused by loss of function 
mutations in the transmembrane ATPase copper transporter encoded by the ATP7B 
gene [4, 5]. Impaired copper transport and excretion due to defects in the hepatic 
excretory pathway lead to insufficient copper binding to cuproenzymes and reduced 
elimination of excessive copper into the bile [6, 7]. This ultimately results in chronic 
copper accumulation in the liver and subsequently in the brain, as well as other 
organs such as kidneys or cornea. Copper is an essential micronutrient and under 
physiologic homeostasis is mostly bound to metallothioneins in hepatocytes or 
ceruloplasmin in plasma. Bound copper is biologically inactive, and only free 
copper (known as non-ceruloplasmin bound [NCC]) is potentially toxic [6, 7]. 
Excessive free copper can trigger cytotoxic effects in affected organs, leading to 
variable clinical phenotypes with predominantly hepatic, neurologic, or psychiatric 
symptoms.

In contrast to many inherited metabolic conditions, WD is highly treatable with 
effective therapies reversing clinical manifestations or substantially improving 
outcomes [8–10]. Untreated, copper overload results in catastrophic neurologic 
symptoms and eventual death in the vast majority of patients with WD [6, 7]. Delays 
in initiation of decoppering therapies are associated with worse clinical outcomes 
and long-term residual neurologic disability [11, 12]. Early recognition of WD is 
critical for timely initiation of copper removal; for this reason, the timely diagnosis 
of WD is a true movement disorder emergency (patient 1). This is especially chal-
lenging as the clinical manifestations are protean, mimicking other movement dis-
orders such as idiopathic Parkinson’s disease, essential tremor, or primary 
dystonia [13].

The first step in WD treatment is to remove excessive copper that is associated 
with increased plasma NCC levels [1]. This should induce a negative copper 
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balance with a rapid control of NCC levels, the copper fraction likely responsible 
for organ toxicity [14, 15]. Currently available options are chelating agents that 
nonspecifically chelate copper and promote urinary copper excretion. Relatively 
rapid onset of action favors chelating agents in the acute phase of decoppering treat-
ment when patients are symptomatic [1–3]. However, rapid mobilization of copper 
from the liver can cause additional elevations in NCC in blood, resulting in further 
progression of the disease with subsequent neurologic deterioration [11, 16, 17]. 
Even if appropriate therapy is initiated in a timely manner, this paradoxical worsen-
ing is perhaps the most feared complication of chelation therapy. This phenomenon 
needs to be recognized very early, and the therapy needs to be adjusted to prevent 
irreversible neurologic deficits. This is also an emergency when treating WD 
patients: lack of recognition and prompt management of neurologic deterioration is 
the second WD emergency (patient 2). Most patients experiencing paradoxical neu-
rological worsening manifest deterioration in their gait, balance, tremor, speech, 
and swallowing (due to oropharyngeal dystonia). Worsening of dystonia after chela-
tion treatment may even result in generalized dystonia that is refractory to medical 
management, i.e., status dystonicus or dystonic storm [18, 19].

 Paradoxical worsening with decoppering treatment is a dreaded compli-
cation of WD treatment. The choice of the decoppering agent and titration with 
careful monitoring of copper excretion require experience and guidance from 
an expert.

 First WD Emergency: Timely Diagnosis

 Clinical Presentation

Certain clinical phenotypes are suggestive of WD and should prompt further labora-
tory testing. The diagnosis of WD requires a high degree of clinical suspicion—it 
bears repeating that the clinician will never diagnose WD if they do not think of it 
[13]. The historical name for WD, hepatolenticular degeneration, reflects the fact that 
hepatic and neurologic symptoms are the two major clinical phenotypes in symptom-
atic patients. WD with hepatic manifestations can be seen in about 40% of all patients, 
while initial neurologic symptoms and signs are present in approximately 40–50%; 
primary psychiatric presentations can be seen in about 10% of patients [12, 20–22]. 
Other systemic manifestations of WD are rare and difficult to recognize without other 
signs of hepatic or neurologic problems [1, 2]. Aminoaciduria, nephrolithiasis, 
arthropathy, premature osteoporosis, and cardiomyopathy have been reported as 
unusual presenting symptoms of WD.  Ophthalmologic features are also common, 
typically asymptomatic, but very useful in supporting the diagnosis. The most impor-
tant are Kayser-Fleischer (KF) rings caused by asymptomatic copper deposition in 
Descemet’s corneal membrane [23, 24]. Sunflower cataracts, caused by copper depos-
its in the lens, are another asymptomatic ophthalmologic presentation of WD.
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 Almost all WD patients with neurologic symptoms and signs have KF 
rings. KF rings can be visualized at the bedside even in patients with brown irises 
by illuminating the iris with a light positioned at the side of the eye. KF rings are 
classically thicker superiorly and inferiorly. They are golden brown to green in 
color, with a fluffy appearance that blends into the natural color of the iris.

Copper deposits in the cornea and the lens disappear with chelation, but the 
severity of KF rings does not correlate with clinical deficits. Clinical suspicion for 
WD should be highest in patients who develop hepatic or neurologic symptoms in 
adolescence to early adulthood [13, 20–22, 24]. However, the age of first symptoms 
varies widely from the first decade to the fourth and fifth decades of life. Neurologic 
symptoms tend to develop approximately one decade later than hepatic presentations, 
but there is a considerable overlap between these two major phenotypes. Atypical, 
late-onset WD even in the seventh and eighth decades of life has been described 
[25–27].

Like other clinical presentations of WD, hepatic symptoms range from asymp-
tomatic liver disease to life-threatening hepatic failure [1, 6, 7]. Asymptomatic 
patients typically have only biochemical abnormalities with elevation of liver 
enzymes and histologic findings of steatosis on liver biopsy. Liver involvement in 
WD may also mimic acute viral hepatitis or autoimmune hepatitis. However, most 
patients with hepatic symptoms exhibit signs of chronic liver disease with cirrhosis 
and splenomegaly due to portal hypertension. The hepatic phenotype of WD is 
frequently associated with Coombs-negative hemolytic anemia that can lead to 
acute renal failure in extreme cases. Transient episodes of jaundice due to hemolysis 
may be the initial presentation in patients who do not have any other signs of liver 
disease. Patients with predominantly neurologic symptoms have frequent mild liver 
disease, but they tend to have more compensated cholestatic hepatopathy. Liver 
transaminase enzymes alanine transaminase (ALT) and aspartate transaminase 
(AST) may be normal [1]. Thus, a normal AST and ALT in patients with suspicious 
neurologic symptoms does not exclude WD, and further evaluation is warranted.

Presenting neurologic symptoms can be pleotropic and present a significant 
diagnostic challenge; WD is the great imitator in movement disorders [13]. Even 
though neurologic presentations are very heterogeneous, WD neurologic phenotype 
can be grouped into dystonic, tremor-dominant or pseudosclerotic, parkinsonian, 
and hyperkinetic (choreic) subtypes [20–22]. A dysarthric form has been also 
suggested as another clinical category. However, dysarthria is the most constant 
neurologic sign in WD, present in 90% of patients. Initial neurologic symptoms are 
typically subtle and nonspecific. Motor symptoms may include lack of coordination, 
handwriting change, dysarthria, and drooling [28]. The clinical course is progressive 
in untreated patients, and they typically develop more noticeable neurologic 
abnormalities with dystonia, tremor, and parkinsonian syndromes [29]. The most 
common initial problems are tremor and ataxia, seen in about 40–60% of patients, 
followed by dysarthria (40–58%), dystonia (15–42%), gait abnormalities (38%), 
parkinsonism (11–60%), and choreoathetosis (15%) [28, 30–32]. Patients may also 
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present with new-onset seizures as the first sign of WD in about 5% of cases [29]. 
However, new onset of generalized tonic-clonic seizures may also indicate the 
evolution of paradoxical worsening during initiation of chelation therapy, discussed 
in detail in the following sections. Discrete or unclassified signs were observed in 
11.3% of patients, further illustrating the clinical heterogeneity [32].

Behavioral and cognitive changes are commonly associated with neurologic 
problems and may be detected early in the course of the disease. The pattern of 
cognitive decline is similar to other basal ganglia disorders [33, 34]. Apathy, reduced 
attention, bradyphrenia, frontal lobe dysfunction with impaired social judgment, 
and impulse control behaviors are now commonly recognized, and they represent a 
significant morbidity for WD patients. Decline in school or job performance may 
herald cognitive changes. Tremor in WD is highly variable with rest, postural, and 
action tremor observed [28, 30–32]. Wing-beating tremor is a prototypical WD 
tremor, proximally generated, appearing when the patient holds semi-flexed 
outstretched arms in the “wingbeat” posture. Its amplitude increases the longer the 
patient holds the position, and some patients exhibit a severe flapping tremor as if 
they are launching into flight. Other patients exhibit a typical postural and action 
tremor that may easily be misdiagnosed as essential tremor. Dystonia varies from 
focal to generalized dystonia [28, 30–32]. Advanced WD may produce severe 
generalized dystonia with secondary contractures and inability to walk. Segmental 
or focal dystonia affecting the craniofacial region is especially common, causing 
severe dysphonia, dysarthria, or even a complete loss of speech with dysphagia or 
inability to swallow. Many WD patients exhibit an exaggerated smile, known as 
risus sardonicus. Dystonia associated with WD is a prototypical secondary dystonia 
[13]. Parkinsonism typically manifests as masked facies with hypophonic soft 
voice, micrographia, and shuffling or freezing gait. Hypokinetic-rigid syndromes 
tend to be symmetrical, but unilateral tremor can be present leading the examiner to 
a misdiagnosis of Parkinson’s disease.

Dysarthria is typically of a mixed type with prominent dystonic and hypokinetic 
features [28, 30–32]. Patients with the pseudosclerotic (tremor) subtype may also 
exhibit signs of cerebellar dysarthria. However, there is a considerable overlap 
among these groups, and patients with severe WD often display mixed phenotypes. 
Hyperkinetic movements are more common in younger individuals who developed 
WD in the second decade. Ataxia is another frequently mentioned sign, but true 
cerebellar ataxia is rare, and incoordination and balance problems are more 
commonly caused by extrapyramidal signs and severe wing-beating tremor [32]. 
Primary psychiatric manifestations have been reported in 10% of newly diagnosed 
patients without detectable neurologic or hepatic manifestations [35, 36]. Later in 
the course of the disease, these patients may develop additional neurologic problems, 
but these initial neurologic signs can be subtle and easily overlooked. Psychiatric 
symptoms are nonspecific ranging from depression to acute psychotic episodes, 
leading to common misdiagnoses of bipolar disorder or schizophrenia. Overall, this 
is a particularly difficult type of WD to diagnose. The analysis of patients initially 
seen by a psychiatrist showed that the average delay of diagnosis was more than 
2 years.
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 Diagnosis of WD

The definite diagnosis of WD is established by biochemical tests confirming signs 
of copper overload, including increased urinary copper excretion and elevated 
values of free copper (NCC) in blood [1, 2]. Even though the diagnosis remains 
laboratory based, the availability of genetic testing may further increase clinical 
certainty, especially in patients with biliary obstruction or with borderline 
biochemical features as can be seen in heterozygous patients [37–39].

Screening tests are recommended as the first step in confirming the diagnosis of 
WD [1]. Levels of ceruloplasmin plasma, the main copper-binding plasma protein 
containing more than 90% of total plasma copper, are most frequently used [40]. 
Loss of function of the ATP7B gene impairs copper loading to ceruloplasmin, 
resulting in low plasma levels. A serum ceruloplasmin level less than 20 mg/dL 
(200 mg/L or 2.83 μmol/L) is consistent with the diagnosis of WD, but overall the 
positive predictive value is very low at 5.9% [2]. Even low ceruloplasmin levels 
cannot confirm the diagnosis, and additional confirmatory tests are needed. 
Abnormally low ceruloplasmin levels less than 5 mg/dl strongly suggest WD, but it 
can be also associated with conditions with very low copper plasma values, 
especially with copper deficiency and aceruloplasminemia [41, 42]. The latter is a 
rare autosomal recessive condition caused by mutations in the ceruloplasmin gene. 
Neurologic clinical presentations of aceruloplasminemia may mimic WD but the 
pathogenesis is caused by iron overload. Another possible cause of low ceruloplasmin 
is Menkes disease, an X-linked disorder of copper transport from enterocytes to 
blood and through the blood-brain barrier caused by mutations in the ATP7A gene 
[43]. Heterozygotes carrying one mutated allele of ATP7B gene may also have 
borderline low values requiring further testing. Similarly, low normal ceruloplasmin 
value does not exclude a diagnosis of WD. Ceruloplasmin is an acute phase reactant 
causing higher levels, leading to false negative results. Another important cause of 
higher ceruloplasmin in WD is exposure to estrogens, most commonly from birth 
control pills [44].

Ophthalmologic evaluation, looking for Kayser-Fleischer rings, is commonly 
used as a screening test. KF rings may be visible as a golden-brownish pigmentation 
around the limbus. Some patients may not have a fully formed circle, and increased 
pigmentation can be seen around 6 and 12 o’clock positions. Definitive detection of 
Kayser-Fleischer rings should be established by slit lamp examination. They are 
rarely absent in patients with neurologic presentations. The presence of KF rings 
can only support the diagnosis of WD, because rarely they may be present in patients 
with chronic cholestatic liver disease.

Every patient with suspected WD needs to have a 24-h urine copper measure-
ment and this test alone is diagnostic in most patients [1, 2]. Obstructive hepatopa-
thy can cause diagnostic uncertainty, but this is not common for patients with 
neurologic signs. It is important to completely collect 24-h urine starting after the 
first morning voiding on the day of the collection day and complete it the next day 
after the first voiding. Another technical requirement is a copper-free collection ves-
sel. Total creatinine excretion in the 24-h urine collection is typically measured to 
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support proper urine collection. A 24-h copper value more than 100  μg/24  h 
(1.6  μmol/24  h) is conventionally considered diagnostic of WD, especially for 
patients with neurologic or psychiatric phenotypic presentations [1, 2]. Normal val-
ues for 24-h excretion are typically below 40 or 50 μg (0.64 or 0.8 μmol)/24 h. 
Intermediate values between 40/50 and 100 μg/24 h may be seen in heterozygous 
(carrier) individuals and require further investigation. Affected symptomatic chil-
dren with WD may also have 24-H urine copper values below the conventional 
cutoff, and lowering this value in pediatric patients has been suggested [45]. 
D-Penicillamine challenge has been used in patients with borderline 24-h urine cop-
per values, but this test has been validated only in children with hepatic presenta-
tions. Administration of 500  mg of D-penicillamine before urine collection and 
repeated once 12 h into the collection promotes cupriuria, and values of more than 
1600 μg copper/24 h (25 μmol/24 h) are considered diagnostic [46]. Overall, this 
test is used less commonly with the availability of genetic testing for ATP7B 
mutations.

Serum NCC (non-ceruloplasmin-bound copper) or free copper assay has been 
proposed as a diagnostic test for WD. It is elevated above 25 μg/dL (3.94 μmol/L) 
in most untreated patients [1]. Normal values are 10–15 μg/dL (1.6–2.4 μmol/L), 
and free copper below 5 μg/dL (0.8 4 μmol/L) indicates copper deficiency. Limited 
availability of this test reduces its clinical utility. The free copper fraction can be 
also calculated from total plasma copper and ceruloplasmin values. Six copper 
atoms are bound to one molecule of ceruloplasmin, resulting in approximately 
3.15 μg of copper weight per 1 milligram of ceruloplasmin. Thus, free copper can 
be estimated as a difference between the total copper and ceruloplasmin value 
multiplied by three. However, this needs to be interpreted with caution, especially 
when the levels of ceruloplasmin are low [1]. Total copper value alone is not very 
helpful in the diagnosis of WD because it is very variable. Liver biopsy measuring 
liver copper content has been considered a gold standard for the confirmation of the 
diagnosis and may be still required in patients with predominantly hepatic 
presentation. However, the diagnosis of neurological or psychiatric WD can be 
confirmed using 24-H urine copper excretion assay. Hepatic copper content more 
than 250 μg/g dry weight (4.0 μmol/g of tissue) is considered diagnostic for WD [1].

Cloning of the causative gene for WD and the rapid progress in high-throughput 
sequencing methods increased the importance of genetic testing in the diagnostic 
process. Identification of both disease-causing mutations confirms the diagnosis. 
Mutations in the ATP7B gene can be found in any of the 21 coding exons and 
intronic flanking sequences, resulting in a considerable allelic heterogeneity [37, 
38]. Many deleterious mutations are private and limited to single families, and most 
patients are compound heterozygotes. Certain ethnic groups harbor more common 
mutations, and genetic screening can be prioritized to analyze common mutations 
first. Targeted mutation analysis for specific mutations, such as multiplex 
amplification refractory mutation system PCR, can be employed in populations 
with prevalent common mutations. Otherwise, every exon and adjoining intronic 
areas need to be sequenced. Genetic testing should be limited to confirmation of 
diagnosis, family screening, and unclear cases with a high degree of suspicion for 
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WD. Both mutations need to be known if this test is used for familial screening. 
Overall rate of detection of mutations in patients with biochemically confirmed 
disease is approaching 98%, but intronic mutations or mutations in the promoter 
regions still may be undetected. Whole genome sequencing can be utilized in these 
cases. However, biochemical laboratory methods detecting copper overload may be 
sufficient to confirm the diagnosis in these patients.

Most patients manifesting neurologic problems have abnormal magnetic reso-
nance imaging (MRI) findings, and this can help to increase the suspicion for WD 
[47–49]. However, these MRI changes are nonspecific and WD needs to be con-
firmed by other laboratory methods. Similarly, a normal MRI of the brain does not 
rule out WD.  The most common finding is hyperintensity on T2-weighted and 
FLAIR images involving the putamen, striatum, and globus pallidus (Fig. 25.1). 
Hyperintense signal in the midbrain around the red nucleus and substantia nigra 
may give the appearance of the “sign of the giant panda” that is most commonly 
seen in WD patients (Fig. 25.2). MRI structural changes only loosely correlate with 
neurologic deficits. Nonetheless, MRI monitoring can be very useful to detect clini-
cal deterioration after chelation therapy (see Fig. 25.2) or for clinical improvement 
if patients respond favorably to decoppering therapies [49].

 A normal MRI does not exclude WD.
A scoring system utilizing clinical and laboratory features, including the pres-

ence of Kayser-Fleischer rings, neurologic or neuroimaging features, hemolytic 
anemia, elevated liver function, elevated 24-h urine copper values, reduced cerulo-
plasmin, and mutation analysis has been developed [2]. The total score is generated 
by adding values from 0 (normal examination or absent laboratory abnormalities), 

a b c

Fig. 25.1 MRI of the brain at the time of diagnosis. The patient was 20-year-old woman who was 
diagnosed 14 months after exhibiting first symptoms. Faint T2 hyperintensity was observed in 
upper brainstem (panel a). Increased T2 signal in basal ganglia (panels b and c) is suggestive of WD
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2 points (abnormal clinical signs or abnormal laboratory tests present) to 4 points if 
both mutations are detected. Overall score of 4 or more points is highly suggestive 
for WD, and a score between 2 and 3 points is classified as probable WD where 
more diagnostic tests are needed [2].

 Second WD Emergency: Timely Treatment

The natural history of untreated symptomatic WD is eventual death caused by liver 
failure or complications from disabling neurologic deficits [1, 2, 29]. Currently pub-
lished therapeutic guidelines recommend life-long therapy for all patients, regard-
less of clinical symptoms or severity of their symptoms. Patients diagnosed and 
treated early may lead essentially normal lives. WD is curable by orthotopic liver 
transplant, but this approach is mostly reserved for fulminant liver failure, and its 
role as a rescue therapy for neurologic problems remains controversial [1]. Therapy 
should be initiated immediately after the diagnosis is confirmed, and a high degree 
of clinical suspicion for the diagnosis is essential. Average time from symptom 
onset to correct diagnosis and treatment is still around 1 year [29, 50]. This delay 
affects the overall success of therapy. Patients presenting with neurologic symptoms 
had best outcomes when the interval between first symptoms and initiation of ther-
apy was less than 1 month. Only 20% had very favorable outcome with no abnor-
malities or mild residual symptoms when the diagnosis and treatment was delayed 
by about half a year [11, 51]. The development of neurologic symptoms is the result 
of elevated NCC from chronic copper accumulation. Thus, the goals of therapy are 
to reverse copper overload and establish a negative copper balance during which 

a b c

Fig. 25.2 MRI of the brain 8 months after chelation therapy was initiated. She was started on 
D-penicillamine at an outside institution, and within 1 month she developed severe dystonia with 
mutism and severe Parkinsonism. This was irreversible and her neurologic deficits were fixed. Flair 
imaging showed worsening of hyperintensity in the midbrain (panel a) with the appearance 
suggestive of face of the giant panda (panel b). Severe cystic changes were detected in basal 
ganglia (panel c)
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NCC values are reduced to normal levels. The tight control of NCC is critical 
because it is likely the main cause of copper neurotoxicity and can be a trigger of 
further paradoxical worsening after the therapy is started [14, 15]. Therapy for WD 
can be divided into an acute chelating phase followed by a chronic maintenance 
phase after the patients achieve improvement of their copper balance.

WD is treated with chelating agents or zinc salts. Chelators nonspecifically bind 
copper and promote urinary copper excretion. D-penicillamine and trientine are the 
two currently available chelating agents [1–3, 10, 52] [another agent, 
tetrathiomolybdate, has been studied but not yet approved]. Both have rapid onset 
of action and are used in the acute phase of decoppering therapy. They can also be 
used for long-term maintenance therapy. Zinc works by a different mechanism of 
action, as it blocks the absorption of copper from the gastrointestinal tract by 
triggering increased expression of metallothioneins in the enterocytes [53, 54]. 
Metallothioneins are cysteine-rich proteins that bind various metal ions, including 
copper. The dietary copper bound to metallothionein is sequestered within the 
intestinal cells and prevented from absorption into the blood. Negative copper 
balance is achieved because copper is removed through the stool after the enterocytes 
are shed in the intestinal lumen as a part of normal cellular turnover. This is a 
cumulative effect that can take up to 3 months; thus, the main role of zinc is in the 
maintenance phase of therapy [53]. The transition to maintenance phase of therapy 
is based on clinical improvement and laboratory copper values. The typical interval 
occurs after 2–6 months of chelating therapy, but additional clinical and laboratory 
improvement can be observed up to 3 months after the initiation of chelation therapy 
with an ongoing improvement of neurologic symptoms.

D-Penicillamine remains the most frequently prescribed chelator in the treatment 
of WD around the world, and its major effect is the promotion of the urinary 
excretion of copper [8, 55, 56]. The starting dose for patients with neurologic 
symptoms should be 250–500  mg/day with a careful increase by 250  mg every 
5–7  days to monitor patients for possible worsening and side effects. The usual 
maximum dose in neurologic patients is 1500 mg/day. It is dosed three or four times 
per day either 1 h before meals or 2 h after meals because food reduces its absorption 
by almost half. Iron supplements and antacids also significantly reduce its absorption. 
D-Penicillamine has a strong cupreuremic effect and 24-H urine copper assay is 
used to monitor the therapeutic response [1, 2]. The aim of chelation therapy is to 
normalize NCC, but this test is not generally available. Calculated NCC based on 
total plasma copper and ceruloplasmin levels may be imprecise if plasma 
ceruloplasmin values are low. The dose is adjusted based on 24-H urine copper 
assay, and excretion of copper may exceed 1000  μg (16  μmol) per day at the 
initiation of therapy. D-Penicillamine can be also used for long-term maintenance 
therapy, and this dose is lower than during acute chelation. This dosing is usually 
750–1000  mg/day administered in two divided doses with expected daily urine 
excretion between 200 μg and 500 μg (3–8 μmol). Urine copper levels below 200 μg 
(3  μmol)/24  h suggest overtreatment with iatrogenic copper deficiency or 
noncompliance with treatment [8, 9].
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Frequent adverse effects are a major disadvantage of penicillamine, and up to 
one third of patients will eventually stop this therapy. This creates a high risk of 
noncompliance with a possibility of further worsening of neurologic symptoms. 
Acute sensitivity reactions include fever, lymphadenopathy, cutaneous eruptions, 
proteinuria, and signs of bone marrow suppression with neutropenia or 
thrombocytopenia [1]. Slower rate of dose titration or brief treatment with steroids 
has been suggested to mitigate these problems, but if alternative medications such 
as trientine are available, a change of chelating agent may be more suitable. Chronic 
adverse effects include nephrotoxicity with proteinuria, a lupus-like reaction with 
hematuria, proteinuria, positive antinuclear antibody, progeric changes in the skin, 
pemphigoid lesions, lichen planus, aphthous stomatitis, myasthenia gravis-like 
syndrome, and polymyositis. It also interferes with wound healing, and the therapy 
needs to be interrupted if surgery is planned. D-Penicillamine also has an 
antipyridoxine effect, and supplementation of pyridoxine (vitamin B6) or monitoring 
of pyridoxine levels has been recommended [57].

Trientine is approved by the FDA as second-line therapy for patients who did not 
tolerate D-penicillamine. It is a chelator with a high affinity for copper, and like 
penicillamine the bound copper is removed through urinary excretion. Trientine has 
a lower cupreuremic effect than D-penicillamine, and daily copper excretion in the 
range of 200–500  μg (3–8 μmoles) is commonly observed in WD patients on 
trientine [1, 58]. The target dose of trietine during initial therapy is 750–1500 mg/
day divided in two or three doses, and it also should be taken before food. Similar 
to D-penicillamine therapy, trientine should be started gradually in patients with 
neurologic symptoms, with 250  mg increments every 5–7  days. The typical 
maintenance dose is 750 or 1000 mg per day, and the dose is adjusted based on 
24-copper urine values. Daily urinary copper excretion below 200 μg may indicate 
either nonadherence to therapy or induction of copper deficiency from overtreatment. 
Trientine tends to be well tolerated and no significant acute or chronic side effects 
have been observed. Bone marrow suppression with thrombocytopenia and 
leukopenia is rare, and it should prompt an evaluation for evolving iatrogenic copper 
deficiency from overtreatment.

Zinc acetate is approved by the FDA for treatment of WD but other zinc salts, 
available over the counter, can be used as well [53, 59]. Zinc should be taken on an 
empty stomach and gastric irritation with nausea is the most common side effect. 
The severity of gastric intolerance may be influenced by the type of salt, and zinc 
gluconate can be used to ameliorate gastrointestinal side effects. The typical dose of 
zinc acetate or zinc gluconate is 50 mg three times per day [54]. The disease control 
on this therapy is also monitored by 24-h copper urine assay, but given the different 
mechanism of action, the target copper urine values differ from monitoring 
parameters of chelation therapies. Zinc does not promote urinary copper excretion, 
and an effective treatment reduces the overall copper urinary excretion, reflecting 
the reduction of copper overload. Daily urinary copper excretion of less than 75 μg 
indicates an adequate control on zinc therapy. The most common use of zinc is for 
maintenance therapy after chelators have reduced NCC and induced a negative 
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copper balance. When a patient is crossed over from a chelator to zinc, these two 
therapies need to overlap for a period of 2–3 months to maximize the effects on 
metallothionein. This is an especially suitable option for patients with neurologic 
phenotypes, and some patients with hepatic symptoms only may experience 
worsening of their disease control on zinc monotherapy.

 Third WD Emergency: Paradoxical 
Treatment-Induced Worsening

The goals of therapy for patients with neurologic presentations are to stop the pro-
gression of neurologic disability, followed by gradual improvement of neurologic 
symptoms. However, treatment with currently available chelating agents is 
associated with a relatively high risk of deterioration of neurologic symptoms, also 
known as medication-induced paradoxical worsening [16, 17]. The risk for 
worsening on chelation therapy is higher for patients with a delayed diagnosis, but 
some patients deteriorate even if therapy is started in a timely fashion. The main 
hypothesis explaining this phenomenon is an upsurge of free NCC, caused by 
copper dissociation from unstable complexes with chelators, triggering a cytotoxic 
effect in neuronal tissue with subsequent neurologic deterioration. Correlation 
between the stability of NCC control without additional elevations of NCC values 
and favorable neurologic outcomes has been reported, but NCC assay is not readily 
available as a routine clinical test to monitor elevation of NCC after treatment 
initiation [15]. Paradoxical worsening typically occurs within the first 6 months of 
therapy as this is the most crucial period of chelation therapy.

The first reports of medication-induced worsening suggested that D-penicillamine 
has the highest risk, and as many as 20–35% of treated patients with neurologic 
presentations have experienced further deterioration that is often irreversible [16]. 
Paradoxical neurologic worsening has been also observed in patients treated with 
trientine, with reported incidence of 10–15% [58]. This would potentially favor 
trientine as first-line chelation therapy for patients with neurologic symptoms, based 
on previous reports of much higher risk in patients treated with D-penicillamine. 
The severity of presenting neurologic symptoms and the extent of structural changes 
detected by magnetic resonance imaging with early signal changes in the basal 
ganglia, thalamus, and brainstem are risk factors for paradoxical worsening (see 
Figs.  25.1 and 25.2). Recommenced management of paradoxical neurologic 
worsening is to reduce the dose of the chelating agent. Additional steps include 
switching to a different chelating agent, especially if paradoxical worsening was 
induced by D-penicillamine; these patients should be switched to trientine at a 
lower dose. A temporary interruption of chelation can be also considered if no other 
treatment options are available.

More recent retrospective studies suggested that D-penicillamine, trientine, and 
zinc salts have very comparable incidences of paradoxical worsening, and one study 
found the least frequent deterioration in patients treated with D-penicillamine with 
the reported risk of 2% of neurologic decline, much lower than previous observations 
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[11, 60]. The lack of head-to-head comparison between these two chelators and the 
retrospective nature of most of the studies make it difficult to determine whether 
there is a superior chelator. Thus, until more conclusive clinical data is available, the 
selection of first-line chelation therapy for patients with neurologic phenotypes of 
WD needs to be based on additional factors, including personal experience and 
availability.

Zinc is considered a second-line therapy after laboratory signs of copper over-
load have been normalized by chelators. However, zinc has been used in patients 
with neurologic symptoms who are at risk for paradoxical worsening or who devel-
oped this problem on typical chelators [60]. The justification of zinc as first-line 
therapy in these patients is to lower the risk of paradoxical worsening [61, 62]. The 
effects of zinc on metallothionein expression are cumulative and there is a delay of 
several months until zinc is fully effective. That is why some consider first-line 
therapy with zinc too slow to effectively control neurologic phenotypes of 
WD.  Neurologic worsening has been also observed in patients with neurologic 
symptoms who were treated with zinc but is more likely caused by undertreatment 
[60]. Moreover, in initial treatment the doses of zinc need to be higher than for 
maintenance therapy and this is often poorly tolerated.

Liver transplantation corrects the genetic defect of WD and can be considered a 
curative procedure, even though it requires life-long immunosuppressive therapy in 
transplanted patients [1]. The indications for liver transplantation in hepatic forms 
of WD are generally well established [63]. WD patients who develop acute liver 
failure are candidates for transplantation because of very high mortality, and liver 
transplantation is a lifesaving procedure for these patients. Liver transplantation 
with a wild type of ATP7B gene promptly restores copper homeostasis with 
normalization of extrahepatic copper metabolism, including in the central nervous 
system. That is why this approach has been also advocated as a rescue therapy for 
neurologic patients who experienced progressive deterioration of their condition on 
chelation therapy [64–66]. However, the role of liver transplantation as a treatment 
for patients with severe neurologic deficits remains controversial. Improvement or 
even complete resolution after liver transplantation has been reported in some 
patients with severe and progressive neurologic deficits who did not respond to 
conventional chelation therapies. These positive outcomes are not universal, and no 
improvements or further progression has been also observed. The most 
comprehensive retrospective analysis of 18 patients with WD who underwent liver 
transplantation because of progressive neurologic deficits showed that four died and 
a major improvement was seen in eight patients [67]. The rest of the patients had 
less robust improvement or stabilization of their neurologic function. Thus, at 
present there are no consensus regarding the role of liver transplant to reverse 
neurologic deficits and no formal criteria of best candidates for liver transplantation 
for neurologic phenotypes [68].

Patients who experienced neurologic deterioration while on chelation or zinc 
typically show progression of orofacial dystonia, progressive dysphagia, and 
dysarthria. This is associated with a high risk of aspiration, and very close monitoring 
of swallowing is mandatory in the initial phase of WD treatment [69]. Some patients 
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may require percutaneous endoscopic gastrostomy feeding to maintain adequate 
nutrition and reduce the risk of aspiration. An additional life-threating emergency is 
status dystonicus, reported in a handful of patients after D-penicillamine [18, 19]. 
This is a potentially life-threatening complication of worsening WD, presenting as 
an acute and severe generalized dystonia associated with rhabdomyolysis, 
hyperpyrexia, acute renal failure, and respiratory insufficiency. Treatment options 
include adjustment or change of chelating agents, as outlined above. Pharmacological 
therapies include benzodiazepines, baclofen, VMAT2 (vesicular monoamine 
transporter 2) inhibitors, or a trial with levodopa. Bilateral globus pallidus pars 
interna (GPi) deep brain stimulation (DBS) can benefit patients in status dystonicus 
that is refractory to adjustments of decoppering therapies or other pharmacological 
measures [70]. Outcome of medication-induced status dystonicus in WD varies 
from mild recovery to a fatal outcome. Similar to other examples of paradoxical 
worsening, status dystonicus developed within the first 2  months of chelating 
therapies, further emphasizing that the early stages of acute chelation therapies are 
most critical.

 Conclusion

WD is the prototypical movement disorder challenge—a challenge to diagnose, a 
challenge to treat, and a challenge to monitor and maintain. However, if the clinician 
maintains a high index of suspicion for the condition and initiates and monitors 
chelation carefully, most patients can be effectively managed and live normal and 
productive lives.
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 Patient Vignette

A 31-year-old previously healthy man presented with an insidious 3-month history 
of anxiety and agoraphobia. In the last 4 weeks, he also developed upper limb action 
tremor and balance difficulties. This precipitous neurological decline prompted 
admission to the emergency unit. On examination he was very apathetic and almost 
mute. Smooth pursuit and saccadic ocular movements were intact, but he had bouts 
of ocular flutter. Mini-myoclonus in both hands and negative myoclonus in all four 
limbs interfered with smooth movements. He was slightly dysarthric, had mild dys-
metria, intention tremor, dysdiadochokinesia, and difficulties with tandem gait. 
Strength, reflexes, and sensation were intact. A thorough assessment which included 
blood and cerebrospinal fluid tests revealed abnormal liver function, whereas other 
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metabolic, inflammatory, and infectious tests were all within normal limits. Signs of 
chronic liver disease were seen in the abdominal CT (see Fig. 26.3g), and brain MRI 
showed poorly delineated T2 hyperintensity in the brainstem, ascending to dience-
phalic structures (see Fig.  26.3a–f). Serum ceruloplasmin level was borderline 
(19.3 mg/dL; normal value >20 mg/dl) but no Kayser-Fleischer rings were found. 
His family history was remarkable for a sister who was admitted to a psychiatric 
unit with a history of delusions and later experienced dystonia, tremor, and seizures. 
Her MRI also showed nonspecific T2 hyperintensities in the brainstem and thala-
mus. Although an extensive workup was done, she died without a diagnosis. With 
this information, a genetic disease was suspected in our patient and additional inves-
tigations were obtained. Finally, an increase in the 24-hour urinary copper (1145 μg; 
normal value 10–30  μg) and genetic testing showing a homozygous mutation 
(c.3207C > A) in the ATP7B gene confirmed the diagnosis of Wilson disease.

 Introduction

Wilson disease (WD) is a rare genetic disorder due to an inborn error of copper 
metabolism that typically manifests with hepatic cirrhosis and basal ganglia abnor-
malities [1]. The disease owes its name to the original report by the British neurolo-
gist Kinnier Wilson published in Brain in 1912 [2]. Wilson was the first to carry out 
a complete description of its clinical signs, along with descriptive photographs and 
histopathological reports of four patients who developed hepatic cirrhosis and extra-
pyramidal signs. He called the disorder “progressive lenticular degeneration” and 
also suspected a hereditary nature of the disease [2]. However, it is possible to find 
descriptions of this entity before 1912. Friedrich, in his book A Clinical Treatise on 
Diseases of the Liver, described a patient whose presentation sounded typical of 
WD [3]. In 1761, Morgagni catalogued several case reports of patients with liver 
disease and neurological signs dating back to the time of Galen [3].

WD is caused by mutations in ATP7B gene which encodes a transmembrane 
copper-transporting ATPase, leading to impaired copper homeostasis and copper 
overload in the liver, brain, and other organs. The clinical course of WD can vary in 
type and severity of symptoms, but progressive liver disease is a common feature. 
Patients can also present with neurologic and psychiatric symptoms [1, 4]. WD is 
diagnosed using staged algorithms that integrate clinical information, biochemical 
measures of copper metabolism, histopathological findings, and genetic testing for 
ATP7B mutations [5].

 Wilson disease should be considered, if not screened, in any patient pre-
senting with an unexplained psychiatric, neurological, and ophthalmological abnor-
malities (including atypical manifestations such as mutism, myoclonus, opsoclonus, 
or ocular flutter).

The prevalence of WD varies widely worldwide from 5 to 142 per million based 
on studies in different populations [6–8]. Recently, in a study done in the UK, the 
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entire ATP7B coding region and adjacent splice sites were sequenced in 1000 appar-
ently healthy neonatal controls. They found a high rate of ATP7B heterozygote 
mutation carriers (1 in 40), predicting a 1 in 7000 prevalence [8]. The prevalence of 
WD may be substantially higher in east Asian populations, where the prevalence is 
between 1:1500 [9] and 1: 3000 [10]. Some populations have a greater incidence 
and prevalence of WD than might be expected, possibly due to a founder effect. 
Some of these isolates were reported in the Greek islands of Crete [11], Sardinia 
[12], and Kalymnos [13], and the island of Gran Canaria [14], while the highest 
prevalence of genetically confirmed WD is 885 per million from the region of Rucăr 
in Romania [15].

WD is one of only a few treatable genetic movement disorders, making its 
prompt recognition and diagnosis an emergency for the patient and the clinician [1, 
16]. In 1948, dimercaprol was introduced as the first possible effective treatment in 
WD; prior to this, all patients universally died shortly after diagnosis [17]. Due to 
its low prevalence and broad clinical spectrum, the diagnosis of WD is often missed 
even by experts [18]. This is a critical challenge, as delays in diagnosis and treat-
ment weigh heavily on prognosis and outcome [16, 17].

 Pathophysiology

Copper is an essential trace metal, required as a structural component or cofactor for 
many enzymatic physiological processes including angiogenesis and neuromodula-
tion. Nonetheless when present in excess, free copper may induce oxidative stress 
and cellular damage [19]. Total copper balance is maintained by regulation of the 
rate of uptake in the small intestine from diet and its biliary excretion [20]. Usually, 
dietary copper is absorbed in the stomach and duodenum and transported via the 
portal vein to the liver where it is taken up into the hepatocyte via copper transporter 
1 (CTR1). In the cytoplasm, copper is bound to the scavengers glutathione and 
metallothionein. Antioxidant protein 1 (ATOX1), a chaperone, delivers copper to 
the ATP7B, a specific transporting ATPase located in the trans-Golgi network. At 
low copper concentrations, ATP7B participates in the mechanism for incorporating 
copper into apo-ceruloplasmin to generate holo-ceruloplasmin, but at high copper 
concentrations, it works loading copper into vesicles for its biliary excretion [21, 
22] (Fig. 26.1).

The underlying pathophysiological mechanism of WD relies on a defect in the 
ATP7B protein. This protein is highly expressed in hepatocytes and, at lower levels, 
in the kidney, placenta, brain, lung, and even heart [19, 21]. This deficiency is deter-
mined by more than 700 known associated mutations of the ATP7B gene [4, 23], 
which is located on the short arm of chromosome 13 and contains 20 introns and 21 
exons [4]. Mutations are frequently missense or nonsense variants, which can affect 
any of the 21 exons in the gene [23]. Diverse ATP7B variants are expressed in dif-
ferent functional transporter properties [24]. Disease penetrance may be 100% but 
with diverse phenotype [23].
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Reduced or dysfunctional ATP7B results in diminished serum ceruloplasmin lev-
els, with concentrations of free serum copper usually increased, although total 
serum copper levels may be decreased compared with healthy controls. The over-
load of toxic copper in hepatic and other tissues is the major source of WD patho-
logical tissue changes and clinical symptoms in ATP7B homozygous or compound 
heterozygous carriers [4]. Liver copper concentration is typically increased early in 
the disease course. It is initially distributed diffusely in the cytoplasm of hepato-
cytes bound to metallothionein. As copper accumulates in lysosomes, it becomes 
detectable by different stains such as Timm, rhodanine, and orcein. Chronic hepato-
cyte injury leads to hepatitis and the net accumulation in the extracellular matrix to 
fibrosis within the liver [4]. Determination of liver copper concentration has diag-
nostic implications.

 Signs and Symptoms

WD may present with a variety of clinical manifestations depending on the organ 
affected with pathologic accumulation of copper. Therefore hepatic, neurologic, 
psychiatric, and ophthalmological manifestations will be the main findings. Other 
clinical features are hematologic disorders, osteoarthritis, tubular renal dysfunction, 
and cardiomyopathy, among others [25] (Table 26.1).

Symptoms usually present between the ages of 5 and 35 years. As a general rule, 
hepatic compromise predominates in younger patients (especially in the first 
decade), and neuropsychiatric symptoms in older patients (in the third decade) [26]. 
Most patients have a combination of features.

NORMAL HEPATOCYTE WILSON DISEASE

ATOXI

Golgi

Cu

ATP7B
NUCLEUS NUCLEUS

High Copper
concetration

Copper excess

Glutathione

Metallothionein

Low copper
concentration

CRT1 CRT1

Plasma Plasma

ATP7A

Biliary
canaliculus

Holoceruloplasmin

Apoceruloplasmin

Fig. 26.1 Molecular mechanism underlying Wilson disease. Abbreviations: Cu copper, ATOX1 
antioxidant protein 1, CRT1 copper transporter 1. (Modified from [22])
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Table 26.1 Spectrum of manifestations in Wilson disease [1, 4]

Organ Affected Possible Manifestations
Liver Presentation Asymptomatic elevation of transaminases

Asymptomatic hepatomegaly
Steatosis
Nonalcoholic steatohepatitis (NASH)
Acute hepatitis
Fulminant hepatitis
Chronic active hepatitis
Compensated cirrhosis
Decompensated cirrhosis

Neurologic presentation Isolated tremor
Dystonic syndrome
Parkinsonian syndrome
Ataxic syndrome
Combined movement disorders
Speech disturbances
Gait and balance disturbances

Psychiatric presentation Cognitive impairment
Dementia
Personality changes
Mood disorders
Psychosis

Ocular presentation Kayser-Fleischer rings
Sunflower cataract
Ocular movement disorders

Hematologic Presentation Hemolytic anemia
Thrombocytopenia

Renal presentation Aminoaciduria
Hypercalciuria
Hyperphosphaturia
Nephrolithiasis and nephrocalcinosis
Tubular dysfunction

Cardiological presentation Cardiomyopathy
Cardiac arrhythmia

Endocrine presentation Parathyroid insufficiency
Disorders of growth
Glucose intolerance
Menstrual irregularity
Delayed puberty
Gynecomastia

Cutaneous presentation Hyperpigmentation of lower limbs
Azure lunulae of the nails
Anetoderma
Xerosis
Acanthosis nigricans
Subcutaneous lipomas
Dermatomyositis

Musculoskeletal presentation Osteoarthritis
Chondrocalcinosis
Osteoporosis
Rhabdomyolysis
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Hepatic manifestations are the first clinical signs in 40–50% of cases [26]. 
Although these disorders vary immensely [26], most patients develop a slowly pro-
gressive hepatic failure with cirrhosis and portal hypertension. Even so, acute hepa-
titis, hemolytic anemia, and acute fulminant hepatic failure have been described 
[16, 26]. Isolated mild elevations in liver tests occur in about 20% of asymptomatic 
ATP7B homozygous carriers identified by family genetic screening. Mild hepato-
megaly or even unrecognized advanced liver disease may be associated [26]. 
Approximately 5% of WD cases present with acute liver failure, typically in the 
second or third decade of life. Remarkably, these patients have an accompanying 
nonimmune hemolytic anemia, with ratios of alkaline phosphatase to bilirubin 2.2. 
All of these patients have an underlying fibrosis or cirrhosis undetected until their 
critical presentation. Unless a timely liver transplant is performed, the evolution 
leads to invariable progression to death [23].

In 16–68% of patients, the liver disease does not reveal itself, and the diagnosis 
of WD can be made from neurologic symptoms later in life [2, 5]. In untreated 
cases, neurologic symptoms accumulate, leading to severe disability and eventually 
death [16, 27]. In some patients neurologic impairment progresses slowly over 
years, while in others symptoms present rapidly [5]. Among neurologic symptoms, 
the most distinct features are dystonia, parkinsonism, chorea, ataxia, tremor, and 
dysarthria [16, 27]. In a review by Lorincz of patients with neurologic WD, the most 
frequent manifestations were dysarthria (85–97%), dystonia (11–65%), tremor 
(22–55%), parkinsonism (19–62%), choreoathetosis (6–16%), and ataxia (in around 
30%) [28]. Dysarthria in WD is frequently mixed with spastic, ataxic, hypokinetic, 
and dystonic components [28]. Dystonia may be generalized, multifocal, segmen-
tal, or focal, including vocal cord dystonia, writer’s cramp, and foot dystonia. A 
characteristic sign in WD is the focal dystonic exaggerated smile, known as the 
risus sardonicus [29].

Early in neurologic WD, tremor can mimic essential tremor, with arms more fre-
quently involved than head and legs. Asymmetry and absence of voice tremor may 
help in the differential. A position and task-dependent tremor may also be present [29, 
30]. Though it is not the most frequent type, a “wing-beating” tremor is prototypical 
of WD. It is characterized by a low-frequency, high-amplitude, posture- induced prox-
imal arm tremor, elicited by sustained abduction of the arms, with flexed elbows and 
palms facing downward [31]. Bradykinesia, asymmetric rigidity, tremor, and imbal-
ance are the most common parkinsonian features [28]. Chorea is rarely present in 
isolation in WD and is more common in younger patients under the age of 16 [32]. 
Cerebellar signs, for example, overshoot of the eyes and limbs, ataxic gait or dysar-
thria can be found [28]. Although hepatic and neurological manifestations are the first 
clinical signs in most patients, psychiatric features may precede them in 15–20% of 
cases [6, 33]. It is common to observe behavioral and personality changes, anxiety, 
depression, mania and hypomanic syndrome, cognitive deficits, sleep problems, and 
sexual dysfunction [27, 33]. Personality disorders are common with a lifetime preva-
lence up to 70%, including features such as irritability or aggressiveness [34].

The ocular manifestations of WD include KF rings and sunflower cataract [35]. 
The former, described as golden brown, green, or yellow coloration seen at the 
periphery of the cornea, results from copper deposition in Descemet’s membrane. 
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Although in some cases, they may be visible to the naked eye, a slit lamp examina-
tion is usually required. They are almost always bilateral, appearing early in the 
upper pole of the cornea, then inferiorly, and later circumferential [35, 36]. KF rings 
are a pathognomonic feature of WD. They are detected in only 20–30% of pre- 
symptomatic patients, 40–50% of patients with hepatic compromise, and in almost 
all neuropsychiatric cases [36]. They are rarely observed in other conditions, like 
obstructive liver diseases, monoclonal gammopathies, multiple myeloma, arci seni-
lis, and pulmonary carcinoma [37]. Sunflower cataract, a very rare finding in WD, 
consists of a thin, centralized opacification surrounded by secondary opacifications 
arranged in a ray-like structure. It is located directly under the anterior eye capsule, 
and interestingly, its presence appears to have a limited effect on visual acuity [38]. 
Both ophthalmological signs are reversible after treatment.

Ocular motility abnormalities such as accommodation defects [39], distractibil-
ity of gaze fixation [40], abnormal anti-saccades, altered smooth pursuit movements 
[41], and abnormalities of vertical gaze and optokinetic nystagmus [42] have been 
described. Ocular flutter consists of high-frequency saccadic oscillations confined 
to one plane, usually horizontal, with no intersaccadic interval, usually resulting 
from a lesion in the pons and/or cerebellum [1]. Opsoclonus falls along the same 
spectrum; they share similar etiologies, topographic lesion localization, and it is 
possible for ocular flutter to progress to opsoclonus and vice versa [43]. Therefore, 
the patient described in the initial vignette presented with an opsoclonus-myoclonus 
syndrome. Interestingly, this presentation has not been previously reported in the 
literature. Yet, Samuel Alexander Kinnier Wilson described in the first case of his 
series “...her eyes “dance” slightly before her gaze comes to rest on a given object. 
On testing her, however, there is no nystagmus in any direction...” [2]. Opsoclonus- 
myoclonus syndrome, in addition to the ocular movements and myoclonic jerks, is 
usually associated with cerebellar ataxia, postural tremor, dysarthria, mutism, apha-
sia, encephalopathy, and behavioral disturbances. As seen in our case, it typically 
has a subacute and progressive presentation [44–46].

Clinical scales like the “Unified Wilson Disease Rating Scale” (UWDRS) [47] or 
the “Global Assessment Scale” (GAS) for WD [48] are useful to establish symptom 
severity during the diagnostic and follow-up phases. However, scales may underes-
timate symptoms like myoclonus, ocular movement disorders, or other less frequent 
manifestations. Likewise, the minimal UWDRS is an adequate nine-item prescreen-
ing tool for the evaluation of the neurological status in WD patients with mild to 
moderate neurologic symptoms [49].

 Assessment

As the clinical spectrum is broad, the initial assessment depends on the clinical 
picture. As an example, the above case featuring a subacute onset of apathy-mutism 
and opsoclonus-myoclonus syndrome includes a large differential diagnosis [44, 
45] of paraneoplastic, autoimmune, para-infectious, toxic, metabolic, and structural 
etiologies. An appropriate workup should include general metabolic and infectious 
blood tests, a paraneoplastic antibody panel, occult neoplasm screening, a lumbar 
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puncture, and a brain MRI. Within the clinical assessment, looking for KF rings is 
a key step when WD is in the differential. They are present in 90–95% of patients 
with neurologic symptoms and in over half of those without neurologic symptoms 
[50]. However, Youn et al. found in his case series that 26.7% (12/45) of the patients 
with WD and neurologic symptoms had no KF rings. He also noted that these 
patients had a higher ceruloplasmin and serum copper level while liver cirrhosis and 
typical signal changes in brain MRI were less common [51]. Similar observations 
have been made by other authors with KF rings reported in 72 [52] to 77.8% [53] of 
patients manifesting neuropsychiatric symptoms. Other authors have related the 
presence of KF ring to the genetic status of the patients [54]. As mentioned before, 
KF rings are almost always bilateral, and the upper pole of the cornea is first 
affected. The inferior corneal quadrants are involved later by the circumferential 
spread [50], so it is essential to carry out a thorough examination of the entire cor-
neal circumference, using the slit lamp by an experienced ophthalmologist. For this 
reason, we suspect that some reports of negative KF rings cases are due to technical 
issues. Considering the discussion above, the absence of KF rings should not rule 
out the disease. It is also important to emphasize that KF rings are not pathogno-
monic of WD. Other causes are listed in Table 26.3.

A brain MRI, which is usually requested at the initial assessment, is often a tre-
mendously helpful tool. Most typical findings are listed in Table 26.2. The sign of 
the double panda, characteristic of this condition [55], and other classical findings 
on MR are shown in Figs. 26.2 and 26.3.

As there is no specific laboratory test for WD, a combination of tests reflecting 
disturbed copper metabolism is needed. The detection of serum ceruloplasmin lev-
els is the most commonly used worldwide, with serum concentrations under 0.2 g/L 

Table 26.2 Brain MRI characteristics according to a prospective study involving 100 patients 
with Wilson disease. Adapted from [56]

Brain MRI changes distribution in patients with Wilson disease
Atrophy distribution %
Cerebral
Brainstem
Cerebellar

70
66
52

Signal intensity changes distribution %
Putamen
Caudate
Globus pallidus
Thalamus
Midbrain
   Face of giant panda
Pons
Internal capsule
Medulla
Cerebellum
Cerebral white matter
Cortical lesions

72
61
40
58
49
12
20
15
12
10
25
9
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being suggestive for WD [5, 58, 59]. Nevertheless, about half of patients with active 
liver disease have levels within the low normal range, and 5–15% have levels 
slightly lower than normal [58, 59]. In fact, it has been shown that subnormal ceru-
loplasmin levels have a positive predictive value of only 6% when used as the sole 
screening test for WD [59]. Since ceruloplasmin is an acute-phase reactant, it may 
be increased in the setting of various inflammatory processes and medications, 
including hepatitis and steroid administration (Table 26.3). Measurement of 24-hour 
urinary copper excretion is often requested after finding an abnormal ceruloplasmin 
level, as it reflects the amount of non-ceruloplasmin-bound copper in the circulation 
[5]. An excretion greater than >1.6 μmol (100 mcg) supports the diagnosis, albeit it 
may be lower or even normal in some patients, especially in children [58, 59].

Liver biopsy is the gold standard to corroborate hepatic copper accumulation. 
Due to sampling errors however, estimations from a sole biopsy sample may be 
misrepresentative because of the heterogeneous distribution of copper within the 
liver, especially in the later stages of WD. Accuracy of measurement is improved 
with adequate specimen size (at least 1 cm of biopsy core length). A hepatic copper 

a b

Fig. 26.2 The “double panda sign” in Wilson disease. (a) The midbrain “panda sign” on 
T2-weighted MRI has been described as preservation of normal signal intensity in the red nuclei 
and lateral portion of the pars reticulata of the substantia nigra, high signal in the tegmentum, and 
hypointensity of the superior colliculus. (b) The “face of the miniature panda” is seen within the 
pontine tegmentum. It is delineated by the relative hypointensity of the medial longitudinal fas-
ciculi and central tegmental tracts (“eyes of the panda”) in contrast with the hyperintensity of the 
aqueduct opening into the fourth ventricle (“nose and mouth of the panda”) bounded inferiorly by 
the superior medullary velum. The superior cerebellar peduncles form the panda’s “cheeks.” The 
presence of “the face of the panda” on the midbrain and the “face of the miniature panda” at pons 
in the same patient has been called “the double panda sign.” (Reprinted with permission from 
Jacobs et al. [55])
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weight >4 μmol (>250 μg) per gram of dried liver tissue is considered the best bio-
chemical evidence for WD [59]. Histochemical techniques with copper stains are 
also used and are usually more accessible. The limitation of rhodamine stain is that 
it has a sensitivity of less than 10% as it detects only lysosomal copper deposition 
[60]. For this reason, hepatic copper overload cannot be excluded by histochemical 
evaluation alone, and the method of choice for the diagnosis of WD should be the 
measurement of hepatic parenchymal copper concentration. Other liver disorders, 
particularly those involving cholestasis, may have increased copper concentrations 
as well [61] (see Table 26.3).

Molecular analysis looking for pathogenic variants in the copper-transporting 
gene, ATP7B, should be considered in patients with a provisional diagnosis of 
WD. While the extensive coding region and the fact that more than 700 mutations 
have been described are major drawbacks, genetic analysis allows confirmation of 
the disease. Autosomal recessive diseases are not usually present in consecutive 
generations, but may occur in populations with high carrier ATP7B pathogenic vari-
ants. Not surprisingly, the presence of WD in two or more successive generations 
within the same family, reflecting a “pseudo-dominant” inheritance, has been 
reported. Therefore, the diagnosis of WD should not be ruled out merely due to a 
puzzling family history suggestive of an autosomal-dominant inheritance pattern. 

a b c d

e f g

Fig. 26.3 (a–d) Axial T2-weighted MRI of the midbrain and pons showing high signal intensity 
in the tegmentum. Relative preservation of signal intensity in the red nucleus, substantia nigra, and 
superior colliculus is similar to the “face of the giant panda” sign description [57] (a). Pontine 
tegmentum hyperintensity with relative preservation of signal in the longitudinal medial lemniscus 
is similar to the “face of the miniature panda” sign description [55] (d). (e) Sagittal T2-weighted 
MRI showing cerebellar atrophy. (f) Abnormal signal increased in FLAIR in both mesencephalon 
and pons and mild diffuse cerebral atrophy. (g) The liver shows alteration in its morphology and 
architecture with markedly nodular edges; mild splenomegaly is also observed. Abbreviations: r 
red nucleus, sn substantia nigra, sc superior colliculus, * longitudinal medial fasciculus
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Recent studies have also identified WD due to atypical forms of inheritance, such as 
uniparental disomy [62].

 Diagnosis

Early diagnosis and treatment of WD may prevent serious long-term disability and 
life-threatening complications. The diagnosis can be challenging since there is no 
consistent gold standard test for its confirmation. Hence, no single diagnostic test 
can exclude or confirm this disease with 100% certainty. A combination of clinical 
and laboratory tests is often required instead. Ferenci et al. published the consensus 
on WD diagnosis established at the 8th International Meeting on WD and Menkes 
disease in Leipzig, Germany (2001) [63]. Those criteria were re-evaluated by 
Nicastro et al. on 2010, confirming that WD scoring systems provide good diagnos-
tic accuracy, with a positive and negative predictive value of 93% and 91.6% respec-
tively, in children [64]. Finally, in 2012 the European Association for the Study of 
the Liver (EASL) published the clinical practice guidelines for the diagnosis of WD, 
determining a diagnostic algorithm based on the Leipzig Score [5] (Table 26.4 and 
Fig. 26.4).

Table 26.3 Causes of false negative and false positive results of different biomarkers used for 
Wilson disease diagnosis [5, 27]

Test False negative False positive
Serum ceruloplasmin Normal levels

   Marked hepatic inflammation
   Overestimation by 

immunologic assay
   Steroids therapy
   Pregnancy, estrogen therapy

Low levels in
   Autoimmune hepatitis
   Protein loss
   Aceruloplasminemia
   Heterozygotes

24-hour urinary copper Normal
   Incorrect collection
   Children without liver disease

Increased
   Hepatocellular necrosis
   Cholestasis
   Contamination

Serum “free” copper Normal if ceruloplasmin 
overestimated by immunologic 
assay

Hepatic copper Due to regional variation
   In patients with active liver 

disease
   In patients with regenerative 

nodules

Cholestatic syndromes

Kayser-Fleischer rings by 
slit lamp examination

Absent
   In almost 50% of patients with 

hepatic presentation
   In 20–30% of pre-symptomatic 

patients
   In most asymptomatic siblings

Primary biliary cirrhosis
Chronic cholestasis with serum 
bilirubin >20 mg/dL
Monoclonal gammopathies
Multiple myeloma
Arcus senilis
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According to the EASL guidelines, the combination of typical clinical symptoms 
plus KF rings and a serum ceruloplasmin level less than 0.1 g/L are sufficient to 
establish a diagnosis [5].

 The absence of low serum ceruloplasmin or Kayser-Fleisher rings does 
not definitively exclude the diagnosis of neurological Wilson disease.

Table 26.4 EASL Wilson disease score based on the Leipzig criteria [5, 64]

Feature Result Score Sensitivity and specificity
Kayser-Fleischer rings Present

Absent
2
0

May be absent in up to 50% of 
patients with Wilson disease 
affecting the liver

Typical neuropsychiatric 
symptoms (or typical 
brain MRI)

Severe
Mild
Absent

2
1
0

Coombs-negative 
hemolytic anemia

Present
Absent

1
0

Could be the presenting 
symptom in up to ˜12%

Serum ceruloplasmin <10 mg/dL = 2 2 Sens. 65–78.9%
Spec. 96.6–100%

10–20 mg/dL = 1 1 Sens. 77.1–99%
Spec. 55.9–82.8%

Normal (>20 mg/dl) = 0 0
Urinary copper (in the 
absence of acute 
hepatitis)

>2x ULN 2 0.64 μmol/24 hours
   Sens. 78.9%
   Spec. 87.9%
1.6 μmol/24 hours
   Sens. 50–80%
   Spec. 75.6–98.3%
The D-penicillamine test had 
only a sensitivity of 12.5%

Normal but >5 ULN 1 day 
after challenge with 
2 × 0.5 g D-penicillamine
(Not recommended in 
adults)

2

1–2x ULN 1
Normal 0

Liver biopsy copper 
quantitative 
measurement

>5x ULN (> 4 μmol/g)
Up to 5x ULN 
(0.8–4 μmol/g)
Normal (<0.8 μmol/g)

2
1
0

4 μmol/g
   Sens. 65.7–94.4%
   Spec. 52.2–98.6%

Rhodanine (+) 
hepatocytes

Present
Absent

1
0

Reveal focal copper stores in 
<10% of patients

Mutation analysis Homozygous pathologic 
mutation
Heterozygous pathologic 
mutation
No pathologic mutation

4
1
0

Assessment of the Wilson disease diagnosis score
4 or more: diagnosis of Wilson disease established
3: diagnosis of Wilson disease possible; do more investigation
2 or less: diagnosis of Wilson disease unlikely
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 Treatment

The aim of treatment is to remove the accumulated copper and prevent further cop-
per gain. This is mediated by drugs that chelate copper and those that prevent gas-
trointestinal copper absorption [4]. Among patients with WD diagnosis, symptomatic 
and asymptomatic patients should be treated for life. Only patients heterozygous for 
ATP7B mutations do not require treatment as the WD diagnosis is not established. 
Symptomatic patients should receive an initial intensive therapy, with the aim of 
stabilizing liver disease and reversing or slowing down neurologic symptoms. It 
usually takes 1 or 2 years before maintenance treatment is introduced. In asymp-
tomatic patients, a maintenance therapy is recommended [66].

The first drug used was a copper chelator, dimercaprol. It showed remarkable 
clinical improvement, but its long-term use resulted in considerable adverse events, 
drug tolerance, and waning clinical benefits [66]. Around the world, D-penicillamine 
(D-penicillamine, β,β-dimethylcysteine, β-thiovaline) is often the first-line treat-
ment in symptomatic patients during the initial intensive phase of treatment and 
later as maintenance therapy, as it can be safely used for long term, even during 
pregnancy. It is also recommended in pre-symptomatic patients. It is a thiol with a 
sulfhydryl group that binds copper and facilitates its excretion into urine. This drug 
was introduced in 1955 by John Walshe and it marked a substantial improvement in 
patient’s prognosis and survival [66, 67]. It should be started in a very slow ascend-
ing scheme to avoid the paradoxical neurologic deterioration observed in patients 
who start treatment with a high/full dose [67]. The strategy for de-coppering is to 

Typical Clinical Symptoms+Kayser-Fleischer rings+Serum Ceruloplasmin

Score 0-1 Score 2-3

Urinary copper
>1.6 µmol/24h

Urinary copper
>1.6 µmol/24h

> 4 µmol/g

< 4 µmol/g

Hepatic copper

Score ≥4
DIAGNOSIS

ESTABLISHED

Homozygous

Mutation
analysis

No ATP7B
gene

mutation

Score ≤3

Heterozygous

Fig. 26.4 Algorithm for Wilson disease diagnosis. (Adapted from [5])
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“start low and go slow” whichever is the chosen drug. Penicillamine mobilizes tis-
sue copper stores and long-term use is associated with normalization of body cop-
per balance. As tissue copper stores decrease, penicillamine-induced copper 
excretion decreases, typically by the end of 1 year [66]. Food reduces penicillamine 
absorption by over 50%; therefore, the drug should be given on an empty stomach. 
Early-onset and late-onset adverse effects are listed in Table 26.5.

Another copper-chelating agent that can be used as an alternative to penicilla-
mine is trientine. This substance has four amino groups that form a stable ring com-
plex with copper and facilitates cupriuresis. It is mainly used as an option in patients 
in whom penicillamine had to be discontinued due to adverse events, but it can also 
be prescribed as first-line therapy for symptomatic, asymptomatic, and pregnant 
patients [23, 66]. Its mechanism of action, dosing, and adverse effects are summa-
rized in Table 26.5.

Among drugs that prevent gastrointestinal copper absorption are zinc acetate and 
tetrathiomolybdate. Zinc salts are absorbed by enterocytes, where they act by 
increasing the production of metallothionein up to 25-fold within 2 to 3 weeks of 
initiation of therapy. Metallothioneins are cysteine-rich proteins that bind various 
metal ions having a stronger affinity for copper than for zinc. The copper bound to 
metallothionein is sequestered within the enterocytes and prevented from absorp-
tion into the blood. The metal is subsequently lost in feces when the enterocytes are 
shed in the intestinal lumen during normal cellular turnover [66]. Zinc is recom-
mended as maintenance therapy in symptomatic patients once symptoms have 
regressed following treatment with oral copper chelators. It has also been given as 
first-line therapy in asymptomatic patients.

Tetrathiomolybdate is not yet approved for WD, but this drug has been proven 
to block dietary copper absorption almost completely when given orally, by 
forming complexes with copper and proteins in the gut lumen that are not 
absorbed by intestinal cells and are eliminated in the feces. It requires multiple 
doses during day and is recommended for use for a few months only. Drug-
induced neurological worsening has been reported but is possibly less common 
than that reported with trientine or penicillamine. Both ammonium TTM and the 
more recently developed choline TTM are promising therapies for WD that are 
in phase 2 and phase 3 multinational clinical trials. They are not as yet commer-
cially distributed [66]. A summary of drug mechanisms of action, doses, and 
adverse effects is presented in Table 2.5.

It is recommended to perform monitoring at least twice a year, to determine 
adequacy of treatment with respect to clinical improvement and biochemical 
changes, to assess medication adherence, and to detect any treatment-induced 
adverse events. For patients on chelation therapy, elevated values for urine copper 
may suggest nonadherence to treatment, and hepatic deterioration may follow. Low 
values for urine copper excretion for patients on chelation treatment may also indi-
cate overtreatment, and this finding is accompanied by very low values for estimates 
of non-ceruloplasmin-bound copper [4]. A low-copper diet can be advised but it 
doesn’t prevent copper gain [66]. Patients with WD should generally avoid foods 
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Table 26.5 Drugs used in the treatment of Wilson disease [4, 25, 66, 67, 68]

Drug Mechanism of action Dose Adverse effects (AE)
D-penicillamine Chelation and urinary 

excretion of copper
Initial dose: 
≤125 mg/day
Maximum dose: 
2500 mg at day 
divided in 3 doses
Increments: 
125 mg/day every 
3–4 days
Maintenance 
dose: usually up 
to 1000 mg/day
Given on an 
empty stomach
(Children: 20 mg/
kg/body weight)
Supplement with 
20–25 mg of 
pyridoxine/day

Early oversensitivity AE 
(<3 weeks):
Fever, cutaneous erosions, 
lymphadenopathy, 
neutropenia and 
thrombocytopenia and 
proteinuria
Late AE:
Nephrotoxicity, 
dermatologic symptoms, 
lupus-like syndrome, serous 
retinitis, myasthenia-like 
syndromes, polymyositis, 
aplastic anemia, IgA 
deficiency, and loss of taste
Patients should be 
monitored regularly during 
treatment
*Paradoxical neurological 
deterioration

Trientine Chelation and urinary 
excretion of copper

Initial dose: 
0.75–1.5 g/day in 
three divided 
doses Maximum 
dose: 2.4 g/day
Maintenance 
dose: 0.5–1 g/day
(Children 20 mg/
kg/day)

Sideroblastic anemia (due 
to chelation of iron). 
Lupus-like reactions, 
hemorrhagic gastritis, loss 
of taste, and rashes
Autoimmune disorders 
same as D-penicillamine 
but occur less frequently
*Paradoxical neurological 
deterioration

Zinc acetate Blockage of copper 
absorption by inducing 
metallothionein 
synthesis in enterocytes 
(adequate induction 
needs 3 weeks)

150 mg/day of 
elemental zinc in 
three divided 
doses
(In children 
<50 kg in body 
weight, the 
recommended 
dose is 75 mg)

Dyspeptic symptoms in 
10% of patients
Gastric ulcers, especially 
with zinc sulfate
*Less frequent paradoxic 
neurological worsening 
than chelators

Tetrathiomolybdate Blockage of copper 
absorption by forming 
complexes with copper 
and proteins in the gut 
lumen that are not 
absorbed by the 
intestinal cells and are 
eliminated in the feces

Ongoing trials Reversible bone marrow 
depression, rise in 
aminotransferases, acute 
hepatitis, markedly elevated 
triglycerides and 
cholesterol levels, and 
seizures
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with very high concentrations of copper (shellfish, nuts, chocolate, mushrooms, and 
organ meats) at least in the first year of treatment [4].

The main indication for liver transplantation is acute liver failure and advanced 
end-stage liver disease nonresponsive to medical therapy. As WD is primarily a liver 
disease characterized by copper defects in hepatocytes, liver transplantation can be 
considered a cure of the gene defect and can restore copper homeostasis [4, 25].

Symptomatic therapy of neurologic impairments depends mainly on predomi-
nant signs, such as dystonia, parkinsonism, or tremor and is based on experiences 
from treatment in other diseases [4].

 Conclusion

Wilson disease may present with a wide spectrum of clinical manifestations. It must 
always be kept in mind as a differential diagnosis for any movement disorder, espe-
cially in young patients (typically under the age of 50) with concomitant hepatic 
compromise, even when the neurological manifestation is atypical. Establishing the 
diagnosis of Wilson disease is not always straightforward. Following a step-by-step 
diagnostic algorithm can provide clarity in challenging cases. Since Wilson disease 
is one of the few treatable movement disorders, early diagnosis and treatment are 
determinants in prognosis, preventing serious long-term disability and life- 
threatening complications.
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X-Linked Adrenoleukodystrophy: 
Addisonian Crisis in a Patient with 
Spastic Paraparesis-Ataxia Syndrome

Philippe A. Salles and Hubert H. Fernandez

 Patient Vignette

A 28-year-old man with a 5-year history of progressive spastic paraparesis of 
unknown etiology, with comorbid sphincter and sexual dysfunction, was brought to 
the emergency department (ED) because of a 3-day history of marked exacerbation 
of spasticity in his lower limbs, followed by two syncopal episodes, emesis, vegeta-
tive symptoms, and finally psychomotor agitation. At the ED he was noted to be 
agitated and confused. He had no fever, but his vital signs were remarkable for 
hypotension and tachycardia. Brain CT and CSF analysis were unremarkable. His 
clinical picture progressed with persistent hypotension, hypoglycemia, hyponatre-
mia, hyperkalemia, and a low cortisol level. Suprarenal insufficiency was confirmed, 
and he was started on steroid replacement, along with correction of hypoglycemia 
and electrolyte imbalance. While his mentation slowly improved, his spasticity with 
severe spasms persisted. Neurological and general evaluation during admission was 
remarkable for hyperpigmented skin and gums, frontotemporal alopecia (Fig. 27.1), 
cognitive slowness, spastic paraparesis-dystonic syndrome, and mild ataxia with 
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hypermetric saccades, mild dysmetria, dysdiadochokinesia, and dyssynergia, with 
generalized hyperreflexia and bilateral Babinski signs. His MRI showed signal 
changes in parieto-occipital deep white matter and splenium of the corpus callosum 
(Fig. 27.2). Based on the clinical and radiological characteristics, along with ele-
vated very long-chain fatty acid (VLCFA) levels, X-linked adrenoleukodystrophy 
was confirmed.

 Introduction

X-linked adrenoleukodystrophy (ALD) is both the most common inborn error of 
metabolism of peroxisomal beta-oxidation and the most frequent monogeneti-
cally inherited demyelinating disorder [1]. In the United States, the estimated 
overall minimum frequency is about 1:21,000 for hemizygote men and 1:14,000 
for heterozygote women [2]. Now that newborn screening has been implemented 
in some parts of the world, the true prevalence could be even higher [3]. It is an 
X-linked hereditary disease caused by pathogenic variants in the ATP-binding 
cassette, subfamily D, member 1 (ABCD1) gene, located on chromosome Xq28, 
that codes for the peroxisomal half-transporter of CoA-activated very long-chain 
fatty acids (VLCFA), responsible for the transportation of VLCFA into the peroxi-
some [4, 5]. Deficiency of the enzyme very long-chain acyl CoA synthetase 
(ligase) results in accumulation of endogenous and exogenous saturated VLCFA 
(fatty acyl chain length of ≥22 carbons), particularly tetracosanoic (C24:0) and 
hexacosanoic acid (C26:0), mainly in the nervous system, the adrenal cortex, and 
the Leydig cells in the testes [4, 6].

a b

Fig. 27.1 Androgenic pattern of alopecia (a) and hyperpigmented skin and gums (b)
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There is no genotype-phenotype correlation, and there is often marked intrafa-
milial variability. Clinically, ALD can present with a wide spectrum of neurological 
and endocrine manifestations. Six main phenotypes among men hemizygotes have 
been reported. The more prevalent phenotypes are adrenomyeloneuropathy (AMN) 
and the cerebral form of ALD with a childhood, adolescent, and adult age of presen-
tation. Less frequent phenotypes include pure Addison’s disease, spinocerebellar 
ataxia, and asymptomatic subtypes [1]. Heterozygous women develop an AMN 
phenotype with a later onset and somewhat milder presentation.

X-linked adrenoleukodystrophy is the most common inherited per-
oxisomal disorder, caused by mutations in the ABCD1 gene, resulting in the accu-
mulation of VLCFA mainly in the nervous and endocrine systems. There is no 
genotype-phenotype correlation. It may present with adrenal insufficiency, progres-
sive brain demyelination, or myelopathy, in different combinations.

a

b c

Fig. 27.2 Brain MRI, axial FLAIR with symmetric bilateral posterior peri-atrial white matter and 
splenium hyperintensities (a, b). Cervical-thoracic spine atrophy (c)

27 X-Linked Adrenoleukodystrophy: Addisonian Crisis in a Patient with Spastic…



496

 Pathophysiology

ABCD1 is widely expressed in many different tissues, and VLCFA levels are highly 
elevated in almost all tissues. The exact mechanism by which VLCFA are toxic to 
cells and why cells of the adrenal cortex, testes, and the peripheral and central ner-
vous system are especially vulnerable remains to be resolved [7]. An explanation for 
the demyelination in the cerebral ALD subtype could be the myelin sheath instabil-
ity from VLCFA excess in the lipid membrane. High levels of VLCFA could also be 
cytotoxic to oligodendrocytes and microglia contributing to the demyelination pro-
cess [8]. Cerebral inflammation is mediated by oxidative stress, activation of mac-
rophages, microglial apoptosis, and endothelial dysfunction, which ultimately 
damages the blood–brain barrier [9].

Griffin et al. have typed the cells in the perivascular cuffs [10]. Fifty-nine percent 
were T cells, 24% B cells, and 11% monocytes/macrophages. Fifty-eight percent of 
the T cells were T4, and 27% T8, while 15% could not be classified. This pattern 
was similar to that found in the CNS during a cellular immune response, which sug-
gested that an aspect of injury in ALD is likely immunologically mediated [10, 11]. 
In AMN cases, the current pathogenic hypotheses suggest that impaired mitochon-
drial function, subsequent oxidative stress, and energy depletion contribute to a 
noninflammatory dying-back axonopathy of the spinal cord that involves the 
descending corticospinal tracts in the thoracic and lumbosacral regions and ascend-
ing posterior columns in the cervical region [4]. The mechanism of adrenal gland 
injury in ALD is not well understood. VLCFA are known to accumulate in the zona 
fasciculata and reticularis of the adrenal cortex, and the chronic accumulation of 
VLCFA is thought to lead to cytotoxic effects and ultimately apoptosis with atrophy 
of the adrenal cortex [12].

See Fig. 27.3 for the pathophysiological aspects of ALD.

LCFA
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Fig. 27.3 Pathophysiological aspects of ALD. LCFA long-chain fatty acids, VLCFA very long- 
chain fatty acids, ALD adrenoleukodystrophy, AMN adrenomyeloneuropathy. (Adapted from [4])
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 Clinical Presentations

 Neuropsychiatric Manifestations

ALD has been defined as a disorder with many different phenotypes (Table 27.1). In 
addition, presenting phenotypes may not be static, and their clinical state may 
change over time. Patients with ALD are classically asymptomatic at birth [7]. 
AMN, the combination of myelopathy and peripheral neuropathy, has a near 100% 
lifetime penetrance. Virtually all men and up to 80% of heterozygous women 
develop myelopathy [13]. Consequently, there is a high risk for children and adult 
asymptomatic patients to develop neurological deficits, and for AMN men to 
develop cerebral demyelination [14]. Although myelopathy may present during 
adolescence, it typically develops between 20 and 40 years of age. The earliest 

Table 27.1 Phenotypes associated with ABCD1 pathological variants

Phenotype
Relative 
frequency

AAO 
(yr)

Adrenal
insufficiency

Neuropsychiatric 
manifestations

RNM 
pattern Progression

Childhood 
cerebral ALD

31–35% 2–10 Usual
(79%)

Behavioral and 
cognitive changes, 
school difficulties, 
visual disturbances, 
hearing loss, spastic 
gait, and seizures

1 and 
5a

Rapid (total 
disability in 
2–4 years)

Adolescent 
cerebral ALD

4–7% 11–21 Usual
(62%)

Symptoms resemble 
those of the 
childhood cerebral 
form

2 and 
4a

Slower than 
childhood

Adult
cerebral ALD

2–5% >21 Usual 
(>50%)

Initial symptoms 
include dementia 
and psychiatric 
disturbances; 
sometimes focal 
deficits

3a Similar than 
adolescent

Pure AMN 20–30% 28 ± 9 Usual 
(>70%)

Mainly involves the 
spinal cord and 
presents with 
slowly progressive 
stiffness and 
weakness of legs, 
impaired vibration 
sense (neuropathy), 
sphincter 
disturbances, and 
impotence

Spine 
atrophy

Slowly 
progressive 
over 
decades

Cerebral 
ALD-AMN

20–23% – Usual Approximately 40% 
of AMN present 
with combined 
cerebral 
involvement

Mixed Variable

(continued)
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symptoms are usually urge incontinence, followed by a gradually progressive gait 
disorder due to spastic paraparesis and sensory ataxia. An axonal peripheral senso-
rimotor neuropathy is present on electrophysiological testing, but this is frequently 
overlooked because of the coexisting myelopathy. The age of onset and rate of pro-
gression of AMN symptoms are highly variable [7]. In a prospective cohort of men 
with AMN, Huffnagel et al. determined a median time from onset of myelopathy to 
the use of a walking aid of 13 years (95% CI 9.1–16.9 years) [15]. Patients with pure 
AMN, with normal brain MRI, have a better prognosis compared with other pheno-
types. Their neuropsychological profile is typically normal except for mild deficits 
in psychomotor speed and visual memory [16].

Table 27.1 (continued)

Phenotype
Relative 
frequency

AAO 
(yr)

Adrenal
insufficiency

Neuropsychiatric 
manifestations

RNM 
pattern Progression

Spinocerebellar 1–2% 20–71 Usual
(75%)

Cerebellar ataxia, 
gait and speech 
disturbance, 
pyramidal signs, 
and autonomic 
failure

MCP, 
C, and 
ICb

Slow

Pure Addison’s 
disease

10–20% >2 Rule
(100%)

Age dependent (up 
to 50% in 
childhood);
these patients are at 
high risk of 
eventually 
developing AMN

Normal Variable

Asymptomatic <4 
(rare 
>40)

Uninvolved Absence of 
symptoms despite 
high levels of 
VLCFA and/or 
ABCD1 variant 
demonstrated;
diminished with age 
(pre-symptomatic 
stage)

Normal –

Female carriers 50% 
>40 years

30–40 Rare
(<1%)

Milder clinical 
symptoms; mainly 
spastic paraparesis
(<1% develop 
cerebral ALD)

Spine 
atrophy

Slower than 
men AMN

AAO age at onset, ALD adrenoleukodystrophy, AMN adrenomyeloneuropathy, MCP middle cere-
bellar peduncle, C cerebellum, IC internal capsule
Table references: [1, 9, 33, 34, 35, 36]
aPattern 1, parieto-occipital white matter; pattern 2, frontal white matter; pattern 3, corticospinal 
tract; pattern 4, cerebellar white matter; pattern 5, concomitant parieto-occipital and frontal 
white matter
bHyperintensity over bilateral middle cerebellar peduncles, cerebellar white matter, and inter-
nal capsule
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According to van Geel et al. after a mean follow-up period of 10 ± 5 years, 19% 
of adult patients with AMN without symptoms of cerebral involvement developed 
cerebral ALD, with a mean survival of 2.3 ± 1.9 years after the first manifestation of 
cerebral disease [14]. Studies have shown that more than 80% of women heterozy-
gous carriers develop a milder AMN phenotype than men, usually after the age of 
40. According to some recent reports, AMN can occur in women in their 20s [17]. 
Signs of dementia, behavioral or visual disturbances, occur in 1–3% of heterozy-
gous women and adrenal insufficiency in only 1% [18]. A prospective cohort study 
in 42 men with ALD and 32 controls demonstrated that the spinal cord cross- 
sectional area of patients is smaller compared to healthy controls and correlates 
with severity of myelopathy as measured by the expanded disability status scale, 
severity scoring system for progressive myelopathy, and vibration sense scores [19].

There are several reports of ALD presenting as pure familial spastic paraparesis 
[20], in some cases presenting with an autosomal dominant pedigree [21], or reces-
sive pattern in others [22]. Urinary and bowel symptoms are common in men with 
AMN and in ABCD1 variant female carriers. According to Hofereiter et al., in a case 
series of 19 males with AMN and 29 female carriers, overactive bladder symptoms 
were reported in 100% of males and 86% of females. Moderate to severe bowel 
dysfunction was noted in 21% and 10% of males and females, respectively [23]. In 
a retrospective chart review based on 39 ALD adult patients (28 female carriers), 
Gomery et al. reported urinary symptoms in 64% of men and 68% of women and 
bowel symptoms in 44% of men and 64% of women. The most common symptoms 
included urinary urgency (28% of males, 50% of females), urinary incontinence 
(41% of males, 57% of females), and constipation (36% of males, 39% of females), 
as well as urinary frequency and urinary hesitancy in males (both 38%) [24]. 
Although the precise mechanism is still unclear, severe autonomic dysfunction has 
also been reported, characterized by orthostatic hypotension, sexual dysfunction 
[25], and autonomic neuropathy [26].

According to Chen et al., among unrelated Taiwanese patients with adult-onset 
cerebellar ataxia, ALD accounts for 0.85% (1/118) of the patients with molecularly 
unassigned hereditary ataxia and 0.34% (1/296) of the patients with sporadic ataxia 
with autonomic dysfunction. In this cohort, white matter hyperintensities in the cor-
ticospinal tracts and in the cerebellar hemispheres were strongly associated with 
ALD rather than other ataxias [27]. Cerebral demyelination is estimated to occur in 
about 40% of male ALD patients before the age of 18 years but is well documented 
to occur also in adulthood [14].

The symptoms associated with cerebral ALD depend on the site of the initial 
lesions. In children and adolescent boys, the first symptoms are usually cognitive 
deficits, hyperactive behavior, emotional lability, and decline in school performance 
[1]. These symptoms are frequently initially attributed to attention deficit hyperac-
tivity disorder, which can delay the diagnosis of ALD. When lesions progress, pyra-
midal tract signs, central visual impairment, apraxia, astereognosis, auditory 
impairment, and sometimes seizures occur [1, 28]. Demyelination involving the 
visual tracts occurs typically months to years after the diagnosis of childhood cere-
bral ALD, manifesting as progressive visual loss followed by optic atrophy. In a 
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report of 15 childhood cerebral ALD patients, there were strabismus in 10 cases, 
pale optic discs in 7 cases, macular pigmentary changes in 3, optic nerve hypoplasia 
in 1, and cataracts in 1 [29]. A pathological examination revealed accumulation of 
bi-leaflet inclusions in optic nerve macrophages, retinal neurons, and macro-
phages [30].

An atypical spontaneous “arrested” clinical course of cerebral ALD has been 
described, without evidence of imaging, neurological, or neuropsychological dete-
rioration for many years after the initial symptoms [5, 31]. All three patients reported 
by Korenke et al. showed typical first symptoms and neuroimaging alterations of 
cerebral ALD between 7 and 11 years, with a subsequent arrest of neurologic dete-
rioration for 5 to 12 years; none developed impaired visual or auditory function. 
This stable clinical course was supported by serial neuroimaging studies, with gado-
linium enhancement observed only in the first MRI examination of one of these 
patients [31]. Some authors warned that it may still reactivate many years later [7].

In adult cerebral ALD, initial symptoms are often psychiatric, especially if the 
lesions are located in the frontal lobes, and can resemble depression, mania, or psy-
chosis [13]. A review by Rosebush et  al. found that 19 of 34 cases (56%) were 
reported to have psychiatric symptomatology. However, a detailed psychiatric 
assessment was provided only in 13, and the earliest reported symptom was a 
change in behavior or personality. Twelve of those 13 patients had symptoms of 
mania, including disinhibition, emotional lability, increased spending, hypersexual-
ity, and perseveration. In addition, five of these patients were also psychotic. 
Unfortunately, many of the patients were treatment-resistant and appeared to have 
an aggressive course [32].

See Fig. 27.4 for the clinical spectrum and natural history of ALD.

Asymptomatic

Adrenocortical insufficiency

Cerebral Demyelination

Age (years)

0 0.5 3 11 14 21 40

Myelopathy (women)

Myelopathy (men)

Fig. 27.4 Clinical spectrum and natural history of ALD
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 Endocrine Dysfunction

X-linked ALD is the most frequent genetic cause of Addison’s disease [37]. 
However, in regions where neonatal screening has not been established, there is a 
high prevalence of unrecognized adrenocortical insufficiency in ABCD1 patho-
logical variant children carriers [38]. Primary adrenal insufficiency is character-
ized by high levels of adrenocorticotropic hormone (ACTH) and low cortisol 
level. The lifetime prevalence of adrenal insufficiency in ALD is about 80%. The 
cumulative probability of adrenal insufficiency is highest at the age of 10 years 
(46.8%) and remains prominent until 40  years of age (an additional 28.6%), 
decreasing substantially thereafter (an additional 5.6%) [39]. The incidence of 
adrenal insufficiency varies according to phenotype (see Table 27.1). According 
to van Geel et al. in a retrospective analysis in 35 of 70 patients with AMN, adre-
nocortical insufficiency was diagnosed before ALD, and in 33 patients dysfunc-
tion was diagnosed after ALD [14]. Sato et al. in a case report have shown that the 
demand for cortisol is extremely high in advanced adult-onset cerebral ALD. Even 
with mild infection, because cortisol secretion is limited in these patients, the risk 
of relative adrenal insufficiency despite normal serum cortisol levels warrants 
proactive administration of steroids when hyponatremia or hypoglycemia devel-
ops [40].

Patients with chronic adrenal insufficiency often have fatigue, anorexia, nausea, 
vomiting, loss of appetite, poor weight gain or weight loss, and abdominal symp-
toms. In an acute adrenal crisis, patients may present with hypotension, hypoglyce-
mia, altered mental status, vomiting, and syncope, in addition to chronic symptoms. 
Salt wasting (hyponatremia and hyperkalemia) is less common with ALD, but 
patients are described to have impaired aldosterone response to ACTH stimulation 
and require mineralocorticoid replacement. Hyponatremia may also be present with 
severe cortisol deficiency, as there may be water retention due to a lack of cortisol 
inhibition of vasopressin secretion [36]. Corresponding with the relative sparing of 
the zona glomerulosa from VLCFA accumulation, mineralocorticoid function typi-
cally is less affected than glucocorticoid function [12].

Hypogonadism is noticed most frequently after neurologic or adrenal symptoms, 
but testicular dysfunction has been reported before the appearance of neurologic or 
adrenal symptoms. In a retrospective report of 26 men with ALD, 46% reported 
decreased libido and 58% had erectile dysfunction [41]. A prospective controlled 
study of 49 men with AMN revealed an 82% incidence of testicular dysfunction 
(elevated gonadotropins or low testosterone/luteinizing hormone ratio), and 54% 
with erectile dysfunction [42].

Adrenal insufficiency may be absent at the time of ALD diagnosis. In 
suspected cases, monitoring adrenal function is extremely important in order to 
secure the diagnosis and prevent Addisonian crisis.
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 Dermatologic Signs

Early-onset androgenetic alopecia despite hypogonadism and a diffuse reduction in 
scalp hair and the eyelashes are the main patterns of alopecia described in these 
patients [43]. Increased skin pigmentation may also be observed as a result of eleva-
tions of melanocyte-stimulating hormone, a byproduct of ACTH production. 
Common areas to note hyperpigmentation include palmar creases, axillae, genitalia, 
areolae, scars, gums, and the posterior helix of the ear [36]. After adrenarche, loss 
of pubic and axillary hair due to accumulation of VLCFA in the zona reticularis of 
the adrenal cortex and consequent poor androgen production may also be noted [36].

 Radiologic Findings

Frequently, CT scan shows a symmetric hypodensity bilateral in parieto-occipital 
white matter with involvement of the splenium of the corpus callosum and enhance-
ment seen along the anterior edge of hypodensity. MRI demonstrates T2/FLAIR 
hyperintense signal in the same areas as that on CT scan with hypo-intense signal 
on T1. There is no evidence of restricted diffusion or blooming on susceptibility- 
weighted images. Histopathologically, in brain lesions of cerebral ALD cases, three 
distinct zones of white matter involvement are seen. The inner zone is represented 
by scarring, while the intermediate inflammatory zone is represented by perivascu-
lar inflammatory cells and demyelination. Finally, a zone of ongoing demyelination 
is situated at the periphery, where myelin is breaking down in the absence of inflam-
mation [44]. These areas are also observed in contrast MRI images, where the inter-
mediate zone shows contrast enhancement in the “leading edge” due to ongoing 
inflammation [45].

Different radiological patterns have been recognized among patients with cere-
bral ALD: pattern 1, white matter in the parieto-occipital lobe or splenium of corpus 
callosum; pattern 2, white matter in the frontal lobe or genu of corpus callosum; 
pattern 3, primary involvement of frontopontine or corticospinal projection fibers 
without affecting the periventricular white matter; pattern 4, primary involvement of 
cerebellar white matter; and pattern 5, combined but separate initial involvement of 
frontal and parieto-occipital white matter. Whereas 80% of patients under 10 years 
of age presented with pattern 1, the overall frequency of this pattern was somewhat 
less common in older patients. For the group as whole, 137 (66%) patients pre-
sented with pattern 1, 32 (15.5%) with pattern 2, 24 (12%) with pattern 3, 2 (1%) 
with pattern 4, and 5 (2.5%) with pattern 5. The pattern 1 and 5 groups were on 
average the youngest, whereas patterns 2 and 4 presented mostly during adoles-
cence, and pattern 3 during adulthood. Progression rates for patterns 1 and 2 were 
relatively rapid and similar, whereas progression in pattern 3 patients was slow. The 
progression in pattern 5 patients was extremely rapid [33].

Loes et  al. proposed a 34-point brain MRI severity score for cerebral ALD, 
derived from location and extent of involvement, and the presence of focal and/or 
global atrophy [46]. This scale is used as a disease progression monitoring tool, 
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with a score <4 considered very early stage, a score 4–8 representing early stage, a 
score 9–13 representing late stage, and a score of >13 representing advanced dis-
ease [47]. Its combination with the radiological pattern, presence of contrast 
enhancement, and age helped predict progression of lesions [47, 48]. Currently the 
“Loes scale” is the main radiological criteria used to determine viability for hema-
topoietic stem cell transplantation in cerebral ALD, with a score ≤ 8 points showing 
a higher likelihood of benefiting from this treatment [48].

In the pure form of AMN, imaging is dominated by spinal cord atrophy primarily 
affecting the thoracic cord [28, 49]. Imaging of the brain is either normal or demon-
strates only minor abnormalities in the pyramidal tracts traversing the brainstem and 
internal capsules [28]. On the other hand, patients with AMN may have signs of 
concealed “arrested” cerebral ALD on MRI, which can help point to a diagnosis of 
AMN [5]. Liberato et al. described the brain MRI findings in 47 boys with asymp-
tomatic ALD. They reported that 28/47 cases showed brain lesions. Among these 
cases, 22 had contrast enhancement [50].

 Diagnosis

According to a case series reported by van Geel et al., the mean delay in diagnosis 
of all cases, from the time of onset of symptoms, was almost 10 years; delay was 
17  years in adults with initial symptoms of adrenocortical insufficiency [51]. 
However, this reality is expected to change, because since 2006 a newborn screen-
ing test for ALD, using liquid chromatography-tandem mass spectroscopy (LC-MS/
MS) measurement of C26:0-lysophosphatidylcholine (C26:0-LPC) in dried blood 
spot, has been available and already implemented in some regions [3]. This strategy 
allows pre-symptomatic identification of patients with ALD, close monitoring, and 
early intervention with hematopoietic stem cell transplantation and adrenal hor-
mone therapy, thereby avoiding the devastating consequences of cerebral ALD and 
Addisonian crisis, respectively [52].

Usually, when the diagnosis of ALD is suspected based on clinical characteris-
tics and/or brain imaging, plasma VLCFA levels are determined. VLCFA are ele-
vated in almost all male ALD cases irrespective of age, disease duration, metabolic 
status, or clinical symptoms [53]. Most laboratories measure the concentration of 
total hexacosanoic acid (C26:0) in dried blood spots, the most frequently used 
parameter, and its ratio to tetracosanoic (C24:0) and docosanoic (C22:0) acids [11, 
54]. The latter remains basically unchanged in plasma samples of ALD [53] 
(Table 27.2).

Table 27.2 Normal and abnormal plasma levels of VLCFA

VLCFA C26:0 C24:0/C22:0 C26:0/C22:0
ALD (males) 1.3 ± 0.45 μg/mL 1.71 ± 0.23 μg/mL 0.07 ± 0.03 μg/mL
Female carriersa 0.68 ± 0.29 μg/mL 1.3 ± 0.19 μg/mL 0.04 ± 0.02 μg/mL
Normal controls 0.23 ± 0.09 μg/mL 0.84 ± 0.10 μg/mL 0.01 ± 0.004 μg/mL

aElevated in ~80%. Modified from [55]
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If ALD is suspected in a woman, the testing strategy should additionally 
include mutation analysis of the ABCD1 gene for the correct identification of 
heterozygous ALD females, because 15% of women with ALD have normal 
plasma VLCFA levels [9]. Family screening follows the same recommendations 
[28]. Plasma VLCFA levels strongly depend on dietary intake of VLCFA, for 
example, by the consumption of peanuts. Thus, blood leucocytes provide an 
alternative for confirmation of the diagnosis. Following the development of the 
whole blood spot LC-MS/MS, it has been shown that the C26:0-LPC assay accu-
rately diagnoses males with ALD, and notably offers an accurate diagnostic test 
for women with ALD, with a reported sensitivity of 100% in 49 females and 126 
controls [56].

VLCFA are similarly increased in other peroxisomal disorders such as the 
Zellweger syndrome spectrum or single enzyme defects of peroxisomal beta- 
oxidation (acyl-CoA oxidase deficiency and D-bifunctional protein deficiency). 
Hence mild atypical or late-onset variants of these diseases must be considered in 
the differential diagnosis, although other peroxisomal disorders can usually be 
excluded by measuring phytanic acid and plasmalogen levels [53].

In addition to the identification of female carriers and confirmation of the diag-
nosis in male patients, analysis of ABCD1 gene variants is also valuable to char-
acterize ALD kindreds and for prenatal diagnosis [53]. To date, more than 849 
non-recurrent ABCD1 mutations have been described, of which 46% are missense 
mutations [57]. The reported de novo mutation rate ranges from 5% to as high as 
19% [58]. As an X-linked inherited disorder, all daughters of an affected male are 
obligate carriers, whereas his sons can never be affected. When a woman carries 
the gene for ALD, there is a 50% probability for each pregnancy that the gene is 
transmitted to a son or daughter. The frequency of de novo mutations in the index 
case is estimated to be around 4%, which indicates that the ABCD1 mutation 
occurred in the germ line. There is evidence of gonadal or gonosomal mosaicism 
in less than 1% of patients, which means an increased risk of an additional affected 
offspring. On occasions when no mutations can be detected by DNA sequence 
analysis, methods such as quantitative polymerase chain reaction, multiple liga-
tion-dependent probe amplification, or Southern blot analysis have been used for 
recognition of large deletions, duplications, or chromosomal rearrangements [53]. 
Other tests should include serum ACTH and baseline cortisol levels (24-hour 
urine cortisol and A.M. and P.M. serum levels). If either is abnormal, an ACTH 
stimulation test should be performed to evaluate adrenal reserve. The adrenocorti-
cal insufficiency in ALD can be life-threatening if not treated, and all patients 
with ALD should have a regular reassessment of adrenocortical function if the 
initial results are normal. Routine adrenal testing every 4 to 6  months until 
10 years of age, annual testing thereafter until 40 years of age, and solely on-
demand testing in case endocrine symptoms manifest from age 41 years onward 
are recommended [39]. See Fig.  27.5 for a general guide to the diagnosis of 
X-ALD patients and their management.
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 Differential Diagnosis

In children with cerebral ALD, the main differential diagnoses are other childhood- 
onset leukodystrophies. The mnemonic “LACK Proper Myelin” may help clini-
cians to remember the main differential diagnoses among demyelinating 
leukodystrophies in the childhood (L, Leigh’s disease; A, Alexander’s disease and 
adrenoleukodystrophy; C, Canavan’s disease; K, Krabbe’s disease; P, Pelizaeus- 
Merzbacher disease; M, metachromatic leukodystrophy) [59]. Remarkably, as men-
tioned, VLCFA are also increased in other peroxisomal disorders, such as Zellweger 
syndrome, neonatal adrenoleukodystrophy, and infantile Refsum disease, but these 
disorders have a different clinical presentation and are rarely confused with 
ALD [11].

Adults with cerebral ALD should be differentiated from other demyelinating dis-
eases, such as multiple sclerosis, but other adult-onset leukoencephalopathies 
should also be considered. The spinocerebellar form of ALD could mimic sporadic 
ataxias such as multiple system atrophy or adult-onset hereditary ataxias. Moreover, 
AMN could also present with ataxic features. Therefore, ALD should also be con-
sidered in the differential of ataxias. However, the most important differential 
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- Spastic Paraparesis
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Fig. 27.5 General guide to the diagnosis of symptomatic X-ALD patients and their management
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diagnoses in patients with AMN are probably the many causes of spastic parapare-
sis. As mentioned, the presence of brain MRI abnormalities, family history, and the 
evidence of adrenal insufficiency could help in suspecting the diagnosis, although 
the diagnosis must still be considered even in the absence of these elements.

Adult ALD patients may present with atypical phenotypes, such as pure 
spastic paraparesis mimicking familial spastic paraparesis, or ataxia-dysautonomia 
syndrome mimicking other neurodegenerative diseases.

 Treatment

Currently used therapies for ALD include hormone replacement therapy, dietary 
therapy with Lorenzo’s oil, and hematopoietic cell transplantation.

Patients with adrenal abnormalities should be referred to an endocrinologist, as 
glucocorticoid and mineralocorticoid treatment should be monitored. Glucocorticoid 
therapy must be initiated in all patients with confirmed adrenal insufficiency. A 
recent clinical practice guideline on the treatment of primary adrenal insufficiency 
suggests the use of hydrocortisone (15–25 mg) or cortisone acetate (20–35 mg) in 
two or three divided oral doses per day. The highest dose should be given in the 
morning at awakening, the next either in the early afternoon (2 hours after lunch; 
two-dose regimen) or at lunch, and in the afternoon (three-dose regimen). As an 
alternative, prednisolone (3–5  mg/d), administered orally once or twice daily, is 
suggested. In patients with severe adrenal insufficiency symptoms or adrenal crisis, 
immediate therapy with intravenous hydrocortisone at an appropriate stress dose 
prior to the availability of the results of diagnostic tests is recommended [60]. 
Initiation of mineralocorticoid replacement therapy has been suggested only after 
clinical and/or biochemical evidence of mineralocorticoid deficiency [12].

Lorenzo’s oil is a formula of unsaturated fatty acids (glycerol trioleate C18:1 and 
glyceryl trierucate C22:1 in a 4:1 ratio); this formula may inhibit elongation of satu-
rated fatty acids [1, 61]. Lorenzo’s oil combined with a VLCFA-poor diet has been 
shown to be helpful in normalizing plasma levels of VLCFA [61]. This combined 
therapy failed to arrest disease progression of AMN and pre-symptomatic patients 
in an open trial [62]. In an open single-arm trial of asymptomatic ALD patients with 
normal brain MRI, Moser et al., using Lorenzo’s oil combined with a moderate fat 
restriction diet, showed a reduced risk of developing MRI abnormalities and an 
association between the development of MRI abnormalities and a plasma C26:0 
levels [63]. Other studies of untreated boys reported similar conversion rates as 
those reported on Lorenzo’s oil. There is no consistent evidence of disease- 
modifying effects of Lorenzo’s oil in AMN, nor a role in reducing the risk of brain 
lesions in cerebral ALD. A group of experts recommend that “the use of Lorenzo’s 
oil should only be undertaken by centers that have the ability to provide monitoring 
with MRI, nutritional guidance, and the ability to measure VLCFA and other essen-
tial fatty acids. Other centers consider the efficacy of Lorenzo’s oil unproven and do 
not recommend its use” [57].
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Allogeneic hematopoietic stem cell transplantation (HSCT) is the only therapeu-
tic approach that can potentially arrest the neuroinflammatory demyelinating cere-
bral process of X-ALD in boys, particularly if the procedure is performed when 
patients have no neuropsychiatric compromise and limited extension of demyelinat-
ing lesions on brain MRI. After the transplantation procedure, demyelinating lesions 
may extend for 12 months to 18 months, and then their progression arrests. This 
interval is likely caused by the slow substitution of brain microglia with bone 
marrow- derived cells. Similar benefits of allogeneic HSCT have been demonstrated 
in adults with cerebral ALD. In already symptomatic patients, unfortunately, this 
procedure has not been shown to be effective in stopping the demyelinating process. 
More importantly, it can accelerate neurologic deterioration. Furthermore, alloge-
neic HSCT is associated with risks of graft-versus-host disease and prolonged 
immune deficiency, particularly in adults, and not all ALD patients have donors 
despite the availability of cord blood [64].

In practice, for the children up to 12 years of age, HSCT is mainly reserved for 
patients who present first with Addison’s disease or who are identified during 
genetic counseling, and in whom repeated brain MRI can detect the appearance of 
the beginning signs of cerebral demyelination. For adults, most transplanted patients 
were patients who initially had AMN and in whom repeated brain MRI detected 
early signs of cerebral demyelination.

Increased muscle tone is often severe and difficult to treat. Aggressive treatment 
is essential, since it causes pain, which in turn aggravates spasticity as well as dys-
tonia in a vicious feedback circle that not only causes suffering but seriously lowers 
the quality of life of both the patient and his family. Symptomatic treatment is pri-
marily the approach to spasticity, dystonia, and other complications in patients with 
ALD. Intrathecal baclofen seems to be effective for boys with the cerebral form of 
ALD with spasticity-dystonia who have not responded adequately to oral medica-
tion. It also can be considered as an early option in such cases in the hopes of pre-
venting further complications [65]. Other therapeutic approaches remain under 
investigation.

High VLCFA level is the standard biomarker for diagnosis in males, 
although less reliable in females. Genetic testing is available. Early hematopoietic 
stem cell transplantation can arrest brain demyelination/inflammation. However, 
there is no known cure for adrenomyeloneuropathy. Treatment is focused on hor-
mone replacement and symptomatic treatment of spasticity.
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 Patient Vignettes

 Patient 1

A 55-year-old man developed right facial twitching without other neurological 
signs. Hemifacial spasm was diagnosed. Carbamazepine (600  mg daily) and 
baclofen (60 mg daily) produced no benefit. Five months later, he complained of 
somnolence, blurred vision, and poor balance. One month later, the facial twitching 
spread to his neck and tongue, persisting with sleep. He developed dysarthria and 
complained of poor memory, change in personality, malaise, intermittent fevers, 
increased sweating, impotence, and inability to ejaculate. One year after the onset 
of facial twitching, orientation, memory, and language were normal. He was inter-
mittently inattentive and had marked dysarthria due to rhythmic lingual retraction 
and masticatory myorhythmia coinciding with rhythmic contraction of the right side 
of the face, neck, and chest and right arm. The contractions spread irregularly to the 
left side of the face, chest, and left arm and leg. Vertical gaze was limited but 
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improved with the oculocephalic maneuver. Saccades were slow in all directions. 
Pendular vergence oscillations of the right more than of the left eye (fre-
quency = 1 Hz) were synchronous with the masticatory and skeletal myorhythmia 
(i.e., oculofacial-skeletal myorhythmia [OFSM]). Electromyographic analysis 
revealed 400-msec bursts of bilateral rhythmic activity. This activity originated 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. Muscle 
tone, strength, sensation, deep tendon reflexes, plantar responses, and postural sta-
bility were normal. Gait was mildly ataxic.

Serum chemistries; complete blood count (CBC); serum venereal disease 
research laboratory (VDRL) test result; serum Lyme titer; thyroid function test 
(TFT) results; antinuclear antibody (ANA) titer; human immunodeficiency virus 
(HIV) test result; vitamin B12 (B12); folate; CSF cell count, protein, and glucose 
levels; and electroencephalogram (EEG) were normal. Brain magnetic resonance 
imaging (MRI) with gadolinium revealed a left frontal periventricular punctate 
hyperintensity. Technetium-99m hexamethylpropyleneamine oxime (99m 
Tc = HMPAO) single-photon emission computed tomography (SPECT) revealed 
decreased activity in the right cerebellar hemisphere. A duodenal biopsy specimen 
obtained 12 months after the onset of facial twitching was initially normal (periodic 
acid Schiff [PAS] stain negative, electron microscopy [EM] not performed). After 
1 month, a repeat biopsy with Crosby capsule revealed foamy macrophages stained 
positive with PAS and silver stains and negatively with acid-fast stain. PAS and 
Grocott methenamine silver stains demonstrated intracytoplasmic granular rod- 
shaped structures consistent with Whipple’s bacillus. Probable CNS WD was 
diagnosed.

Trimethoprim-sulfamethoxazole (TPM-SMX) (1 double-strength [DS] tablet 
twice a day) resulted in improvement in malaise and the ocular component of the 
myorhythmia. When diarrhea developed, TPM-SMX was discontinued, and intrave-
nous ceftriaxone (2 gm daily) resulted in resolution of the diarrhea and sweating, 
decrement in the myorhythmia, and increase in alertness. After 1 month, he was 
switched to receive doxycycline monohydrate (200 mg twice a day), with worsen-
ing of hemifacial spasms, malaise, and lethargy over the ensuing 9  months. 
Ceftriaxone (2 gm/day) was resumed, with improvement in hemifacial spasms, mal-
aise, and lethargy over the ensuing 3 months. After 2 years of follow-up, he was 
taking TPM-SMX (1 DS tablet twice a day). He still had right facial twitching, 
complaints of poor memory, increased sweating, impotence, and inability to ejacu-
late. There was moderate improvement in limb myorhythmia, malaise, and verti-
cal gaze.

 Patient 2

A 47-year-old woman developed severe progressive insomnia unresponsive to med-
ication, a 10-lb weight loss, double vision, fever, and submandibular lymph node 
enlargement. Past history was notable for arthritis. No diarrhea, steatorrhea, or other 
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gastrointestinal symptoms were reported. She noted spontaneous rhythmic right eye 
movement while looking in the mirror. On examination, vertical and horizontal sac-
cades were slow, with diminished abduction of the left eye. Downgaze was full; 
upgaze was mildly limited. There were spontaneous convergent nystagmoid move-
ments in the right eye unaccompanied by miosis. These movements increased with 
downward moving optokinetic stimuli.

Over the ensuing 8 months, a progressive ophthalmoparesis resulted in complete 
loss of voluntary eye movements except for adduction of the right eye. She devel-
oped short-term memory loss, depressive symptoms, difficulty swallowing, blurred 
vision, intermittent hypersomnolence, and increased postural instability. On reex-
amination, she was intermittently unrousable, with hypomimia and severe dysar-
thria. 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. 
Levodopa-carbidopa and prednisolone (20 mg daily) were trialled without benefit.

Serum chemistries, CBC, serum Lyme titers, coagulation screen results, ANA 
titer, B12 and folate levels, TFT results, serum protein electrophoresis, and VDRL 
and HIV test results were normal. EEG revealed a generalized mildly slow back-
ground. CSF analyses revealed protein levels of 50 to 55 mg/dl with a normal glu-
cose concentration, and 0 to 70 PAS-negative mononuclear cells. Brain computed 
tomography (CT) scans appeared normal, and MRI revealed an Arnold-Chiari type 
1 malformation with no brainstem compression. Specimens obtained at two duode-
nal biopsies indicated mild chronic nonspecific duodenitis. No PAS staining or 
other changes consistent with WD were detected. EM was not performed, but poly-
merase chain reaction (PCR) on gut biopsy samples was positive, even though PAS 
staining was negative. CNS WD was diagnosed based on clinical findings (i.e., 
OMM). Intravenous ceftriaxone (2 gm 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 tube.

 Introduction

First described by George Hoyt Whipple in 1907 [1], Whipple’s disease is a chronic, 
treatable multisystemic infectious disease caused by the gram-positive actinomy-
cete, Tropheryma whipplei. Over a century has elapsed since its first recognition, yet 
Whipple’s disease remains a somewhat enigmatic diagnostic challenge. In the cen-
tral nervous system in particular, Whipple’s disease (WD) can mimic almost any 
other neurologic condition. Diagnosis of WD remains complicated and laborious. 
Equally, because of a variety of factors, most notably its penchant for the intracel-
lular milieu and slow replication rate, treatment is far from straightforward, requir-
ing prolonged courses of antibiotics, the choice of which is generally informed by 
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limited clinical experience rather than controlled trial evidence. In this chapter, we 
review the diagnostic conundrum that is Whipple’s disease of the central nervous 
system, touch on the immunopathologic defects which promote transition from 
asymptomatic carriage to a disease state, highlight red flags which should make 
clinicians suspect the diagnosis, and conclude with insights from previous treat-
ment trials.

 Whipple’s is a particular challenge: difficult to diagnose, pleo-
morphic in its presentations, and requiring prolonged treatment.

 Tropheryma whipplei

Previously considered a rare organism, more recent studies have shown that T. whip-
plei is in fact a common commensal bacterium. This bacilliform bacterium is found 
ubiquitously in the environment, with highest prevalence in sewage and wastewa-
ters [2]. Transmission likely occurs through the fecal-oral route, and it is likely that 
most individuals are exposed to the bacterium at some point in their lifetime. Nearly 
a century would elapse between the original description by Whipple and the even-
tual identification of the causative bacillus. Sequencing of PCR-amplified bacterial 
16s ribosomal RNA from infected tissue, followed by sequencing of other parts of 
its genome, confirmed the bacillus as a GC-rich gram-positive actinomycete [3–6]. 
The determination of specific nucleotide sequences within the T. whipplei genome 
also allowed the development of sensitive and specific PCR tools which are now 
critical in diagnosing both systemic and CNS forms of the disorder [7–9]. The bac-
terium is predominantly found intracellularly in macrophages and monocytes of 
affected tissues, though it can also persist extracellularly [10]. Histologically, it gen-
erally appears as multiple periodic acid-Schiff (PAS) positive, diastase-resistant 
inclusions in macrophage cytoplasm [11]. Examination by electron microscopy 
demonstrates that the areas of intense PAS staining are packed with bacilli, some 
degenerated.

 Epidemiology

Classic Whipple’s disease is predominantly a disorder of middle-aged Caucasian 
men (outnumbering women 8:1), though this is less obvious in the cases reported 
with predominant CNS manifestations [12]. Farmers and those in regular contact 
with soil or animals also have a much higher incidence of Whipple’s disease [11]; 
close contact with affected individuals and squalid sanitary conditions also increase 
the risk [12–14]. Seroprevalence for T. whipplei is over 70% in the general popula-
tion, though most individuals clear the infection. Asymptomatic gastrointestinal 
carriage is also not uncommon, ranging from 1.5% to 7% in the general population 
to 12% to 25% in sewage treatment workers [2, 13, 15, 16]. Despite high 
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seroprevalence and asymptomatic carriage rates, Whipple’s disease itself remains 
exceedingly rare, with estimated incidence of less than 1 per 1,000,000 population 
per year [11]. Such great discrepancy between high levels of exposure/asymptom-
atic carriage and the tiny number of people that develop disease suggests a strong 
role for host factors in pathogenesis of disease. In this regard, genetic factors, par-
ticularly relating to host cell-mediated immune responses, appear to play a critical 
role in conferring a lifetime susceptibility to Whipple’s disease [17].

 Pathophysiology and Immunopathology

The immunopathogenesis of Whipple’s disease remains incompletely understood. 
At its core, it is accepted that dysfunctional macrophage and monocyte function 
resulting in impaired clearance of the bacterium are at play [18–20]. Such impair-
ments are probably majorly genetically determined, with rare familial cases, disease 
predominance in Caucasians, specific HLA associations (HLA DRB1*13 and 
DQB1*06) known to impair antigen presentation, and polymorphisms in certain 
cytokine genes polarizing immune responses toward T-helper 2 (TH2) activity being 
associated with the disease [21, 22]. Furthermore, some patients are prone to recur-
rent relapses with different strains of T. whipplei [23]. Moreover, acquired immune 
deficits have also been recognized as a risk factor for WD. Patients with HIV may 
be at increased risk [24, 25], as may those receiving the increasingly common bio-
logic therapies for systemic inflammatory disorders [26, 27].

Under normal circumstances, exposure to T. whipplei results in a swift and robust 
immune response resulting in clearance of the organism, or at the very least, asymp-
tomatic carriage. In patients developing WD, however, this response is muted, either 
due to inherently defective monocyte function or through dysfunctional priming of 
T. whipplei-specific T cells by dendritic cells in the gut, perhaps from inadequate 
IL-12 production [20, 28]. This failure to clear the organism sets the scene for per-
sistent bacterial replication within gut monocytes and spread to cause systemic dis-
ease. In the case of central nervous system disease, entry might be achieved through 
passage of infected monocytes across the blood-brain barrier [29].

Numerous defective immune responses have been noted in patients with 
WD. These include impairments of fusion of T. whipplei containing phagosomes 
with lysosomes [30], low serum concentrations of interleukin-12 (which likely 
inhibits the generation of TH1-helper cells), and overexpression of IL-10 [31–33]. 
Additionally, there appears to be a significant role for IL-16 in the immunopatho-
genesis of WD. T. whipplei itself stimulates the release of IL-16 from macrophages, 
which induces macrophage apoptosis and impairs phagosome-lysosome fusion [34, 
35]; interestingly, IL-16 levels and apoptotic markers correlate with disease severity 
and decrease to normal upon successful treatment [30, 36]. T. whipplei has been 
shown to replicate in macrophages and monocytes deactivated with IL-16, while 
anti-IL-16 antibodies inhibit T. whipplei replication [34].
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 Clinical Presentations of Whipple’s Disease

The clinical manifestations of Whipple’s disease are insidious in onset, slowly pro-
gressive, and, for the most part, highly nonspecific. This often leads to significant 
delays in diagnosis. Classic Whipple’s disease generally begins with a period of 
intermittent, migratory large joint seronegative arthralgia or arthritis, which gener-
ally spans a number of years prior to the development of other symptoms [27]. 
Predilection for large joints is often seen, with knees, wrists, and ankles affected 
more often than shoulders or hips [37]. Generally, the ensuing symptoms are gastro-
intestinal in nature, consisting of weight loss, diarrhea, and steatorrhea. This may be 
accompanied by intermittent fever and lymphadenopathy. Cardiac involvement is 
common and may comprise valvular dysfunction, coronary arterial damage, culture- 
negative endocarditis as well as myocarditis and pericarditis [38–40]. Rarer disease 
manifestations include increased skin pigmentation, subcutaneous nodules, and 
bone marrow involvement [41, 42]. Various ocular manifestations of Whipple’s dis-
ease have been described including uveitis, vitritis, retinitis, keratitis, and optic neu-
ritis [11, 43], which may cause diagnostic confusion with other eye-involving 
multisystem masqueraders including syphilis and vasculitides.

 Neurological Manifestations of Whipple’s Disease

Neurological involvement occurs in 10% to 40% of patients with Whipple’s disease 
[44]. In the vast majority of cases, this occurs as a late feature of systemic Whipple’s 
disease, less commonly as a CNS relapse in patients with previously treated sys-
temic Whipple’s disease treated, and in exceptional cases as isolated CNS Whipple’s 
disease [44]. Spinal cord and peripheral nerve involvement are also reported [45, 
46]. Asymptomatic CNS infection may occur, and even in the absence of neurologi-
cal symptoms, up to 50% of patients with Whipple’s disease are found to have CNS 
infection by PCR analysis of the CSF [47]. Presenting clinical symptoms are pro-
tean. A progressive encephalopathy manifesting as dementia, confusion, apathy, 
and somnolence is probably the most common neurological sign [44]. Supranuclear 
ophthalmoplegia, psychiatric symptoms, myoclonus, and gait ataxia are also sug-
gestive [43, 48]. Seizures can occur, as can focal neurological signs resulting from 
focal mass lesions or strokes secondary to Whipple endocarditis. Hypothalamic 
dysfunction with secondary hormonal imbalance is common.

Two clinical signs, namely, oculomasticatory myorhythmia (OMM) and 
oculofacial- skeletal myorhythmia (OFSM), are highly specific for Whipple’s dis-
ease, especially in the presence of supranuclear gaze palsy [49–51]. Present in about 
20% of patients with CNS WD, OMM involves pendular vergence oscillations of 
the eyes synchronous with rhythmic myoclonic contractions of the masticatory 
muscles, while OFSM additionally involves contraction of the skeletal musculature; 
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both are classically thought of as pathognomonic of CNS Whipple’s disease [43, 50, 
52]. Pendular vergence oscillations are characterized by continuous smooth, rhyth-
mic convergent eye movements with a frequency of 1 Hz varying from 10 to 25 
degrees of amplitude per eye, but never diverging beyond the primary position. The 
oscillations continue throughout sleep and may be subtle and asymmetric. 
Convergence and divergence are at the same speed and are not accompanied by 
miosis or accommodation. The anatomical basis for this apparently unique move-
ment disorder is not known but may originate from the upper brainstem. Though 
myorhythmia as an entity can occur in a number of other conditions, including 
brainstem and thalamic strokes or structural lesions, its oculomasticatory and 
oculofacial- skeletal variants do appear to be pathognomonic for WD [53].

 Pendular vergence nystagmus, oculomasticatory myorhythmia, 
and oculofacial-skeletal myorhythmia are unusual but pathognomonic findings in 
Whipple’s disease.

 Radiologic Findings

Neuroimaging findings in CNS Whipple’s disease are equally as diverse as the clini-
cal manifestations. Importantly, even in the presence of florid clinical signs, brain 
imaging can be normal [54, 55]. For unknown reasons, there is a predilection for 
involvement of the diencephalon, and CNS Whipple’s is an important differential 
diagnosis of abnormalities in the brainstem, hypothalamus, and thalamus [54]. 
Indeed, T2-signal hyperintensity involving these regions either symmetrically or 
asymmetrically, occasionally extending into the adjacent medial temporal lobes, is 
the most commonly observed abnormality [54]. Mild-to-moderate cerebral atrophy 
is thought to be present in about half of cases [54]. Focal or multifocal mass lesions, 
which tend to show little if any enhancement, may also be seen and may mimic CNS 
neoplasms [56–58]. Less frequently, leptomeningeal enhancement, stroke-like 
lesions, or spinal cord involvement may be observed [45, 59]. Signal hyperintensity 
in the corticospinal tracts on T2-weighted imaging is not uncommon.

 Investigations and Diagnosis

Most cases of Whipple’s disease are diagnosed based on gut biopsy findings. As 
most patients with suspected CNS Whipple’s disease will have concurrent systemic 
involvement, this approach to diagnosis generally proceeds in parallel with confir-
mation of CNS involvement and sampling other clinically involved sites. The cere-
brospinal fluid is the medium of choice on which to confirm CNS Whipple’s disease, 
though brain biopsy is occasionally required if systemic involvement is absent, 
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clinical suspicion is high, and CSF studies are unrevealing. Given that CNS involve-
ment is described in around 50% of cases, sometimes without clinical correlate, 
CSF sampling is recommended in all cases as this will influence treatment decisions 
[39, 40]. The general laboratory workup of patients with CNS Whipple’s disease 
frequently reveals steatorrhea, impaired xylose absorption, anemia, and hypoalbu-
minemia, reflecting gut dysfunction (though this will be absent in isolated CNS 
disease). The hallmark of disease is the finding of T. whipplei-infected macrophages 
which stain positive with PAS and are diastase resistant. Immunohistochemical 
stains using specific antibodies against T. whipplei increase diagnostic sensitivity 
and may be positive in the absence of PAS-positive staining [60]. Though PCR 
amplification of T. whipplei DNA from stool and saliva is often positive in cases of 
Whipple’s disease, given that asymptomatic gut carriage of T. whipplei can occur, a 
positive gut PCR alone is not diagnostic, and diagnosis always requires a second 
method of confirmation. The same is not true for sterile sites such as the CSF. Serum 
T. whipplei antibody titers are paradoxically low in patients with WD, rendering this 
a useless test in this setting.

Cerebrospinal fluid cell count and protein are, more often than not, normal. A 
moderate pleocytosis and CSF protein elevation may however be observed [43, 55]. 
PAS staining of the CSF has an equally low yield (positive in about a third of cases). 
T. whipplei PCR on the other hand is highly sensitive (>90%) [55]. Electron micros-
copy can be used to visualize T. whipplei in infected tissues, though it is only avail-
able in specialist laboratories and does not form part of routine clinical workup in 
this condition [39].

 Treatment

Prior to its first successful treatment with antibiotics in 1952 [61], Whipple’s dis-
ease was a universally fatal affliction. For decades thereafter, choices of antibiotic 
regimes remained poorly informed, and indeed it was only after sequencing of the 
organism’s genome and successful culture of T. whipplei in the early 2000s (allow-
ing in  vitro testing of antibiotic sensitivity) that its antibiotic susceptibility was 
defined. Tetracycline was the treatment of choice for many years, until the recogni-
tion of alarmingly high relapse rates (especially CNS relapses) with this therapy 
alone [62]. For this reason, induction therapy with 2 weeks of parenteral high-dose 
penicillin, third-generation cephalosporins, or carbapenems (antibiotics which 
achieve high CNS concentrations) is often advocated [11]. Maintenance therapy 
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should generally continue for at least 1 year. Trimethoprim-sulfamethoxazole was 
previously considered the optimal maintenance strategy following induction; how-
ever, evidence now suggests that this may not be the case. Indeed trimethoprim has 
no action against T. whipplei, as the bacterium lacks the gene coding for dihydrofo-
late reductase, the target of trimethoprim [63]. Recent in  vitro studies have also 
suggested that up to a quarter of T. whipplei strains may be resistant to sulfonamides 
in vitro [64]. Moreover, acquired sulfamethoxazole resistance due to folP mutations 
(the gene encoding dihydropteroate synthase, the target of sulfonamides) has been 
described [65].

Recent evidence suggests that a combination of oral doxycycline and hydroxy-
chloroquine for 12 months might be a more effective treatment option [23]. This 
combination is the only one proven to be bactericidal in vitro and has been success-
fully used in two patients with CNS relapses in whom co-trimoxazole was ineffec-
tive [65, 66]. After 12 months of dual therapy, long-term (possibly lifelong) oral 
doxycycline is advocated by some authors, in order to prevent late relapses or rein-
fection in susceptible patients [55, 67].

Whipple’s disease, whether systemic or localized, should be regarded as a 
chronic disease prone to relapse. As such, patients should undergo lifelong follow-
 up in order to identify both relapses and complications of treatment early and insti-
tute appropriate management without delay [39, 68, 69]. Most cases of CNS relapse 
occur late (beyond 2 years), and it is important to recognize that relapses can occur 
at sites distant from the originally affected organ. After completion of treatment for 
CNS WD, performing T. whipplei PCR on CSF is currently the preferred method for 
confirming treatment efficacy and eradication of the bacterium from the central ner-
vous system. The most common complication arising from treatment of Whipple’s 
disease is the development of a nonspecific inflammatory syndrome termed IRIS 
(immune reconstitution inflammatory syndrome) [70]. This complication occurs 
almost exclusively in patients receiving immunosuppressive therapy (generally fol-
lowing misdiagnosis of their condition as a cryptogenic inflammatory arthritis) 
prior to starting antibiotics [70, 71]. IRIS may manifest as prolonged fever along 
with other signs and symptoms of systemic inflammation, e.g., arthritis, orbitopa-
thy, and gut perforation, after initiation of treatment. It occurs in approximately 
10% of patients but can have a rapid and fatal course. It generally responds promptly 
to the addition of oral corticosteroids, which may be life-saving [39].

See Table  28.1 for modified guidelines for diagnostic screening, biopsy, and 
treatment of CNS Whipple’s disease.
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Table 28.1 Modified guidelines for diagnostic screening, biopsy, and treatment of CNS Whipple’s 
disease [43]

Definite CNS Whipple’s disease
Must have any one of the following three criteria:
   1.  Oculomasticatory myorhythmia or oculofacial-skeletal myorhythmia and/or pendular vergence 

nystagmus
   2.  Positive brain tissue biopsy
   3.  Positive PCR analysis of cerebrospinal fluid
   4.  Autopsy-confirmed diagnosis
Probable CNS Whipple’s disease
   1.  Suggestive neurological symptoms and signs (cognitive decline, personality change, 

supranuclear gaze palsy, etc.)
And
   Positive PCR analysis of duodenal tissue
Or
   PAS-positive macrophages in duodenal biopsy
   +/− Supportive imaging
Possible CNS Whipple’s disease
Must have any one of four systemic symptoms, not due to another known etiology:
   1.  Fever of unknown etiology
   2.  Gastrointestinal symptoms (steatorrhea, abdominal distension, or pain)
   3.  Chronic migratory arthralgias or polyarthralgias
   4.  Unexplained lymphadenopathy, night sweats, or malaise
And
Must have any one of four neurological signs, not due to another known etiology:
   1.  Supranuclear vertical gaze palsy
   2.  Rhythmic myoclonus
   3.  Dementia with psychiatric symptoms
   4.  Hypothalamic manifestations
Suggested diagnostic sequence
Clinical presentation suggestive (but not pathognomonic) of Whipple’s disease (cognitive 
dysfunction, personality change, weight loss, diarrhea, arthralgia)
Proceed to:
   1.  Detailed neurological examination: including evaluation for rhythmic myoclonus, supranuclear 

gaze palsy, pendular vergence nystagmus, cerebellar ataxia
   2.  Laboratory investigations: hypoalbuminemia, steatorrhea, anemia
   3.  Neuroimaging: MRI brain with gadolinium including diffusion-weighted imaging
Suggestive clinical +/− biochemical and radiological features
->Proceed to confirm diagnosis:
   1.  Small bowel biopsy: PAS staining of small intestinal mucosal cells and PCR of gut biopsy 

sample
   2.  Cerebrospinal fluid examination including PCR for T. whipplei
   3.  If discreet lesion on imaging, proceed to stereotactic biopsy to outrule neoplasm, and confirm 

diagnosis (if CSF PCR is negative or if patient fails to respond to appropriate antibiotic therapy)
   4.  Sampling of any other clinically involved sites
Diagnosis confirmed
1st line
   1.  Hydroxychloroquine 200 mg TDS and doxycycline 200 mg/day for 12 months
   Followed by
   2.  Doxycycline 200 mg/day lifelong
2nd line
   1.  Intravenous meropenem 1g TDS for 14 days or ceftriaxone 2g OD for 14 days
   Followed by
   2.  Trimethoprim-sulfamethoxazole 960 mg twice daily by mouth for 12 months
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 Conclusion

Whipple’s disease is a rare infectious disorder that may first be recognized by a 
neurologist or movement disorder clinician. As a treatable condition, like Wilson’s 
disease, it is important to maintain a high index of suspicion.
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 Patient Vignettes

 Patient 1

A 53-year-old man with a 4-year history of symptomatic Huntington’s disease lived 
alone and was independent in activities of daily living, including balancing his 
checkbook, shopping, cooking, and cleaning. He followed up regularly with his 
neurologist and was not currently taking medications. His daughter contacted the 
neurologist alarmed by a significant change in behavior. She had visited her father 
at his apartment the prior evening, and he was argumentative and violent without 
provocation. He turned over chairs and the kitchen table, made threatening remarks 
to her, and even gesticulated as if he were going to hit her. She became fearful for 
her safety and called the police. While waiting for them to arrive, her father pro-
ceeded to straighten up his apartment, so that no evidence of a disturbance was 
present when the police arrived. When interviewed by the police, he appeared calm 
and cooperative, and his daughter decided not to press charges. He agreed to further 
evaluation by neurology and psychiatry in the emergency room. When directly 
questioned, he admitted to episodes of impulsive anger, and to feelings that his fam-
ily was trying to harm him, or to “take his money and put him away.” Upon admis-
sion to the hospital, olanzapine was initiated and marked improvement in these 
feelings occurred. Follow-up care with visiting nurse services and support for his 
daughter allowed him to return home to independent living.
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 Patient 2

A 55-year-old right-handed man was diagnosed with HD with DNA testing showing 
45 CAG repeats. He developed mild to moderate choreiform movements that were 
attenuated by risperidone. He was mildly depressed but not agitated. He had cogni-
tive impairment, was very impulsive, and lacked awareness of his physical deficits. 
Subsequently, he had frequent falls. Approximately 5 years after diagnosis, he fell 
and sustained a right humeral fracture. Due to the HD-related cognitive difficulties, 
he was unable to follow the treatment recommendations and developed brachial 
plexus and radial nerve injury resulting in a flail right limb. He continued to fall on 
a regular basis. Three years later, he was found down at his skilled nursing facility. 
Emergency room evaluation revealed a large subdural hematoma with signs of 
impending herniation. The family opted for nonsurgical treatment and he passed 
away 3 days later.

 Patient 3

A 51-year-old woman with a 10-year history of HD, with choreiform movements 
controlled by aripiprazole, moderately impaired cognition, and depression, lived 
with her husband who provided assistance with all activities of daily living. At her 
last clinic visit, her husband reported some mild worsening of chorea and memory 
impairment as expected, as well as issues indicating he was likely experiencing 
caregiver burnout. He contacted the clinic a month later and reported significantly 
worsening chorea, new episodes of confusion, and lethargy. He denied any signs of 
infection and was convinced she was now at a terminal stage of HD.  She was 
requesting to use the bathroom frequently and focused on urinary and bowel issues. 
He was advised to take her to the emergency room, where she was found to be 
febrile and aspiration pneumonia was suspected. Further evaluation of abnormal 
liver function tests revealed that she had cholecystitis with perforation and abscess 
formation. She was treated medically and surgically. When seen in follow-up 6 
months later, she was back to her baseline.

 Introduction

Huntington’s disease (HD) is a neurodegenerative disease caused by an autosomal 
dominant inherited abnormal expansion in the huntingtin gene on chromosome 4. 
Although observed for centuries, George Huntington’s seminal description in 1872 
led to better recognition of this disease. After a worldwide collaboration of scien-
tists and physicians, in 1993 the gene defect causing HD was identified. This domi-
nantly inherited CAG trinucleotide repeat expansion results in the production of 
abnormal huntingtin protein. The mutant huntingtin protein causes neuronal dys-
function and death via a cascade of various cellular mechanisms. These include 
toxicity of mutant protein, transcriptional dysregulation, abnormal neuronal 
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aggregation, changes in axonal transport, synaptic dysfunction, excitotoxicity, and 
mitochondrial dysfunction [1]. At a macroscopic level, pathological changes are 
seen in both cortical and subcortical striatal regions at early phases of the disease. 
As the disease progresses, obvious changes are noted including global cerebral atro-
phy and preferential atrophy of the caudate nucleus and other basal ganglia struc-
tures [2].

Clinically HD is characterized by cognitive, psychiatric, and movement abnor-
malities. Worldwide prevalence varies greatly. The disease prevalence is 10.6–13.7 
individuals per 100,000 in Western populations, 1–7 per million prevalence in Asian 
populations, and lower rates in African populations. This likely occurs due to differ-
ences in CAG repeat length in the mutant huntingtin gene, with longer repeat lengths 
found in populations with higher prevalence [2–4]. Symptom onset is often in the 
fourth to fifth decades, but onset across the lifespan even in infancy or old age has 
been observed [5–7]. As knowledge regarding HD evolves and as advances in 
genetic testing occur, nomenclature regarding the phases of the disease has changed. 
Following a period of clinical normalcy, patients progress through a 10- to 20-year 
period of gradual decline that is not clinically perceptible but can be demonstrated 
using sensitive experimental measures of brain volume, motor function, cognition, 
and psychiatric function. Subtle but definite motor, behavioral, and cognitive signs 
emerge from this transitional or pre-manifest period and include clumsiness, mild 
chorea, difficulty with complex cognitive tasks, and affective or personality changes. 
Although predominantly behavioral or cognitive presentations of HD are well rec-
ognized leading to calls to broaden the definition of manifest illness, current criteria 
for clinically manifest disease are anchored in the presence of a clinically typical 
motor syndrome [8–11].

The motor signs and symptoms change in appearance across the spectrum of 
disease progression. Chorea may be very subtle at first, increases over the course of 
the illness, and often plateaus in mid-stage disease. Chorea severity may actually 
decline in later-stage disease. However, with disease progression, rigidity, bradyki-
nesia, and dystonia assume increasing importance, and in many patients these 
movement disorders come to predominate [12]. The motor picture in end-stage dis-
ease includes severe dysarthria and dysphagia, very slow and poorly coordinated 
movement, severe postural abnormality even when seated, and inability to stand or 
walk [12].

The cognitive disorder reflects subcortical pathology, with deficits in attention 
and concentration, processing speed, multitasking, planning and organization, 
problem- solving, and visuoperceptual abnormalities [13, 14]. Cognitive changes 
lead to loss of work and driving and contribute to loss of function and poor quality 
of life in HD. The cognitive disorder progresses to a global dementia in late-stage 
disease [15]. It is well recognized that HD patients have decreased awareness of 
many aspects of their clinical state.

 Patients with early HD are often unaware of their chorea, and may 
not be aware that anything is wrong.

Behavioral and psychiatric changes include abnormal affect (especially depres-
sion), personality change, irritability or aggression, anxiety, apathy, and rarely 

29 Emergencies in Huntington’s Disease



534

psychosis [16]. Behavioral changes may begin very early in the illness, often before 
clinically manifest motor changes. Unlike the motor and cognitive changes in HD, 
behavioral changes do not progress in a linear fashion. Thus, aberrant behaviors can 
arise suddenly and unexpectedly and may respond to drugs or other therapies [17, 
18]. When HD begins before the age of 21 (juvenile HD which is relatively rare), 
the motor phenotype is characterized by bradykinesia, rigidity, dystonia, myoclo-
nus, and often seizures [7]. Eventually every patient with HD requires 24-hour 
supervision and assistance with all daily tasks. For many, this level of care is pos-
sible only in an institutional setting. Disease duration at death averages about 
17 years [2, 19–21].

 HD is unique in movement disorders: a disorder that is 100% pene-
trant, with disinhibition and cognitive impairment, and certain incapacity.

 Emergencies in HD

Given its chronic progressive nature, there is little published literature into the types 
of emergencies encountered in HD care. In one study of 3612 hospitalizations in 
HD patients, 22% were related to respiratory illness, 10% to urinary tract infection 
or sepsis, and 6% to trauma. Twenty-one percent were related to psychiatric diagno-
ses [22]. Death certificate studies in HD reveal that important causes of death are 
pneumonia and choking, nutritional deficiency, chronic skin ulcers and debility, and 
mental disorders including suicide [23–25]. These studies suggest that emergencies 
in HD generally result from (1) complications of the movement disorder, or (2) 
psychiatric and behavioral changes or sequelae of their management.

 Psychiatric Emergencies in HD

Psychiatric symptoms are nearly universal in HD and span the spectrum from per-
sonality changes through affective disorders and psychosis [17, 26, 27]. Psychiatric 
syndromes precipitate about 20% of acute HD hospitalizations. Dementia and affec-
tive disturbances are the most frequent psychiatric causes of hospitalization but are 
rarely associated with in-hospital mortality [22]. Depression occurs commonly in 
HD. First-degree relatives of HD patients report that sadness and depression are 
among the earliest symptoms of the disorder [28]. A study in HD subjects in the 
Huntington Study Group database showed nearly half of all subject endorsed anxi-
ety or depression and 25% had low self-esteem. Patients in early stages were more 
likely to endorse symptoms of sadness and depression than were patients in later 
stages of the illness [29].

George Huntington himself observed a connection between HD and suicide, 
writing “(t)he tendency to insanity, and sometimes that form of insanity which leads 
to suicide, is marked” [30]. An increase in suicidality in HD patients compared to 
the general population is widely accepted, though estimates of the magnitude of this 
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increase vary [26, 31–36]. Suicidal ideation and suicide have been reported in clini-
cally manifest disease, pre-manifest gene carriers, and even family members not 
known to carry the mutation [31]. In a large study of the Huntington Study Group 
dataset, including 4171 subjects (1483 “at risk” and 2688 with clinically manifest 
HD), suicidal ideation was endorsed by 17.5% of these subjects and was “moder-
ate” or “severe with intent and plan” in about 10% of subjects. This study identified 
two critical periods of increased risk: at the time of development of soft neurologi-
cal signs early in the “zone of onset” of clinical signs and later when clinical signs 
begin to impair occupational or financial functions. A cross-sectional study of 2835 
HD subjects in the Huntington Study Group database found 10% had a prior suicide 
attempt [29]. Large studies suggest suicide is the cause of death in 0.1–14% of HD 
cases [31, 37, 38]. Continued surveillance for depressed mood and suicidal ideation 
is critical if suicide is to be prevented. HD families should be counseled to recognize 
suicidality, to remove potential means of suicide from the home, and when and how 
to handle acute suicidality [26, 34–36].

Other psychiatric syndromes that result in a significant number of HD hospital-
izations include dementia-related symptoms (7% of admissions) and psychotic 
symptoms (4% of admissions). Admissions also occur for ethanol and substance 
abuse, anxiety and personality disorders, medication toxicity, and others [22]. There 
are no published high-quality controlled clinical trials of any therapy for psychiatric 
disorders in HD. An evidence-based review suggested that amitriptyline and mir-
tazapine were possibly useful for the treatment of depression, that risperidone was 
possibly useful for psychosis, and that haloperidol, olanzapine, propranolol, and 
buspirone were possibly useful for behavioral disorders [39]. Currently, HD-related 
psychiatric symptoms are treated by usual psychiatric standard of care clinical prin-
ciples [26, 36].

Since dopamine-blocking agents are used to help reduce chorea, neuroleptic 
malignant syndrome may occur. Neuroleptic malignant syndrome (NMS) was first 
described in 1960. It is a dramatic iatrogenic disorder resulting from the use of 
drugs with dopamine receptor-blocking activity. Diagnostic criteria for NMS 
include hyperthermia, autonomic instability, rigidity, altered consciousness, ele-
vated creatine kinase, and leukocytosis [40]. Onset of symptoms is often within 
1 week of initiation or escalation of dose of the causative agent. Once the offending 
agent has been discontinued, recovery can be slow and complications are common. 
These include aspiration, rhabdomyolysis, or renal failure. Most often reported with 
first-generation antipsychotics, NMS has been reported with second-generation 
antipsychotics and with other agents that block dopamine receptors, including anti-
emetics. Young and middle-aged men seem to have a higher risk of NMS. Among 
patients treated with these agents, the incidence of NMS is low (about 0.2%) [41]. 
Isolated cases of NMS in HD have been reported. Implicated drugs included tetra-
benazine [42, 43] and aripiprazole [44]. There is no reliable evidence base for treat-
ment of NMS in HD. Prudence dictates discontinuation of the offending dopamine 
receptor-blocking agent, or dose reduction as appropriate. Further management 
should be guided by the usual principles of NMS care in a psychiatric population.
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 Trauma

Trauma accounts for about 5% of HD hospital admissions and is associated with 2% 
in-hospital mortality and high likelihood of discharge to a long-term care facility 
[22]. Falls are a significant cause of injuries in HD. Studies reveal high rates of falls 
with greater than 75% of people reporting falling on a regular basis during the 
course of the disease. As the disease progresses, the frequency of falling increases, 
often with numerous falls per day [45, 46]. HD causes a complex gait disorder that 
includes progressive slowing, shortening of stride length, and reduced cadence with 
increased double-support time and base of support. There is significant and progres-
sively increasing variability in all these measures as well [46, 47]. Impulsivity and 
poor judgment contribute to fall risk, and HD falls are associated with poorer motor 
function, more aggression, and worse cognition [45, 46]. The most important 
sequelae of trauma in HD are intracranial injuries and fractures, but open wounds, 
dislocations, and crushing wounds also occur.

Intracranial injuries prompt nearly half of acute hospitalizations for HD [22]. 
Many of these admissions were likely for subdural hematoma (SDH). SDH forms 
when blood accumulates in the potential space between the arachnoid membranes 
and dura mater due to tearing of the veins that carry blood from the cortical surface 
to the dural sinuses or by rupture of small cortical arteries [48, 49]. Acute SDH usu-
ally presents within a few days of a significant head injury, while chronic SDH 
generally presents more than 3 weeks from the ictus and tends to be associated with 
more minor head injury. Age, male gender, alcoholism, cerebral atrophy, and use of 
anticoagulants are risk factors for SDH.

Cerebral atrophy coupled with a tendency to fall in HD predisposes these patients 
to the development of SDH (Fig. 29.1). In one center, nearly 7% of 58 cases of sub-
dural hematoma surgeries occurred in patients with HD. About 2.5% of their chronic 

Fig. 29.1 CT brain scan 
in a patient with late-stage 
HD and multiple falls. 
There is a chronic subdural 
hematoma over the right 
side of the brain with mass 
effect and midline shift. 
This hematoma required 
multiple surgeries and was 
ultimately fatal
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HD population developed SDH [24, 50]. SDH may leave a patient with substantial 
disability or may be fatal. It typically occurs in a moderately affected HD patient 
who is still walking without assistance but with significant postural instability and 
typically presents in a chronic state. Of the four HD subjects with SDH in the afore-
mentioned study, age ranged from 44 to 62 years, and disease duration ranged from 
3 to 11 years. None had major head trauma, though three had one or more minor 
head traumas 2–3 months prior to SDH. In one case the diagnosis was incidental. 
Symptoms in the other three cases included headaches, gait disturbance, hemipare-
sis, anisocoria, and coma. One patient had bilateral hematomas. In all, there was 
evidence of mass effect with shift. All patients were managed with surgical evacua-
tion, although reoperation was required in two of four [50].

The most common acute traumatic injuries in a large hospitalization cohort were 
hip fracture (25%) and limb or other fractures (25%). Soft tissue trauma, crushing 
injuries, and open wounds were also reported [22]. It is important to note that HD 
patients often are poorly aware of their physical deficits [2, 51] including pain, so 
families and physicians must be alert to changes that might reflect the patient having 
sustained a traumatic injury. Falls in HD can be predicted by performance on mea-
sures of gait and balance, such as the Berg Balance Scale, Timed Up and Go test, 
and the Tinetti Mobility Test [46, 52–54]. Fall prevention is critical in HD and 
requires judicious use of physical therapy. Walkers and other aids often prove dif-
ficult to use by HD patients. A gait belt may be useful to the caregiver. A patient 
with repeated falls should be encouraged to wear a safety helmet. Passive restraints 
are often the easy solution to the falling patient, but this approach exposes the 
patient to the risk of injury or death. Restraint-related deaths in the general popula-
tion tends to occur in nursing homes and are associated with cognitive impairment, 
impulsivity, and involuntary movements, suggesting HD patients may be at particu-
lar risk [55]. While restraint-related injury and even death are reported in the HD 
literature [20], the frequency of these events is unknown. Given these factors, 
restraints should be avoided in HD patients in favor of other measures to reduce falls.

 Pneumonia and Aspiration Pneumonitis

Pneumonia and aspiration pneumonitis are complications of HD, together account-
ing for almost 20% of hospitalizations and 42% of deaths in HD [22, 24, 25]. The 
in-hospital mortality of respiratory disease in HD is about 7%, and more than half 
of the survivors who had previously lived at home enter institutional care after dis-
charge [22]. The importance of respiratory disease in HD relates to the prominence 
of dysphagia in the illness. While there are no published data on the prevalence of 
dysphagia by illness stage or on progression of dysphagia, the literature is clear that 
dysphagia is universal in middle- to late-stage HD. Descriptive series suggest dys-
phagia in HD reflects both hyperkinetic (chorea, repetitive swallow, inability to stop 
respirations) and hypokinetic (mandibular rigidity, slow lingual movements, cough-
ing, and choking) features. The combination of hyperkinetic and hypokinetic motor 
abnormalities, cognitive decline, and behavioral changes causes complex disorders 
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of eating and feeding with abnormalities occurring in almost every aspect of eating 
and swallowing [56, 57].

Pneumonia and pneumonitis may require intravenous antibiotics and respiratory 
therapy. The development of this illness should also prompt a speech therapy assess-
ment for swallowing and often requires a formal swallowing study. It is thought that 
aspiration risk can be reduced by supervised or assisted feeding and by swallowing 
therapy, but there is a scant evidence base to support these contentions [56]. 
Pneumonia risk coupled with malnutrition in late-stage disease prompts the consid-
eration of percutaneous feeding tube insertion for most patients in later-stage 
HD. Published indications for a feeding tube include weight loss greater than 10% 
over 1 month, dehydration, repeated aspiration, and severe dysphagia [58]. The fre-
quency of feeding tube uptake in the HD community is unknown, but it is far from 
universal, and there are many factors to consider before making a decision including 
the patient’s expressed wishes regarding artificial feeding.

In addition to the risk of aspiration pneumonitis, there is a risk of asphyxiation 
from acute choking. The combination of a healthy appetite, impulsivity, cognitive 
impairment, and deranged swallowing can precipitate an acute choking emergency. 
Attention to the size and consistency of food and supervised or assisted feeding 
reduce the risk of this calamity. Caregivers are advised to seek training in acute first 
aid including an approach to choking.

 HD patients are at risk for aspiration, particularly with certain foods 
(e.g., hot dogs).

HD does not preclude an individual from developing “usual” or “common” med-
ical and surgical conditions. The cognitive and psychiatric manifestations of HD 
can make the detection of common medical problems difficult. People with HD may 
not exhibit or be able to report symptoms in a manner that healthcare workers are 
accustomed. Often when people with HD become ill with common illnesses, their 
baseline HD symptoms become exacerbated or unmasked. The usual course of dis-
ease progression is gradual over years with some acceleration in the pace at more 
advanced “terminal” stages. If a patient presents with sudden (days to weeks) wors-
ening of baseline symptoms, one has to be alert for other underlying medical condi-
tions or illnesses. Of additional importance is inclusion of healthcare providers that 
are familiar with the individual. Of course, as HD symptoms progress, quality of life 
worsens, and people with advanced HD need the benefits of palliative care interven-
tions; however to do so prematurely has obvious ethical implications.

 Conclusion

The triad of cognitive decline, psychiatric issues, and choreiform movements alerts 
one to possible HD.  Although great strides have occurred in understanding this 
disease, especially at a molecular level, it remains an incurable disease, but not 
without hope. New molecular biological techniques and therapies are undergoing 
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clinical trials in humans at the time of this publication [59, 60]. Although these 
treatments hopefully will alter the course of this disease by slowing progression or 
halting progression, individuals with HD will remain at risk of neurologic and med-
ical emergencies. Healthcare workers need to remain alert to identifying signs of 
acute psychiatric decline, trauma-induced injuries, and acute medical and/or surgi-
cal issues that may be difficult to uncover in someone with HD.
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Genetics and Genetic Counseling- 
Related Issues

Martha A. Nance

 Patient Vignettes

 Patient 1

A 32-year-old woman presented to clinic with her partner, also 32 years old. She 
reported that she was 12 weeks’ pregnant, with a pregnancy that was desired. Her 
partner had recently informed her that he was at risk for Huntington’s disease, as his 
mother and uncle had died of the disorder. They had not previously discussed his 
family history, and he had never been evaluated by a neurologist. The woman 
requested that he be tested urgently and, if his test showed that he carried the genetic 
abnormality that causes Huntington’s disease, that she be offered a prenatal test to 
determine whether the fetus carried the abnormal gene.

The couple met with the social worker and genetic counselor to discuss their 
options. The woman expressed the desire to continue the pregnancy if she could be 
assured that “her baby” would not have HD. She was not sure what she would do if 
“it” tested positive for the gene, but felt that she might terminate the pregnancy. The 
at-risk partner discussed his fears about the possibility of a diagnosis of HD, and 
also indicated that he was not interested in predictive testing or a neurologic exam. 
After discussion with the woman’s obstetrician, chorionic villus sampling was 
performed, with testing for the huntingtin gene (HTT). This decision was based on 
current practices related to maternal rights for fetal testing. The test showed that the 
fetus did not carry the mutation that causes Huntington’s disease, a CAG repeat 
expansion.
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 Patient 2

A 65-year-old man with Parkinson’s disease called his neurologist confused and 
upset. He, his sister, and cousin were affected with Parkinson’s disease, diagnosed 
by movement disorders experts. His cousin, aware of the diagnoses in other family 
members, had undergone direct-to-consumer testing “for Parkinson’s disease,” 
which was negative. Genetic testing on the 65-year-old patient at the time of his 
diagnosis, using a “Parkinson’s gene testing panel” available through the company 
that our clinic prefers to use, tested 20 different genes all of which were normal. 
However, the patient’s sister also underwent testing for Parkinson’s disease through 
her neurologist in another state; her test panel only included seven genes, but she 
was found to have a mutation in the glucocerebrosidase A (GBA) gene, which she 
was told was the cause of her Parkinson’s disease. She was also told that her children 
could also potentially inherit another disease, called Gaucher disease. Multiple 
family members in multiple generations were confused, angry at the patient’s sister, 
and angry at the doctors and the direct-to-consumer company for failing to detect 
the gene mutation in the sister.

Test reports were obtained from the sister and cousin, and the neurologist met 
with the family by video during the patient’s appointment. The underlying problem 
was that different laboratory panels test different genes using different methods. 
The direct-to-consumer test looked for a single specific mutation in GBA, which 
was not the mutation present in this family. The 20-gene panel evaluated genes 
associated with Parkinson’s disease, but GBA was not among them. The discrepancy 
between the test panels was explained to the patient and his family members, and he 
and his cousin underwent GBA testing through the laboratory that performed the 
sister’s test. His test was positive, but his cousin’s was negative, illustrating that the 
etiology of Parkinson’s disease is complex and that nongenetic “phenocopies” may 
occur even in families where there is an identified genetic cause of Parkinson’s 
disease. Some GBA mutations that are associated with Parkinson’s disease are also 
associated with the recessive condition, Gaucher disease, in children who receive an 
abnormal gene from both parents. The children of the patient and his sister and other 
siblings were encouraged to ask for a referral to a genetic counselor, to consider 
testing for the family’s GBA mutation, which might clarify their risk for both 
Parkinson’s disease and also Gaucher disease in future generations.

 Introduction

In the ideal outpatient clinic, diagnoses (including genetic ones) are provided by 
caring and knowledgeable physicians with an abundance of time, complemented by 
easy access to educational materials, support staff, and a treatment plan to address 
the newly diagnosed condition. The subspecialties of medical genetics/genomics 
and genetic counseling developed in response to the unique diagnostic and 
management issues that accompany genetic disorders. Genetics specialists can help 
the neurologist to avoid crises related to the genetic aspects of neurogenetic disorders 
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and to help alleviate them if they arise. However, the busy neurologist may not have 
detailed knowledge of a particular genetic condition, or may not have immediate 
access to a genetics specialist, and so may encounter a neurogenetic emergency. We 
describe below some problematic situations that can arise related to genetic testing 
and neurogenetic disorders and suggest strategies to prevent or manage them.

There are four clinically distinct situations in which genetic testing might be 
offered: for diagnostic confirmation, predictive testing, prenatal or preimplantation 
testing, and carrier testing. Superficially, diagnostic genetic testing is a familiar 
concept for the neurologist. However, after a genetic diagnosis is made in an affected 
individual, additional requests for information or additional types of testing may 
quickly ensue, with which the neurologist is less familiar. The patient might request 
prenatal (or preimplantation) genetic testing for a current or future pregnancy; and 
siblings, children, or other relatives might want to consider carrier testing (for a 
recessively inherited condition) or pre-symptomatic or predictive testing (usually in 
the context of a dominantly inherited condition). While other clinicians will certainly 
be involved in the decision to perform prenatal or preimplantation testing, the 
neurologist may be asked to perform predictive or carrier testing, or at least to direct 
family members to where it can be performed. The lack of guidance or provision of 
incorrect information to families at this point can have adverse effects that resonate 
over generations.

 Psychosocial Emergencies Following a Diagnostic Gene Test

By definition, a genetic disorder is inborn and permanent. If a person is not the first 
in the family to be diagnosed with a neurogenetic condition, then the diagnosis may 
confirm the parent or patient’s worst fear, a fear that may have been smoldering for 
years or generations. On the other hand, if the diagnosis is new to the family, the 
patient may experience, in addition to grief for their own situation, guilt for having 
“brought the disease” into the family. There is also a potential for the diagnosis of a 
genetic condition to bring to light such issues as unknown adoption, nonpaternity, 
and incest, with obvious potential impact on family relationships. Family members 
may demand immediate testing to clarify their risk status. In addition, many 
neurogenetic movement disorders—Parkinson’s disease, Huntington’s disease, and 
some of the hereditary ataxias and dystonias—can have cognitive and behavioral 
effects that impact a patient’s ability to cope with or fully understand a genetic 
diagnosis and its broader implications for others in the family.

The risk of adverse psychological events following the diagnosis of a neuroge-
netic condition varies depending on the condition. Suicidal ideation occurs in up to 
23.5% of people with “possible” (soft signs suggesting) Huntington’s disease, and 
over 15% of those in Stage I or Stage II of the disease, before declining later in the 
disease, suggesting that individuals at and around the time of diagnosis are 
particularly susceptible to suicidality [1]. Suicide has been reported in patients with 
myoclonus-dystonia syndrome, and also following deep brain stimulation surgery 
for dystonia [2, 3]. In one review, suicide attempts occurred in 7/45 patients with 
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Wilson’s disease [4]. Suicidal thinking was present in 11% of a convenience sample 
of outpatients with Parkinson’s disease [5]. Although suicide has not been reported, 
depression occurs in about 25% of patients with spinocerebellar ataxia and 50% of 
patients with hereditary spastic paraplegia [6, 7]. Although depression is common in 
Tourette syndrome, suicide appears to be uncommon, and suicide has only rarely 
been reported in patients with essential tremor or any of the hereditary ataxia 
syndromes. Whether people with suicidality, depression, or psychosis are more 
sensitive at the time of a diagnosis, with or without genetic confirmation, and 
whether genetic diagnosis is likely to trigger a less-than-lethal level of depression, 
is generally not known.

Huntington’s disease presents a unique situation in neurogenetics, in which all 
individuals with the disease have the same mutation at the same location in the same 
gene (with the minor exception of HD “look-alikes” such as Huntington’s disease- 
like 2 (HDL-2), dentatorubral-pallidoluysian (DRPLA), and spinocerebellar ataxia 
type 17 (SCA17)). Because of this, a relatively inexpensive targeted analysis of the 
CAG repeat expansion in the huntingtin gene is available, and counseling regarding 
the relationship between the presence of the gene mutation and the development of 
the disease is relatively straightforward. The situation becomes more complex for 
the hereditary ataxias, dystonias, and spastic paraplegias, where mutations in sev-
eral different genes can lead to a similar phenotype, mutations in the same gene can 
lead to different phenotypes, and multiple different mutations in the same gene can 
occur, which may or may not be detected using any given assay [8]. The potential 
for uncertainty or unexpected results following genetic testing is thus greater in 
these conditions and may create discomfort or distrust between patient, family, and 
clinician.

For Parkinson’s disease, the situation is even more complex, as demonstrated in 
the Patient 2 vignette. Mutations in multiple different genes have been shown to be 
associated with Parkinson’s disease. Nongenetic phenocopies can occur (people 
from a “Parkinson’s family” who have Parkinson’s disease but do not carry the 
family gene mutation). Gene test panels vary widely as to which genes and which 
mutations they include, and, as we will discuss later, reduced penetrance for many 
of the identifiable mutations complicates the discussion with at-risk but clinically 
unaffected individuals. There is also the possibility that individuals may carry 
mutations in more than one Parkinson’s gene. The role of genetic testing in 
Parkinson’s disease has recently been reviewed [9]. Finally, in this rapidly evolving 
area of neurogenetics, as more people are undergoing genetic testing, more sequence 
variants are identified in Parkinson’s disease genes that have uncertain significance, 
because they have not been seen or reported in the medical literature before. These 
“variants of uncertain significance” (VUSes) are the genetic equivalent of the 
“unidentified bright objects” seen frequently on brain MRI scans, which neurologists 
learn to interpret with a heavy dose of clinical context [10]. Some genetic testing 
laboratories report VUSes, and others do not. Failure of the clinician to discuss 
VUSes described in a test report, or overestimation of their relevance, is common 
and may lead to confusion and misunderstanding, with consequences for the patient 
and other family members [11].
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 Requests for “Emergency” Diagnostic Testing

While a diagnostic gene test can provide a definitive confirmation of a patient’s 
diagnosis, other than in a child with an acute metabolic crisis due to an inborn error 
of metabolism, it is rarely an emergency to obtain this confirmation. In some cases, 
a clinical diagnosis might be allowed to trump a negative or inconclusive genetic 
test result. Unfortunately, both patients and doctors can overestimate the information 
content of a diagnostic/confirmatory gene test, which can create an unnecessary 
sense of urgency around its use. The following two cases illustrate this point.

 Patient 3

A 40-year-old woman asks for an urgent evaluation. She is performing poorly in the 
workplace, with increasing clumsiness over the last 3–4 years, ataxia, and a change 
in speech. Coworkers are accusing her of being intoxicated at work. Her deceased 
mother and grandfather had similar symptoms, and her brother has “hereditary 
ataxia.” She would like an ataxia gene test, so that she can apply for disability before 
she gets fired from her job, which seems imminent. Examination shows dysarthria, 
gait spasticity and ataxia, limb ataxia, slow eye movements, and hyporeflexia. No 
additional information can be obtained about the other family members; she is 
estranged from her brother.

This patient should be given a working clinical diagnosis of hereditary ataxia, 
with further evaluation to include MR imaging (primarily to rule out other treatable 
potential causes of ataxia and spasticity, such as multiple sclerosis) and an attempt to 
access the brother’s gene test results. If the brother in fact came to a specific genetic 
diagnosis, for instance, spinocerebellar ataxia type 2 (SCA2), then the patient’s 
working diagnosis can be amended to SCA2 pending a focused test of that particular 
gene. If the brother never came to a specific genetic diagnosis, or if his records are 
truly inaccessible, then the patient will need a more expensive “ataxia genetic panel.” 
It is important to note that the patient’s disability is due to the progressive and severe 
nature of the neurological findings, not to the specific genetic diagnosis. Even if the 
patient’s gene test is normal and the family diagnosis remains uncertain, she is still 
disabled due to a progressive neurodegenerative disease process.

 Patient 4

A 35-year-old man is admitted to the psychiatric crisis unit for the third time in 
2 years. He lives on the street in his town in the summer but makes his way south in 
the winter. He only comes to medical attention in a crisis situation, and little 
additional medical or family history has been available. This time, however, a family 
member appears at his bedside and says that the patient’s father and brother both 
have Huntington’s disease. The psychiatry resident orders a stat HD gene test and a 
neurology consult.
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Rather than a stat gene test, this patient needs a thorough medical history and 
neurologic exam. He may also benefit from formal neuropsychological testing. If he 
has obvious chorea and/or cognitive decline from his prior employment as an 
architect, then the working diagnosis of HD is evident, and the gene test is not an 
emergency. If the exam shows subtle changes that could be consistent with HD, then 
a nonurgent test to rule that condition in or out is reasonable. If he has no movement 
disorder, has been on the streets since his early 20s, has never worked more than 
temporary jobs, and was diagnosed 15 years ago with paranoid schizophrenia, then 
the clinical diagnosis of HD is not evident, and any genetic testing would be 
considered “predictive” and should only be done if and when the patient requests it. 
No matter what the results of the gene test are, or whether it is performed or not, the 
patient needs urgent and ongoing psychiatric care. The gene test can be performed 
at a time when the patient is not in the midst of a psychiatric crisis and is more able 
to understand the implications of the results.

A final comment should be made about the potential impact of diagnostic genetic 
testing on employment. The Genetic Information Nondiscrimination Act (GINA) 
prevents discrimination in employment or insurance because of gene test results 
[12]. This will be discussed in the next section, as it is relevant to individuals 
undergoing carrier testing or pre-symptomatic testing, and is not relevant to 
diagnostic genetic testing in a patient who already has a diagnosis or neurologic 
symptoms of a disease.

 Psychosocial Complications of Predictive Testing

Guidelines written over 25  years ago (shortly after the identification of the HD 
gene) recommended a course of genetic counseling, psychological assessment, and 
neurologic examination prior to the completion of a predictive gene test [13]. The 
purpose of these guidelines was to protect patients requesting predictive testing 
from experiencing adverse psychological and social consequences of testing for an 
incurable disease, which would not be offset by any therapeutic strategies to delay 
or prevent the disease. These guidelines are still referred to today as a model for 
pre-symptomatic genetic testing of other adult-onset neurogenetic disorders [14]. A 
worldwide survey of over 4500 individuals tested at “predictive testing centers” 
showed that the risk of catastrophic events (defined as suicide, suicide attempt, 
psychiatric hospitalization) after predictive testing was less than 1% [15]. It is not 
known whether the outcomes are different for patients who undergo predictive 
testing in a less rigorously supported situation, such as through their primary care 
physician, neurologist, or psychiatrist without the added benefits of genetic 
counseling and psychosocial assessment and support.

It is also not known whether a more abbreviated testing protocol could be used 
for other neurogenetic movement disorders. Given that the genetic complexity and 
heterogeneity of other groups of movement disorders (ataxias, dystonias, spastic 
paraplegias, parkinsonian syndromes) are greater than HD, it seems safest to make 
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use of genetics specialists if a patient requests predictive testing, carrier testing, or 
genetic risk factor assessment for virtually any movement disorder. Knowing that 
the primary risks of predictive testing are psychosocial, the clinician may also wish 
to involve a social worker or psychologist, if they plan to provide predictive testing 
for patients. Recent studies have pointed out the importance of support for tested 
patients, in particular the possibility of psychological stress if the test result 
precipitates changes in family dynamics or contradicts what the patient thought the 
outcome would be [16]. As genetic testing for Parkinson’s disease becomes more 
widespread, requests for predictive genetic testing will undoubtedly ensue. The 
neurologist is strongly advised to refer such patients to a genetic counselor for an 
in-depth discussion of the possibility of nongenetic PD occurring in patients who 
test negative, as well as the likelihood of reduced penetrance for the most common 
“dominant” PD genes, such as LRRK2 and GBA, and the potential psychosocial 
consequences of early knowledge of genetic status [9].

Next-generation sequencing opens up the possibility of predictive testing for 
neurodegenerative disorders even in the absence of a family history or a known 
genetic diagnosis. Goldman et al. used a “modified Huntington’s disease genetic 
testing protocol” that included pre- and post-test genetic counseling, neurologic and 
psychological evaluations in a pilot study of 24 individuals evaluated through next- 
generation sequencing (including patients without a specific known family diagno-
sis), and found this procedure to be safe and generally well-received [17].

 Genetic testing for Huntington’s disease should never be ordered 
without careful pre- and post-test counseling and psychological care.

A situation occasionally arises in which a third party inappropriately requests an 
urgent predictive gene test to be performed. For instance, an employer may wish to 
know whether an employee carries a gene that will cause incoordination or cognitive/
behavioral impairment. This is the situation in which GINA provides important 
protections, by preventing an employer (with more than 15 employees) from 
requiring genetic testing, or asking about results of a previously performed test. 
This legislation also prevents health insurers from requiring a gene test or providing 
coverage differently because of the results of a gene test [12]. Importantly, GINA 
does not provide protection to tested individuals in relation to other kinds of 
insurance, such as life, long-term care, disability, or homeowner’s insurance.

Occasionally, a young adult whose parent is at risk for a dominantly inherited 
condition requests predictive testing. In this situation, a positive test result for the 
patient means that the parent, who did not request testing and may not want to know 
their genetic status, must also carry the abnormal gene (the same applies to an 
identical twin). Although we have made the decision to proceed with testing in these 
cases after counseling and consultation with our institutional ethics committee, 
adverse consequences of this kind of decision have been observed [18].

We have been involved in situations where a party in a custody dispute demands 
testing of a parent at risk for HD to determine that person’s future ability to work or 
to care for the child. In this situation, we have tried to make clear to all the distinction 
between a diagnostic test in a person who is having symptoms of HD (in which case 
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the neurologic exam or cognitive tests identify an impairment), the gene test that 
confirms the clinical diagnosis, and a test to determine whether an asymptomatic 
person carries a gene for a condition that may not manifest until years later. 
Predictive testing in the United States leans strongly on the ethical principle of 
autonomy, the right of the testing individual to choose whether to be tested free of 
coercion, with a clear understanding of the medical benefits, which may be zero, 
and the psychosocial risks [19]. An analogous discussion has been applied to the 
idea of testing children at risk for adult-onset diseases before they have the cognitive, 
emotional, and legal ability to make decisions for themselves. There may be specific 
individuals or situations in which predictive genetic testing of a minor is reasonable, 
for instance, an emancipated minor [20]. Finally, there is concern that the use of 
direct-to-consumer tests by minors could lead to deleterious psychosocial 
effects [21].

The potential for genetic discrimination, such as loss of insurance, related to 
predictive testing of asymptomatic individuals for conditions such as HD has been 
discussed for years [22]—there are few detailed case reports of actual events [23]. 
One study showed that family history of HD, rather than the gene test itself, 
presented a greater risk for events perceived as examples of discrimination and that 
the events more commonly related to insurance, family, and social situations, and 
less often to work, healthcare, or public situations [24]. Finally, there is an upcoming 
potential problem of confidentiality as we move into the era of open access to 
electronic medical records [25]. The neurologist who treats patients with genetic 
neurologic disorders should be sensitive to the potential social impact of the 
diagnosis, genetic risk status, or gene test results—obtained at any point in the 
patient’s life—on self-image and on their standing within the family, workplace, 
and community.

 Prenatal Testing

Prenatal tests for neurogenetic conditions are sometimes requested urgently or 
emergently, because of time pressure related to the pregnancy. The best strategy to 
avoid these situations is detailed and repeated proactive communication with the 
patient and family. The day that the patient is given a diagnosis of DYT1 dystonia 
or SCA3 ataxia may not be the best day to have a detailed discussion about 
reproductive and testing options, but the conversation needs to occur and may need 
to occur more than once for full understanding. Printed materials from disease- 
specific lay organizations can be helpful, and for the patient of child-bearing 
potential, referral to a genetic counselor for a detailed discussion is appropriate. A 
surprising amount of genetic misinformation and misunderstanding still exists, and 
sometimes having multiple family members present (or in the COVID era, logged 
in by video) for a genetics discussion can help to avoid the misunderstandings that 
can emerge as one family member talks to another, who talks to another. A recent 
study shows that individuals at risk for hereditary ataxia are more interested in 
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preimplantation genetic diagnosis than in prenatal testing. Preimplantation genetic 
diagnosis requires in  vitro fertilization, followed by testing of an individual cell 
from the embryo and implantation of an embryo documented to be free of the tested 
gene mutation, an invasive process and procedure that must be discussed in detail 
and planned prior to pregnancy [26].

Many of the genetic movement disorders have a long, slow course, and a patient’s 
children who were once teenagers may end up providing care and support for their 
affected parent. Those young adults may begin to have questions about their own 
at-risk status and the possibility of predictive or prenatal testing and should be 
encouraged to seek out accurate information.

A pregnant patient requesting emergency predictive or prenatal testing should 
always be referred to a genetic counselor, who can work with the neurologist and 
obstetrician to make appropriate decisions about the patient, the pregnancy, and the 
role of genetic testing. The only “therapy” to offer following a positive gene test 
result is termination of the pregnancy, which may not be acceptable to the patient. 
Current practice in the United States permits pregnant women to request genetic 
testing of a fetus “to prepare” (for instance, for a child with Down syndrome or 
some other childhood-onset condition), and it is difficult to justify permitting testing 
for some genetic conditions but not others, meaning that it is ethically permissible 
to test a pregnant woman even if she does not intend to terminate the pregnancy. 
Outcomes of continued pregnancies following a positive test result, and 
recommendations for those managing these patients have been discussed [27].

 Family Crises Related to a Genetic Diagnosis

The unit of care in genetics is the family, and so genetic medicine, by its very nature, 
has the potential to create or become enmeshed in conflicts between a particular 
individual and others in their family. We have seen challenging situations particularly 
in the Huntington’s disease clinic. In (more than) one case, the family brought the 
patient to the clinic under false pretenses for evaluation and diagnosis of a condition 
the patient was unaware of or did not think they had [28]. Conversely, another at risk 
patient may attribute decades of anxiety and depression to manifest effects of HD, 
even in the absence of motor or cognitive effects [29]. It can be very difficult to 
attend to the needs and desires of both the patient and the family when they are in 
opposition. In the pre-symptomatic patient, there is no medical benefit to be gained 
by testing, no matter how many family members request the test on behalf of the 
patient—the patient’s autonomy should prevail. However, in a symptomatic patient, 
it may be important for medical, legal, and psychosocial reasons to establish a clear 
diagnosis. Treatment of symptoms, however, can often proceed with or without a 
specific genetic diagnosis.

The clinician must also be sensitive to the emotional challenges faced by family 
caregivers related to the patient, such as siblings and children, and to the special 
burden faced by a spouse simultaneously caring for an affected adult and an affected 
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child. We recall a 14-year-old daughter who was called upon by her father to come 
to her mother’s appointment, in case the mother needed assistance with menstrual 
hygiene in a public restroom. When at age 16 the daughter refused to be so involved 
with her mother’s care, urgent nursing home placement became necessary.

Another crisis situation can arise when families are misinformed or have misun-
derstandings about the genetic aspects of their disease. Based on observations 
within their kindred, or misinformation provided decades ago, families may still 
believe that their disease skips generations, affects only males or females, never 
affects the second-born child, or is nongenetic. Correcting these misimpressions is 
important but may cause ripples through the family [30]. Once again, referral to a 
genetic counselor, who may be able to take extra time, schedule family conferences, 
and use visual aids to illustrate various genetic principles, can be very helpful to the 
busy clinician. Disease-specific lay organizations often have printed or online 
materials about the genetic aspects of their disease(s). Finally, the online resource, 
GeneReviews® (www.ncbi.nlm.nih.gov/books/NBK1116/), provides excellent, 
current, and detailed information for the clinician about the genetic and clinical 
aspects and approaches to genetic testing for many neurogenetic conditions [31].

 Conclusion

By understanding the unique aspects of genetic medicine, and making use of genet-
ics specialists such as genetic counselors, the neurologist should avoid most emer-
gencies related to genetic testing for neurogenetic disorders. Most of the crises that 
do arise are of a psychosocial nature, so enlisting the support of social workers, 
nurse case managers, psychologists, or psychiatrists can help the neurologist to 
defuse the crises that do arise.
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Driving in Parkinson’s Disease

Ergun Y. Uc

 Patient Vignettes

 Patient 1

A 58-year-old man with Parkinson’s disease (PD) for 3 years, working full time, has 
an intermittent resting tremor in the left hand with no balance or gait problems. He 
is on ropinirole 5  mg TID.  He is concerned about excessive daytime sleepiness 
during driving. He did well on road testing and had very mild executive dysfunction 
and slight decrease in visual contrast sensitivity. After decreasing his ropinirole 
dose, his sleepiness improved. He continues to drive without problems but avoids 
nighttime driving and congested roads.

 Patient 2

A 78-year-old woman with postural-instability-gait-disorder (PIGD) parkinsonism 
of 8-year duration responded modestly to levodopa. While driving she had several 
near-misses despite restricting her driving to favorable weather and road conditions. 
Mental status evaluation revealed executive, visuospatial, and memory impairment 
consistent with mild-moderate dementia. Her visual contrast sensitivity and useful 
field of view were markedly impaired. In the driving simulator, she showed increased 
swerving and slow reaction to hazards with resultant crashes. Road test was deemed 
unsafe to undertake and she was recommended to cease driving.
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 Patient 3

A 63-year-old woman with PD for 8 years experienced wearing off and excessive 
daytime sleepiness on carbidopa/levodopa 25/100, 1 tablet QID, and pramipexole 
1.5  mg TID.  She had multi-domain mild cognitive impairment with moderate 
decrease in visual contrast sensitivity and useful field of view. She committed more 
safety errors on the road than healthy drivers and completely missed a hazard in a 
foggy environment in the driving simulator with a resultant crash. After gradual 
withdrawal of pramipexole and increase of carbidopa/levodopa, her sleepiness 
resolved and her driving improved. Due to moderate disease severity and presence 
of MCI, annual road tests were recommended. Her disease continued to progress 
with increased mobility and cognitive impairment, and she ceased driving 3 years 
later after a near-miss.

 Introduction

In addition to the characteristic motor dysfunction, PD also impairs cognition, 
vision, and alertness [1–3], resulting in decreased driving safety [4–7]. Drivers with 
PD perform worse on driving simulator [8–13] and road tests [4–6] compared to 
their healthy peers. Their driving problems worsen with multitasking [14–16] or 
under conditions of low visibility [8]. They also may be at increased risk for crashes. 
Although driving simulation studies [6, 8, 10] and retrospective surveys [17, 18] 
have demonstrated increased crash rates in drivers with PD, this has not yet been 
confirmed by community-based, prospective, controlled studies [19]. Drivers with 
PD use more compensation strategies and cease driving earlier than their healthy 
peers, which could partially explain the lack of increased crash rates in PD [19]. 
Periodic multidisciplinary evaluations in close cooperation with the patient, 
caregivers, and state authorities are needed to asses driving fitness and to offer 
alternative transportation methods in appropriate cases [7, 20]. Research on driver 
rehabilitation in PD is in progress, but there are no clear proven methods [21]. The 
role of automation ranging from collision mitigation technologies in newer vehicles 
to fully autonomous vehicles requires further investigation [7].

 The Scope of the Problem

Driving is an important activity of daily living and is essential for mobility and 
independence for many individuals. With increased longevity, the number of elderly 
drivers is rising, which will be accompanied by an increase of drivers with 
neurological diseases of aging such as dementia, stroke, and PD. One of the most 
important concerns in drivers with PD is the potential for increased risk for crashes. 
While there has been some decrease in the number of fatalities in recent years [22], 
motor vehicle crashes are a major public health problem with about 42,000 fatalities 
and a financial cost of ~$231 billion in 2000 [23]. Indeed, driving simulation studies 
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have shown increased crash rates in PD [8, 10], and retrospective surveys have 
suggested increased crashes in drivers with PD [17, 18]. However, increased real- 
life crash risk in drivers with PD has not been confirmed by community-based 
prospective controlled studies or epidemiological research so far [6, 19, 24, 25]. 
Another potential unfavorable driving outcome in drivers with PD is loss of vehicular 
mobility (driving cessation) as shown on cross-sectional, retrospective and 
prospective surveys [6, 17–19, 26–28].

The goal in counseling drivers with PD is to prevent crashes while preserving 
mobility and independence. The methods for assessing driver safety and requirements 
for reporting in potentially impaired persons vary across the world [25] and among 
states within the USA [29]; no clear guidelines have been established for PD [30]. 
Medical diagnosis or a clinician’s assessment alone are not accurate enough to 
determine driving competence in patients with cognitive impairment [31, 32]. While 
a proportion of drivers with PD use compensatory strategies such as reduction of 
driving exposure, avoidance of difficult driving conditions (inclement weather, 
darkness, rush hour, difficult maneuvers) suggesting some insight into their 
limitations [19], both patients [33–35] and their neurologists [33] have been shown 
to overestimate the patient’s driving ability.

 The Framework to Start Driving

Driving performance is determined by factors related to the driver (e.g., age; medi-
cal condition; cognitive, visual, motor, behavioral dysfunction; decreased alertness; 
substance abuse; etc.), environment (e.g., weather, road conditions), vehicle (e.g., 
maintenance, presence of warning or safety devices), presence of distractions, and 
their interactions [36].

Michon proposed a hierarchical model of cognitive control of driving with con-
current activity at three levels: (1) strategic, (2) tactical/maneuvering, and (3) opera-
tional/vehicle control. The decisions to drive during inclement weather or route 
selection (e.g., freeways vs. urban streets) are examples of strategic behavior which 
affect driving performance and safety on a time scale of minutes to days. Adjusting 
speed and car following distance, choice of lane, and decision to overtake according 
to road rules and conditions are examples of tactical behaviors and affect driving on 
a time scale of 5–60  seconds. Maintaining lane position with ongoing steering 
adjustments, keeping a safe distance to the car in front from moment to moment, 
and reacting to hazards represent operational behaviors, which affect driving on the 
time scale of 0.5–5 seconds [2].

At an operational level, driver actions can be analyzed using an information pro-
cessing model (Fig. 31.1): (1) perception and attention to stimulus (e.g., visual and 
auditory inputs) and interpretation of the road situation; (2) planning a reaction to 
the stimulus based on relevant previous experience in similar situations; (3) execu-
tion of selected plan (e.g., by applying the accelerator, brake, or steering controls); 
and (4) monitoring the outcome of the behavior with subsequent self- correction [2]. 
The driver’s response to the stimulus (e.g., a hazard such as an illegal intersection 
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incursion by another vehicle) is either safe (able to stop) or unsafe (e.g., crash) as a 
result of errors at one or more of these stages [2].

 Neural Substrates of Driving

Driving engages the parieto-occipital cortices, cerebellum, and cortical regions 
associated with perception and motor control, as shown by fMRI studies during 
simulation [37] or positron emission tomography (PET) scanning after a road drive 
[38]. Alcohol degrades driving performance and decreases activation in these areas 
[39]. Even a simple auditory-verbal distraction such as listening to sentences 
produces a significant deterioration in vehicle control during straight driving and is 
associated with increased activation in temporal regions at the expense of decreased 
activation of parietal regions. This suggests that language comprehension performed 
concurrently with driving draws mental resources (spatial processing by the parietal 
lobe) away from the primary task and produces deterioration in driving performance 
[40]. During more complex driving tasks, especially when making left-hand turns at 
busy intersections compared to more simple driving tasks, a widely distributed brain 
network was identified. During distracted driving using an auditory task, brain 
activation shifted dramatically from the posterior, visual, and spatial areas to the 
prefrontal cortex, suggesting that activation in the posterior brain important for 
visual attention and alertness was reduced to recruit other brain regions to perform 
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a secondary, cognitive task [41] and to monitor for errors during increased demand 
[42]. EEG studies suggest an impaired resistance to distractor interference and a 
reduced inhibition of prepotent responses in older drivers, most pronounced when 
the processing of task-relevant and task-irrelevant stimuli engages the same mental 
resources [43]. Alcohol amplifies the negative effects of distraction on brain 
activation and driving performance [44, 45].

PD pathology involves many regions in the brain, leading to cognitive, visual, 
and motor impairments that can interfere with driving performance at different 
levels [2, 3]. For example, decreased decision-making ability/executive dysfunction 
due to frontostriatal dysfunction can lead to poor strategic and tactical choices such 
as driving under challenging conditions and making risky maneuvers. Impairments 
in attention, visual perception, memory, executive functions, motor speed, and self- 
monitoring can lead to driver errors at operational levels with unsafe responses to 
sudden hazards [37]. One could expect that negative consequences of distraction 
would be worse in patients with neurodegenerative disease such as PD.

 Driving Research in PD

Due to the complexity of the task of driving and PD, multiple complimentary assess-
ment methods in comparison to a control group need to be studied longitudinally to 
determine the predictors of driving safety and outcomes. Off-road batteries usually 
combine questionnaires on general health, mood and sleep, quality of life, driving 
history, and habits with performance-based measures of cognition, vision, and 
motor function. As real-life crashes are rare events, driving performance in a simu-
lator and a road test in an instrumented vehicle are used as intermediate steps to 
uncover relationships between cognitive, visual, motor impairments, and driving 
outcomes. While most driving experience consists of uneventful long stretches, 
there are interspersed segments with multitasking. Some of the secondary tasks are 
required as part of driving (e.g., following a new route to reach a destination, paying 
attention to landmarks and traffic signs, listening to radio for weather updates), and 
others may be discretionary (e.g., speaking on a cell phone, talking to a passenger, 
eating). The secondary tasks can have a degrading effect on driver safety and perfor-
mance, especially in drivers with cognitive dysfunction.

 Off-Road Evaluation

 Demographics
The patients in reported studies of driving in PD are usually in their mid-60s or 70s 
and predominantly male, with mild-moderate disease severity, living in the 
community (e.g., Uc et al. [5]). The male predominance among drivers in the PD 
group may reflect that men are at higher risk for PD [18] and that women in this age 
group have not traditionally been the main driver in the family, or might have more 
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readily relinquished their driving privileges once they developed PD [15]. Of note, 
gender has not been found to be a predictor of driving performance in PD [46] 
consistent with our results when we adjusted for driving outcomes for gender [4, 5, 
8, 14–16, 19].

Assessments of Cognition, Vision, and Motor Function and Indices of 
Parkinsonism Sleep and Psychiatric Problems
Although individual tests may differ between batteries used by various research 
teams, they attempt to probe different aspects of visual perception, cognition (e.g., 
executive functions, attention, and memory), motor function, mood, and sleep. As 
driving is a primarily visual task, these batteries are rich in visual tests and may 
cover all aspects of visual function from the retinal to the cortical level. Drivers with 
PD in most studies had mild-moderate parkinsonism and performed worse compared 
to controls in most visual and cognitive abilities, albeit usually showing mild deficits 
[4, 5, 19, 34, 47–53].

Effect of Sleep-Related Impairments
Ever since Frucht et al. [54] observed that PD patients taking the dopamine agonist 
ropinirole or pramipexole may experience “sleep attacks” leading to car crashes, 
excessive daytime sleepiness (EDS) or “sleep attacks” have been reported with all 
dopaminergic medications used to treat PD [55]. About 33% (range 16–74%) of 
patients with PD suffer from EDS; the estimates for “sleep attacks” are 1–14%, with 
1–4% experiencing them during driving [56]. EDS increases significantly over time 
and is associated with several clinical variables, including dopaminergic therapy 
whose influence is dose-dependent [57]. The mechanisms of sleepiness and sleep 
attacks in PD might include a complex drug-disease interaction with degeneration 
in sleep centers in the brain, and side effects of dopaminergic medications, particu-
larly direct dopamine agonists [56].

 Sleep attacks remain a significant concern for PD patients treated with 
dopamine agonists.

Several studies using self-report measures such as the Epworth Sleepiness Scale 
(ESS; cutoff score 7–10) found a relationship between EDS and driving performance 
in PD; real sleep attacks without any prior sleepiness were rare [17, 58–62]. In 
particular, use of ergot dopamine agonists (e.g., bromocriptine, cabergoline, and 
pergolide) has been associated with crashes and sleepiness [58], but these are either 
off the market or not in widespread use anymore in the USA. Furthermore, the ESS 
does not correlate well with a more objective measure of sleepiness [55]. Empirical 
studies using experimental performance measures for driving and physiological 
measures of sleep while driving are needed to describe the characteristics of 
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sleep-related driving problems and predictors of poor outcomes due to wakefulness 
disorders in PD [61]. There are active research projects using EEG and other elec-
trophysiological techniques to assess drowsiness during driving [63–70].

Effect of PD Treatment
Road testing in drivers with PD has usually been done when the patients are in the 
“on” state due to ethical (subject protection) and practical (normally subjects would 
not start driving without treatment effect) concerns. Thus, there are no data on 
driving performance comparing “on” and “off” states of PD patients on the road. 
However, this can be potentially tested in the safe environment of a driving simulator. 
No significant correlations of dopaminergic medication dosage (levodopa equivalent 
dose per day (LEDD)) could be found with empirical driving performance [4, 5, 12, 
14–16, 34]. We found that higher LEDD at baseline predicts earlier driving cessation 
[19], probably as a surrogate measure of disease severity. Higher LEDD was also 
found to be associated with a history of major crashes in PD [71]. There are limited 
data comparing the effect of dopaminergic medication class (levodopa vs. direct 
agonists) on driving. Uc et al. (2007) classified PD drivers as being on levodopa, 
dopamine agonist, levodopa and dopamine agonist, or other/no treatment and made 
formal comparisons among these groups. There was no effect of medication group 
status on safety errors or performance on the route following task.

 Standardized Road Tests

The main outcome measures of these road tests were pass/fail (or safe/unsafe) rat-
ings by driving experts as categorical measures, and at-fault error counts (Table 31.1) 
or driver ratings as continuous performance measures. Failure rates up to 62% in 
community testing of drivers with PD have been reported [72]. A systematic review 
of past controlled studies found that 30–56% of PD drivers failed the road test, 
whereas only 0–24% controls failed across studies [21]. A meta- analysis found that 
the odds of on-the-road test failure in drivers with PD was 6.16 times higher than 
controls (95% confidence interval [CI] 3.79–10.03) and that overall driving ratings 
were significantly worse for the PD group [6]. Analyses were done to determine the 
cognitive, visual, and motor predictors of pass/fail ratings or error counts. Below are 
some specific examples.

 Cross-Sectional Studies
Heikkila et  al. showed that PD patients and their neurologists overestimate their 
driving ability [33]. The driving abilities of PD patients were estimated by a neu-
rologist and by a psychologist using tests and an interview, by a driving instructor 
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on the basis of a driving test, and by the patients themselves using a global scale. 
Patients with PD performed worse than controls both on neuropsychological tests 
and road test. The driving instructor found 35% of PD drivers unsafe, while none of 
the patients were rated unsafe by themselves or the neurologist. There was a signifi-
cant correlation between the driving instructors scores and the psychologist’s esti-
mates, but not with the neurologist’s estimates. Drivers with PD committed 
significantly more at-fault errors, especially in urban conditions. Slower informa-
tion processing correlated with more driving errors in the PD group [33].

 Neurologists routinely overestimate PD patients’ ability to drive.
Grace et al. found impaired driving performance in both mild Alzheimer’s dis-

ease and PD vs. controls [73]. While drivers with AD were more impaired on the 
road than PD, drivers with PD experienced more difficulty in maneuvers requiring 
head turning. Driving performance in PD was related to disease stage; impairments 
in visuospatial abilities, executive functions, and memory; and axial rigidity and 
postural instability, but not to the UPDRS motor total score [73]. Wood et al. found 
higher fail rates in PD compared to controls [34]. Drivers with PD also made 
significantly more errors than the control group during maneuvers that involved 
changing lanes and lane keeping, monitoring their blind spot, reversing, car parking, 
and traffic light-controlled intersections [34]. The driving instructor had to intervene 
to avoid an incident significantly more often for drivers with PD than for controls 
[34]. Impairments in dexterity, contrast sensitivity, and executive functions predicted 
failure on the road test within the PD group in the study [51].

Devos et al. (2007) rated ~1/4 of their PD driver sample as unfit to drive, which 
was predicted accurately using a model with the following variables: disease 
duration, contrast sensitivity, Clinical Dementia Rating, and motor part of the 
Unified PD Rating Scale [35]. This model was validated in a second cohort [74]. 

Table 31.1 Driving safety errors in PD
General classification
Total errors
Serious/critical errors
Errors during multitasking
Location
Stop signs
Traffic signals
Roundabouts
Maneuver
Turns
Lane changing
Merging
Parking
Vehicle control
Lane observance
Speed control
Blind spot errors

Classification, locations, maneuvers observed to be worse than controls
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Adding driving simulator performance to the model increased the accuracy further 
[35]. In these cohorts, 65% of PD drivers passed and 35% failed the on-road driving 
evaluation [49]. The failing group performed worse on all on-road items and on all 
motor, visual, and cognitive tests compared to the passing group. When adjusted for 
age and gender, poor performance on lateral positioning at low speed, speed 
adaptations at high speed, and left turning maneuvers were the key road skills that 
determined the pass/fail decision. Measures of visual scanning, motor severity, PD 
subtype, visual acuity, executive functions, and divided attention were independent 
predictors of pass/fail decisions [49]. Classen et  al. found that ~40% of PD and 
~20% of controls failed a road test, predicted by the Useful Field of View (UFOV) 
test, and developed cutoff points for UFOV [75, 76]. While objective tests and 
scales are important to understand and predict driving performance in PD, 
information provided by caregivers is invaluable as the caregiver impressions 
explained 56% of variability in road test scores, whereas PD scales and motor tests 
only explained 30% of the variability [77].

 Longitudinal Studies
Uc et al. tested drivers with PD and healthy controls in a longitudinal cohort study: 
participants drove a standardized route in an instrumented vehicle and were invited 
to return 2 years later [4, 5]. A professional driving expert reviewed drive data and 
videos to score safety errors. At baseline, drivers with PD performed worse on 
visual, cognitive, and motor tests and committed more road safety errors compared 
to controls. Interestingly ~1/4 of the PD group drove as good as controls at baseline 
[5]. Lane violations were the most common error category, and group differences in 
some error categories became insignificant after results were adjusted for 
demographics and familiarity with the local driving environment. Within the PD 
group, older age and worse performance on tests of visual acuity, contrast sensitivity, 
attention, visuospatial abilities, visual memory, and general cognition predicted 
error counts. Measures of visual processing speed and attention (UFOV test) and far 
visual acuity were jointly predictive of error counts in a multivariate model [5]. An 
alternative model using CFT-COPY (another strong univariate predictor) resulted in 
slightly smaller but still significant R-squared value. The advantage of CFT-COPY 
is that it is a paper-pencil test, which is in public domain and is quick to administer [5].

A smaller proportion of drivers with PD compared to controls in the Uc et al. 
study [5] returned for repeat testing (42.8% vs. 62.7%; p < 0.01) as seen in Fig. 31.2 
[4]. At baseline, returnees with PD had made fewer errors than non-returnees with 
PD and performed similar to control returnees [4]. Baseline global cognitive 
performance of returnees with PD was better than that of non-returnees with PD but 
worse than for control returnees. Despite dropout of the more impaired drivers 
within the PD cohort, returning drivers with PD, who drove like controls without 
PD at baseline, showed greater cognitive decline and many more driving safety 
errors than controls after 2 years (~40% vs. 10%; p < 0.001) [4]. Driving error count 
increase in the returnees with PD was predicted by greater error count and worse 
visual acuity at baseline, and by greater interval worsening of global cognition, 
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Unified PD Rating Scale activities of daily living score, executive functions, visual 
processing speed, and attention [4]. The returning PD drivers were probably at a 
compensated state in terms of driving safety at baseline despite their poorer 
cognition at the time, but their driving also decompensated over 2 years ago. This 
study clearly shows that even the “cream of the crop” drivers can deteriorate over 
relatively a short time and justifies periodic monitoring of driving abilities (e.g., 
once a year).

 Effects of Multitasking on Driving in PD
Uc et al. compared multitasking abilities of drivers with PD and controls by admin-
istering tasks on navigation (route following) [16], visual search [14], and mental 
arithmetic (to simulate auditory-verbal distraction) [15]. Drivers with PD took lon-
ger to finish the route-following task [16]. Higher proportions of PD drivers made 
incorrect turns, got lost, or committed at-fault safety errors [16]. Within the PD 
group, the navigational and safety errors were predicted by poor performance on 
cognitive and visual tests, but not by the severity of motor dysfunction [16]. During 
the same drive, drivers were asked to report sightings of specific landmarks and traf-
fic signs along a four-lane commercial strip to assess the ability for visual search 
and recognition of roadside targets [14]. The drivers with PD identified significantly 
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group performed worse compared to controls. The baseline counts of PD returnees (PD-R) were 
lower (better) than PD non-returnees (PD-NR), and similar to control returnees (control-R). There 
were no significant differences between control-returnees and control non-returnees (control-NR). 
Two years later, PD-R have much higher error counts than control-R. The increase in error counts 
in PD-R (median  =  13.5) was highly significant, whereas the control-R had only a minor 
nonsignificant increase in error counts (median  =  3.0). NS, nonsignificant. (Reprinted with 
permission from Uc et al. [4])
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fewer landmarks and traffic signs, and they committed more at-fault safety errors 
during the task than control subjects, even after adjusting for baseline errors. Within 
the PD group, the most important predictors of landmark and traffic sign identification 
rate were performance on visual speed of processing and attention and visuospatial 
abilities. Trail Making Test (B-A), a measure of cognitive flexibility independent of 
motor function, was the only independent predictor of at-fault safety errors in 
drivers with PD [14]. In another experiment in this cohort of PD patients and 
controls, the effects of auditory-verbal distraction on driving performance in PD 
were assessed using the Paced Auditory Serial Addition Task (PASAT) [15]. Despite 
driving slower, drivers with PD were more affected by the distracter task with 
increased safety errors. Decreased performance on tests of cognitive flexibility, 
verbal memory, postural control, and increased daytime sleepiness predicted 
worsening of driving performance due to distraction within the PD group [15].

 Driving Simulation

Although actual road testing provides richer and more balanced visual, tactile, 
vibratory, and vestibular cues to the driver for the control of the vehicle [2], the road 
conditions vary between subjects, and some maneuvers may be unsafe to test. On 
the other hand, driving simulators replicate the experimental conditions for each 
subject and enable administration of challenging tasks in a safe environment with 
complete experimental control [78]. Driving simulators may vary widely in their 
technical characteristics (e.g., motion base vs. fixed base, interactivity, resolution, 
and field of view). Validation of individual simulators and driving scenarios is 
needed to derive meaningful conclusions from their administration. Another 
important concern about simulators is “simulator sickness” (similar to motion 
sickness), also known as simulator adaptation syndrome, in a proportion of drivers 
due to visual vestibular mismatch, which can reduce performance or preclude 
simulation altogether [79]. Most studies in the following section were performed on 
medium-high fidelity simulators with a fixed motion base.

Drivers with PD are able to tolerate simulated driving similarly to elderly healthy 
drivers [8]. Simulator studies in drivers with PD showed impaired steering accuracy, 
slower driving reaction times, and missing red lights [80, 81]; impaired lane keeping 
and increased crashes [8, 10], especially rear-end collisions [80]; and crashes at 
intersections under low visibility conditions [8]. In these studies, PD driver 
performance was associated with cognitive and visual dysfunction as well as 
severity of parkinsonism, especially for reaction times in tasks where speed of 
response was critical (e.g., reaction to sudden hazard such as an illegal intersection 
incursion by another vehicle) [8]. While increased incidence of crashes could not be 
shown in prospective cohort studies (possibly due to attrition of at-risk drivers or 
methodological issues such as small sample sizes or short follow-up) [6, 19], a 
meta-analysis found the odds of crashes 2.63 (95% CI 1.64–4.22) times higher for 
people with PD compared to controls in driving simulator experiments [6], showing 
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the value of simulator studies for outcomes that cannot be safely or feasibly tested 
in real-life road tests or prospective epidemiological studies.

Drivers with PD have difficulty generating internal cues from memory and rely 
on external cues such as warnings and signs for better driving performance due to 
attentional and executive dysfunction, akin to usefulness of visual cues to overcome 
freezing. Concurrent, distracting auditory-verbal or motor tasks take a larger toll on 
vehicle control and reaction to hazards in drivers with PD compared to controls, 
although they tend to drive slower and perform worse on the secondary tasks. The 
impact of these secondary tasks on drivers with PD is associated with increased 
severity of their executive and attentional dysfunction.

Increased levels of cognitive demands may affect drivers with PD worse as also 
shown in the road tests [14–16]. In a sign recall task in a simulator, the performance 
of PD drivers was initially similar to controls when the instructions were direct but 
dropped below controls when drivers were required to apply the instructions from 
working memory [82]. Mental flexibility and the updating of information in working 
memory are key executive functions that can affect driving. Using neuropsychological 
tests to evaluate updating (via the n-back task), flexibility (via the plus-minus task), 
and information processing speed (via the Stroop test), their equivalent tasks in a 
driving simulator (recalling road signs for the updating task, indicating the shape or 
color of road signs according to roadside for the flexibility task, braking at the same 
time as the car ahead for the information processing speed task), updating deficits 
both on neuropsychological testing and driving were found in PD compared to 
controls. There were no significant differences between groups in tasks measuring 
flexibility or information processing speed. Trail Making Test (B-A) was strongly 
predictive of PD drivers’ simulator task updating score [13]. A 2-year cohort study 
in PD and control drivers using both neuropsychological and driving simulator tasks 
revealed a significant decline in executive functions in PD compared to controls, 
especially in shift cost, associated with modifications in their driving habits over 
time [47].

Psychological factors such as emotion recognition and impulse control can also 
be significant contributors to driving safety: compared to controls, drivers with 
neurodegenerative diseases such as Alzheimer’s disease, frontotemporal dementia, 
dementia with Lewy bodies, and Huntington’s disease showed significantly worse 
emotion recognition, particularly of anger, disgust, fear, and sadness [83]. Patients 
took significantly more risks in the driving simulator rides, which was associated 
with poor recognition of fear [83]. In addition to severity of parkinsonism and 
cognitive impairment, presence and severity of impulse control disorders as 
measured by QUIP (Questionnaire for Impulsive-Compulsive Disorders in PD) was 
also predictive of crashes in patients with PD [71].

 Real-Life Driving Outcomes

Real-life driving outcomes can be studied using retrospective or prospective self- 
report questionnaires and state records. Naturalistic driving studies where the 
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driver’s car is outfitted with special sensors and cameras for long-term observation 
can add an objective component to these observations; however, their use is limited 
by feasibility and funding concerns.

 Driving History and Habits
Questionnaires (e.g., Driving Habits Questionnaire [19]) are used to collect self- 
report information on driving exposure (e.g., miles/week, days/week), driving his-
tory (crashes and citations), perceptions and judgments on own impairments and 
driving ability, and use of compensatory strategies (e.g., no driving at night, in 
snow). The driving history can be verified by using state records. Caregiver 
perspective can also give valuable insights on driving ability and deficiency 
awareness of the patient [77].

There are no well-established epidemiologic data on crash risk in PD. However, 
a retrospective, cross-sectional questionnaire study from a movement disorders 
center found that 20% of PD patients had stopped driving [18]. The frequency of 
crashes in subjects with more severe PD (Hoehn and Yahr stage III and higher) was 
fivefold higher than controls, whereas patients with mild PD (HY I) reported almost 
twice as many crashes as the controls. An MMSE score of 23 or less was associated 
with a threefold increased crash rate [18].

A large mail and phone survey from Germany [17] revealed that ~80% of the PD 
patients held a driving license and ~60% of them were still actively driving. Of the 
patients holding a driving license, 15% had been involved in and 11% had caused at 
least one accident during the past 5 years. The risk of crashes significantly increased 
for patients who felt moderately impaired by PD, had an increased ESS score, and 
had reported “sleep attacks” while driving. Female gender, more severe parkinsonism 
and sleepiness, higher age, and longer disease duration were associated with driving 
cessation [17]. In a cross-sectional study among PD patients, Cubo et al. [26] found 
that, compared to current drivers, the ex-drivers were significantly older, had longer 
disease duration, had more overall cognitive dysfunction, and had greater motor 
impairment, as measured by the Clinical Impression of Severity Index, HY stage, 
and the SCOPA (Scales for Outcomes in Parkinson’s disease) motor scale and 
difficulty in activities of daily life. Aging and ADL impairment were the principal 
clinical predictors that differentiated drivers from ex-drivers [26].

Review of the records of drivers with PD referred to the Scottish Driving 
Assessment Service over a 15-year period revealed that 66% were able to continue 
driving with about half receiving recommendations for vehicle modifications [28]. 
Ability to drive was predicted by the severity of parkinsonism, reaction time, 
presence of significant comorbidities, and poor score on road testing [28]. Our 
longitudinal prospective cohort study of 106 drivers with PD and 130 elderly control 
drivers [19] showed that 40.6% of PD drivers ceased driving compared to 16.9% of 
control drivers with an estimated HR (95% CI) of 7.09 (3.66, 13.75) for PD, adjusted 
for age, gender, education, and driving exposure at baseline. This is consistent with 
prior retrospective reports, where PD was found to be a major factor in driving 
cessation, but not a significant factor in crashes [27, 84]. The Kaplan-Meier plot 
(Fig. 31.3) shows the probability of still driving (or inversely, the risk of driving 
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cessation) at any particular time point during the follow-up and allows visual 
comparison between groups for between-group comparisons over time [19]. For 
example, the cumulative incidence (95% CI) of driving cessation at 2 years after 
baseline was 17.6% (11.5%, 26.5%) for PD and 3.1% (1.2%, 8.1%) for controls 
[19]. Significant individual risk factors for driving cessation within PD included 
older age, decreased driving exposure, poorer ratings of driving ability by self and 
others, higher number of road errors and past crashes, increased use of compensation 
strategies, poorer performances in most measures of vision, and higher severity of 
parkinsonism. A multivariate analysis of risk factors in PD showed a preference to 
be driven by others, higher UFOV total score, higher UPDRS-ADL score, and 
higher daily levodopa equivalent as the most important risk factors for driving 
cessation [84]. Among driving simulator measures at baseline, crash occurrence 
was not predictive of driving cessation, but high standard deviation of lane position 
predicted future driving cessation [85]. There was no statistically significant 
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difference between groups on crashes; however the study had limited power to 
detect differences in crashes due to the small number of crashes that occurred. Of 
note, our results in PD are similar to observations in Alzheimer’s disease (AD) by 
other researchers where driving cessation was the main outcome without showing 
increased crashes [32]. The likely reasons for these findings may include attrition of 
potentially unsafe drivers with AD or PD before a potential crash or restricted 
driving and strategic compensation [19]. Our results were consistent with a recent 
meta-analysis: self-reported real-life crash involvement did not differ between 
people with PD and healthy controls (odds ratio  =  0.84, 95% CI 0.57–1.23, 
p = 0.38) [6].

In a naturalistic driving study, electronic devices were installed in the vehicles of 
drivers with PD and controls for 2 weeks, and driving data were matched with aerial 
maps, weather and daylight archives, and trip logs to examine driving context [86]. 
Compared to controls, the PD group drove significantly less overall (number of 
trips, distance, duration), and proportionately less at night and on days with bad 
weather suggesting more restricted driving practices [86], congruent with lower 
ratings of driving comfort and abilities as in self-reports [19]. However, they drove 
significantly faster (and over the speed limit) on highways and freeways, and 19% 
reported driving problems over the 2  weeks [86], suggesting that they may not 
necessarily drive more cautiously or safely at operational or tactical levels despite 
taking compensatory measures at strategic levels.

 Driver Rehabilitation

Driving rehabilitation strategies include training underlying abilities (e.g., motor 
function, information processing speed, or executive functions) or focusing on 
driving skills [21]. The literature on driving rehabilitation in PD is limited. Driving 
simulator training exposes drivers to different driving situations in dynamic and 
realistic conditions, aiming to improve the impaired driving skills, or lead to 
strategies that compensate for impaired driving skills [7]. Simulator training 
programs use driving scenarios that can be tailored to the needs of the drivers and 
increase in difficulty to continue challenging the drivers throughout the training 
sessions. Immediate feedback can be provided through video replay functions so 
that the drivers can actively participate in identifying their challenges and provide 
solutions to overcome these challenges [7]. A potential issue of simulator training is 
the simulator adaptation syndrome (SAS, similar to motion sickness) due to 
mismatch between the simulator’s visual cues of movement and the subject’s 
kinesthetic and vestibular cues of being stationary [7]. As an example from 
neurology, an intense simulator training program led to significant improvements 
within the simulator and was associated with passing an official driving assessment 
in stroke survivors [87]. However, there was no difference in driving cessation in 
these stroke patients between the simulator training and control groups at 5 years [87].

There are several preliminary studies on simulator training in PD.  In the first 
pilot study by our group [88], drivers with PD completed training sessions in a 
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driving simulator that mimicked multiple intersections of varying visibility and 
traffic load where an incurring vehicle posed a crash risk. After training, participants 
had fewer crashes and responded faster to the incurring vehicle. However, it is not 
clear whether these improvements are the result of an actual training effect or rather 
familiarity with the simulated environment and scenarios. In a follow-up study, four 
drivers with PD who performed poorly on an on-road driving test completed sessions 
using the same scenarios reported before [88] as well as various scenarios on 
decision-making, hazard perception, and response behavior [89]. All participants 
improved their performance on the simulator tasks after training. In addition, the 
majority of participants completed the on-road driving test with fewer errors [89]. 
In another pilot study, drivers with PD completed 10 hours of simulator training, 
individually customized according to their pre-training performance on specific 
on-road driving skills [90]. After training, participants performed better on tests of 
cognition and visual scanning, as well on a driving test, including passing the road 
test after having failed before the simulator training [90].

With population aging, the advances in autonomous vehicle technology using 
Adaptive Driver Assistance Systems (ADAS) offers promise for maintaining or 
improving safe transportation, mobility, and quality of life [7]. The effect of low- 
level ADAS on intersection behavior, speed, and headway control in a pilot study 
showed that elderly healthy drivers gained more confidence using ADAS after 
several training sessions [91]. In speed and headway control experiments, automated 
warnings improved adherence to speed limit and safe following of the lead vehicle 
in both PD and control groups. However, removing ADAS after short-term exposure 
led to deterioration of performance in all speed measures in the PD group [92]. 
More research is needed on the effect of ADAS in maintaining safe vehicular 
independence in the elderly and in patients with PD [7].

 Policy Issues

There are currently no uniform legal criteria to guide individuals with PD and 
healthcare professionals on fitness to drive [7]. A consensus statement by an expert 
panel involving the National Highway Traffic Safety Administration and the 
American Occupational Therapy Association provided general recommendations 
on fitness-to-drive decision-making according to PD disease severity [93] using a 
similar decision process as advocated in an evidence-based review on driving in PD 
[20]. As in Fig. 31.4 [20], individuals with low severity of parkinsonism and minimal 
non-motor/cognitive risk factors are usually deemed fit to drive [93]. A comprehensive 
baseline driving evaluation is recommended to establish baseline fitness to drive 
with annual follow-up driving evaluations. Cessation of driving is recommended for 
patients with advanced parkinsonism and multiple risk factors. This advice should 
be conveyed to the driver, and reporting to the driving license agencies should be 
considered according to the local jurisdiction. Continued consultation on 
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Disease severity

Mild Severe
Evaluate for risk factors

Level B evidence

Level C evidence

On-road risk factors
UFOV

Contrast sensitivity
ROCT

Trails B/trails B-A
UPDRS “off” motor scores

Functional reach

Simulator risk factors

None

MMSE

Contrast sensitivity

UPDRS-ADL scores

Trails A
CDR

HVLT

JOLO

Wechsler intelligence test

BVRT
AVLT

Finger tapping

Rapid paced walk test

Timed get up and go test

Pegboard test

Other Age, medications & co-morbid
conditions

ADL’s (UPDRS & Schwab-England),
Trails A/B, UFOV, CFT, JOLO,

SDMT, finger tapping & reaction time

Risk factors

Disease
severity

None

Mild Mild MildMildSevere Severe Severe Severe

Few Several Multiple

Relatively
low risk

Relatively
high risk

• Consider DMV referral or professional driving
evaluation
• Begin planning for driving cessation
• Consider alternative transportation options

• Consider forfeiting license
• Mandatory reporting
• Start travel training

Fig. 31.4 Approach to driving fitness in PD and levels of evidence for various assessment tools. 
The lower part of the figure shows the interaction of PD motor severity with presence of visual and 
cognitive risk factors. For example, a patient with mild motor severity would be at increased risk 
for unsafe driving if he/she has multiple visual and cognitive risk factors. AVLT, Auditory Verbal 
Learning Test; BVRT, Benton Visual Retention Task; CDR, Clinical Dementia Rating Scale; 
ROCT, Rey-Osterrieth Complex Figure Test; HVLT, Hopkins Verbal Learning Test; JOLO, 
Judgment of Line Orientation; SDMT, Symbol Digit Modalities Test; UFOV, Useful Field of View. 
(Reprinted with permission from Crizzle et al. [20])
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transportation alternatives should be provided to patient and caregiver. For drivers 
with moderate parkinsonism and some non-motor risk factors, the recommendations 
are less certain, and research is in progress. Each patient should undergo a 
multidisciplinary evaluation due to the highly individualized nature of the disease 
and variable progression using a comprehensive battery testing motor function, 
cognition, and vision and incorporating other non-motor aspects such as sleep, 
mood, and autonomic dysfunction. Additional information can be obtained from 
recent driving record and insights provided by the patient and family into driving 
safety concerns or changes in driver habits (e.g., compensation strategies to 
lower risk).

Reporting requirements for medically impaired drivers are not uniform across 
the USA and across the world. Healthcare providers should familiarize themselves 
with local rules and regulations on reporting of medically impaired drivers. The 
American Academy of Neurology (AAN) “supports optional reporting of individuals 
with medical conditions that may impact one’s ability to drive safety, especially in 
cases where public safety has already been compromised, or it is clear that the 
person no longer has the skills needed to drive safely,” and advocates immunity for 
physicians “both for reporting and not reporting a patient’s condition when such 
action is taken in good faith, when the patient is reasonably informed of his or her 
driving risks, and when such actions are documented by the physician in good faith” 
[68, 94].

 Conclusion

Driving is impaired in the majority of patients with PD and progressively worsens 
resulting in early driving cessation and potentially increased risk of crashes. While 
general guidelines on fitness to drive have been proposed, each patient should be 
evaluated individually with periodic follow-up [7]. Research on rehabilitation of 
driving skills in PD and automation of driving to maintain vehicular mobility is in 
progress [7].
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Suicide Risk in Parkinson’s Disease
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 Patient Vignette

A 48-year-old man was evaluated in a movement disorders center for consideration 
of deep brain stimulation for advanced Parkinson’s disease (PD). He developed 
symptoms of PD at the age of 39 and had received treatment with levodopa and 
dopamine agonists for 8 years. His current problems included marked motor fluc-
tuations requiring him to take levodopa every 2 hours and moderately severe peak- 
dose dyskinesias. Neuropsychological testing revealed no cognitive impairment. As 
part of his preoperative evaluation, psychiatric evaluation revealed an underlying 
mild to moderate depression and mild anxiety. Social support was limited, as he 
lived alone with one sibling located in the area. He was currently retired on medical 
disability.

He underwent successful implantation of bilateral subthalamic deep brain stimu-
lators without incident. Postoperative course was uneventful, and there was substan-
tial improvement in his motor performance, with reduction in his levodopa by 60%. 
Despite this improvement, his depression worsened postoperatively, and close eval-
uation by his psychiatrist revealed mild suicidal ideation, with some thoughts of a 
plan. He was admitted to the psychiatry service, and a course of antidepressants was 
begun. Psychotherapy and supportive counselling were also engaged. His depres-
sion improved, and he was ultimately discharged home. One year later, his depres-
sion remains well controlled.
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 Introduction

Parkinson’s disease (PD) is characterized by a range of disease- or medication- 
related neuropsychiatric symptoms including depression, apathy, psychosis, anxi-
ety, and cognitive and behavioral changes. Recent studies suggest the rates of 
completed suicides in PD to be greater than the general population [1]. Suicidal 
ideation appears to be common in PD. Suicide is a major but possibly preventable 
public health issue identified by the World Health Organization as one of the top ten 
causes of death. Suicide is multifactorial and is associated in the general population 
with depression, gender, age, marital status, comorbid physical illness, and previous 
suicide attempts [2]. In this chapter, the studies on suicidal behaviors in PD are 
reviewed and categorized into suicidal ideation and completed suicides.

 Suicidal Ideation

Suicidal ideation is common in PD, reported across multiple studies between 12% 
and 30% of PD patients [3–7]. Suicidal ideation is most commonly associated with 
depression, reported in almost all studies. Other mental health symptoms such as 
psychosis, anxiety, impulse control disorders, and hopelessness have also been 
reported to be elevated [4]. Demographic factors such as lower age and PD-related 
factors such as lower age of PD onset, greater motor complications, more non- 
motor symptoms, and greater perceived disability are also associated with suicidal 
ideation [4, 5]. Suicidal ideation was increased in early-onset PD (N = 577) relative 
to late-onset PD (N = 2973) (22% vs. 13%) with ideation associated with depres-
sion, dyskinesias, nonsmoking, lower education, and higher non-motor symp-
toms [8].

 Completed Suicides

An early study suggested completed suicides may be lower than the general popula-
tion although multiple more recent studies have challenged this observation. Using 
the US National Centre of Health Statistics mortality database from 144,364 patients 
with PD, 122 (0.08%) had committed suicide, a rate 10 times lower than that of the 
general population (0.8%) [9]. The PD patients with completed suicides had higher 
rates of depression compared to PD patients who died from other causes, again 
emphasizing the role of depression. In a smaller study using the Ontario provincial 
coroner’s records with prescription records as a marker of illness from 1354 elderly 
patients who had died by suicide, suicide was not more or less likely to occur with 
PD (odds ratio on multivariate analysis: 1.11) as compared to other medical disor-
ders such as congestive heart failure, chronic lung disease, and seizures (odds ratio: 
1.30–2.41) and psychiatric disorders (odds ratio: 2.60–3.94) [10]. Similarly, in a 
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large Finnish database study of 555 hospital-treated patients above the age of 50 
who had completed suicide, only 1.6% of all subjects were PD patients [11]. 
Previous suicide attempts in PD patients were common, occurring in 44% of cases 
as compared to other patients in 9.9%. Other associated characteristics included 
being male, recent diagnosis, living in a rural area and multiple somatic illnesses. 
However, multiple subsequent studies across differing countries show elevated rates 
with the standardized mortality ratio in PD in South Korea at 1.99 [12]; in Serbia [4] 
and the United Kingdom [13], the rate is five times higher than expected rates, and 
in the Netherlands an odds ratio of PD in those committing suicide via poisoning 
was 2.9 [14]. In a nationwide retrospective Danish cohort study from 1980 to 2016, 
the adjusted incidence rate ratio was elevated at 2.4 [15]. In a population-based 
cohort study using Taiwan’s National Health Insurance and Taiwan Death Registry, 
the risk of suicide was elevated in PD (N = 35,891) (hazards ratio 2.1) relative to 
controls (N  =  143,557) [16]. Suicides in PD were associated with younger age, 
urban dwelling, higher psychiatric rates, and often use of high lethality methods 
(jumping). The differences in rates may be related to cross-cultural differences in 
suicidal behavior, although multiple large-scale studies across multiple countries 
suggest elevated completed suicide rates relative to the general population. Taken 
together, suicidal ideation in PD is common, and completed suicides appear to be 
higher than the general population, although influenced by country.

 Deep Brain Stimulation and Suicidal Outcomes

STN DBS appears to be associated with higher suicide outcomes in retrospective 
case-control studies but not in prospective randomized controlled trials. In a large 
international multicenter study reported in 2008 involving 55 centers, completed 
suicides occurred in 0.45% (24/5311) and attempted suicides in 0.9% (48/5311) 
[17]. Suicides occurring in the first postoperative year (0.26%) (263/100,000/year) 
were higher than the World Health Organization Standardized Mortality Ratio for 
suicide, age- and gender-matched (SMR: 12.63–15.64; P < 0.001), and remained 
elevated to the fourth postoperative year (0.04%) (38/100,000/year) (SMR: 
1.81–2.31; P < 0.05) (Fig. 32.1). The excess number of deaths was 13 for the first 
postoperative year. Seventy-five percent of events occurred within the first 17 post-
operative months. Postoperative mortality in the first year following STN DBS from 
other causes (e.g., hemorrhage, infection) has been reported at 0.41%. Thus, post-
operative suicidal outcomes represent the highest risk for mortality following 
STN DBS.

A large single-center study of STN DBS patients, reported 10 years later in 2018, 
reported completed (0.75%, 4/543) and attempted (4.11%, 22/543) suicide rates 
[18]. The authors emphasize that the rate in the first (1/543), second, and third years 
were higher than the expected standardized mortality ratio. Those with ideation or 
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attempting suicide after STN DBS showed greater psychotic symptoms, family psy-
chiatric history, psychiatric medication use, and higher frontal and depression scores.

In contrast, a randomized DBS and medical control trial, Phase 1 with DBS 
(N = 121) versus 6 months of best medical therapy (N = 134) reported no suicidal 
behaviors with similar rates of new-onset suicidal ideation (1.9% and 0.9%) [19]. 
The Phase 2 trial randomized to STN (N = 147) or GPi (N = 152) showed similar 
rates of suicidal ideation (1.5% and 0.7%). In an open-label STN DBS randomized 
medication-controlled trial with early motor complications, over the 2-year period, 
2/124 STN DBS and 1/127 died by suicide [20]. In subsequent meta-analyses of 
STN DBS patients involving four cross-sectional, four cohort, and two randomized 
controlled trials and two case-control trial studies, STN DBS had a higher odds ratio 
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Fig. 32.1 Comparison of the suicide rate per postoperative year following subthalamic stimula-
tion for advanced Parkinson’s disease with the baseline suicide rate (printed with permission from 
Brain). *P < 0.001, weighted SMR = 12.64–15.64; †P < 0.001, weighted SMR = 5.13–6.91; ‡P > 
0.05, weighted SMR = 0.91–1.16; §P < 0.05, weighted SMR = 1.81–2.31. The observed postopera-
tive STN DBS suicide rates per 100,000/year (solid line) and the lowest (gray dotted line) and 
highest (black dotted line) age-, gender-, and country-adjusted WHO expected suicide rates per 
100,000/year are reported. (Reprinted from Voon et  al. [17], with permission from Oxford 
University Press)
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but was not significantly higher relative to PD controls (OR = 2.84, P = 0.18) [21]. 
However, suicidal ideation and/or behaviors were significantly higher than the gen-
eral population (lnSMR = 3.83, P  < 0.001). Another meta-analysis including 18 
studies showed the pooled rate of suicidal ideation was 4%, suicidal attempts 1%, 
and suicides 1% [22]. These conflicting results between retrospective clinical 
cohorts and prospective randomized trials are likely related to differences in com-
parator groups (medically treated PD versus general population), sample size, and 
duration of follow-up. Clinical trials will also more frequently follow up, inquire, 
and treat neuropsychiatric symptomatology with more careful follow-up relative to 
general clinical populations. Given the rare nature of suicides, smaller studies 
should be cautiously interpreted and may be influenced by reporting bias. The rate 
of suicide attempts in this PD clinical cohort may also be underreported or represent 
a greater proportion of successful attempts. The rates of completed suicides may 
also change over time given increased awareness of the issue and changes in preop-
erative and postoperative practices.

The rate of suicide is commonly elevated following any life-altering surgery. For 
instance, the suicide rate following epilepsy surgery is 1% or 31 times higher than 
the general population [23]. The baseline rate of suicide in epilepsy is eight times 
higher than the general population [24]. The study of associated behaviors allows us 
to address potentially modifiable risk factors. In a study of 200 STN DBS PD 
patients, 1/200 (1%) had completed and 4/200 (2%) had attempted suicides [25]. 
Suicidal behaviors were associated with postoperative depression and impaired 
impulse regulation in this study. Similarly, the multicenter study compared 27 
attempted suicides and 9 completed suicides with 70 STN DBS controls selected 
from the patients who underwent surgery immediately prior to and immediately fol-
lowing the identified case at the same center [17]. Postoperative depression (P < 
0.001), being single (P = 0.007), and a history of impulse control disorders or com-
pulsive medication use (P = 0.005) were independent associated factors accounting 
for 51% of the variance of attempted suicide risk. Other associated factors included 
being younger, younger PD onset, and previous suicide attempt (P < 0.05). A trend 
was observed associated with greater changes in dopaminergic medications (P = 
0.05). Overall, postoperative depression was the primary factor associated with both 
attempted and completed suicides after stringent correction for multiple compari-
sons. See Table 32.1 for a summary of factors associated with STN DBS for PD.

Postoperative depression following STN DBS has been associated with signifi-
cant decreases in dopaminergic medications [26], a prior history of depression [27], 
and significant psychosocial postoperative changes [28] and has also been linked to 
serotonergic modulation in an animal model [29]. Possible effects of STN stimula-
tion, dopaminergic medications, and the interaction between the two may also play 
a role in impulsivity.
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 Conclusion

Suicidal ideation is common in PD. Although completed suicides were once sug-
gested to occur much less frequently than expected, large-scale studies across mul-
tiple countries suggests an elevated risk relative to the general population. 
Country-specific or cultural factors may play a modifying role. Suicidal behaviors 
in PD demonstrate a clear and consistent association with depression, thus high-
lighting the necessity to screen for and treat depressive symptoms along with 
actively screening for suicidal ideation in depressed patients. Other potential associ-
ated factors for suicide attempts include psychosis, impulse control disorders, 
younger age, and anxiety disorders. The early postoperative state following STN 
DBS poses an increased risk of suicide relative to the general population although 
whether this is elevated relative to matched medicated controls is less clear. Since 
suicidal behaviors are preventable and modifiable, careful assessment and education 
is indicated.

 Suicidal behaviors correlate with depression in PD patients, and the early 
post-operative period following bilateral STN DBS is a period of increased risk.

Table 32.1 Summary of factors associated with attempted suicides following STN DBS for 
Parkinson’s disease

Probably associated
(P < 0.01)

Possibly 
associated
(P < 0.05)

Not associated
(P > 0.05) Unknown

Preoperative 
individual 
factors

Hx of impulse 
control disorders or 
compulsive 
medication use

Previous 
attempt
Younger age
Younger 
Parkinson’s 
disease onset

Gender
Preoperative 
cognitive status

Family history of 
suicide

Postoperative 
state

Postoperative 
depressiona

Postoperative apathy

Motor efficacy
Stimulation 
parameters
Postoperative 
cognitive 
changes

Interaction of 
stimulation with 
impulse control

Medication Percent LEDD 
decrease**

Dopaminergic 
withdrawal state

Psychosocial 
factors

Single Country- 
specific suicide 
rates

Expectations 
identity changes
Relationship 
changes
Supports other 
stressors

aPostoperative depression remains significant following Bonferroni correction. Reprinted from 
Voon et al. [17], with permission from Oxford University Press
**P = 0.05
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Preoperative assessment should include a psychosocial assessment focusing on 
potential risk factors for suicide attempts, including being single and a previous his-
tory of impulse control disorders. Other possible factors include being younger, 
younger age of PD onset, and a history of previous attempts. Patients at higher risk 
should be counselled preoperatively along with family involvement and active post-
operative follow-up. Preoperative psychoeducation should warn of the rare but pos-
sible risks with the goal of highlighting that these postoperative neuropsychiatric 
symptoms are treatable if recognized and adequately followed. Preoperative psy-
chotropic medications should be maintained to avoid withdrawal states. 
Dopaminergic medication titration should be instituted with care to avoid the dopa-
minergic withdrawal state given its possible association with suicidal behaviors and 
potential liability with postoperative depression.

Patients and their caregivers should be questioned on neuropsychiatric behaviors 
and suicidal ideation in the postoperative period, particularly in the first 3 years after 
surgery. Patients with suicidal ideation or attempts should be referred to a psychia-
trist. Issues of safety should be considered if a suicide attempt occurs, including the 
need for certification, hospitalization, and observation. The index of suspicion for 
postoperative depression should be high and those with depression carefully moni-
tored and treated. The etiology of any postoperative depressive or apathy symptoms 
should be considered and may require resumption of the dopaminergic medication 
if related to the withdrawal state, or possibly resumption of a dopamine agonist or 
of other preoperative medications that may have been inadvertently discontinued 
such as benzodiazepines or antidepressants. A time-limited confusional state may 
require careful observation or possibly a low dose of an atypical neuroleptic. 
Hypomania can be managed with observation, if time limited and mild, or may 
require changes in dopaminergic medications or stimulation parameters. 
Psychosocial issues should be addressed including changes in relationships or iden-
tity and may require referrals for counselling or support.

Suicidal outcomes in PD represent a potentially modifiable form of mortality. 
Further studies to address modifiable risk factors would be useful for clinical 
management.
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Acquired neurological syndromes, 193
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treatment, 267
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Acute myoclonus status epilepticus, 211
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Acute parkinsonism, 60
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electroconvulsive therapy, 68
with levodopa/dopamine agonists, 68
lorazepam, 68
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trifluoperazine and lithium, 67
Acute spinal rigidity, see Spinal rigidity
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gaze palsies
clinical evaluation, 17, 18
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mechanism, 17

Adaptive driver assistance systems 
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Adductor spasmodic dysphonia  

(AdSD), 38
Adrenocorticotropic hormone  

(ACTH), 501
Adrenomyeloneuropathy (AMN), 496–499, 
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Adult-onset parkinsonism, 426
Air embolus, 322, 323
Air-splint effect, 408
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isoxazolepropionic acid (AMPA) 
receptors antagonist, 209

Alpha rigidity, see Spinal rigidity
Alzheimer’s disease (AD), 569
Amygdala stimulation, 327
Amyostatic-akinetic form, 63
Amyotrophic lateral sclerosis  

(ALS), 45, 46
Anterior cingulate-medial orbitofrontal 
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Anti-amphiphysin antibodies, 179
Anti-basal ganglia antibodies, 262
Antidepressants, serotonin syndrome, 149
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Index

https://doi.org/10.1007/978-3-030-75898-1#DOI


588

Anti-NMDA receptor encephalitis, 
119–121, 272

anti-Ma2 encephalitis and hypokinesis, 
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antipsychotics, 275
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classification, 273, 274
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diagnosis, 275
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OMAS, 278
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treatment, 276

Antiphospholipid antibody syndrome 
(APS), 277

Antipsychotic therapy, 109
Anxiety, 229
Aseptic intraparenchymal cyst, 328
Aspiration pneumonitis, 537–539
Ataxia, 280, 459
Atherosclerotic parkinsonism, see Vascular 

parkinsonism
Atlanto-axial rotatory subluxation, 346, 347
Attention deficit hyperactivity disorder 

(ADHD), 223
Auditory hallucinations, 295
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syndromes, 273
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treatment, 267
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B
Basal ganglia disease, 172
Basal ganglia encephalitis, 281, 282
Basal ganglia-thalamocortical circuits, 125, 126
Bee stings, 59

Behavioral and cognitive problems, 324
Bell’s mania, see Malignant catatonia (MC)
Benzodiazepines, 162
Berg balance scale, 537
BH4-related enzyme deficiencies, 431, 432
Bilateral ballistic movement, 244
Bilateral vocal fold immobility, 41
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Biphasic stridor, 37
Bispectral index (BIS), 400
Bizarre psychiatric disorder, 233
Botulinum toxin injection, 409
Bradykinetic-rigid syndrome, 56
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Breathing disturbances
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iatrogenic causes

drug-induced tardive dystonia, 41
parkinson’s disease, 41
spasmodic dysphonia, 40
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Carbon monoxide poisoning, 58
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Central nervous system disorders, 122
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Cerebral palsy/spastic paraplegia, 426, 427
Cerebrospinal fluid (CSF), 272
Cerebrovascular disorders, 122
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Cholinesterase inhibitors, 305, 306
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408, 409, 411, 412
Conversion disorder, 356, 357
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VMAT2 inhibitors, 236
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Deep brain stimulation (DBS), 81, 82, 210, 
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intracerebral hemorrhage, 314
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neuroleptic malignant syndrome, 315, 
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SDH, 321, 322
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deep infection, 315
hardware infection, 326
hardware malfunction, 317, 318, 327
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426, 427
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non-motor symptoms, 427
phenotypic heterogeneity, 426
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GTPCH1 deficiency, 428, 429
SR deficiency, 430
TH-deficiency, 429, 430
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mechanism, 25
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Drug-induced tardive dystonia, 41
Dysarthria, 459
Dysautonomia, 78
Dyskinesia-hyperpyrexia syndrome 

(DHS), 89, 190
Dyskinesias, 281
Dyskinetic storm, 323
Dystonia, 37, 459

see also Pseudodystonia
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Electroconvulsive therapy (ECT), 109

acute parkinsonism, 68
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history, 366
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Functional parkinsonism, 371, 372
Functional tics, 373
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Hyperkinetic emergency, 5
Hyperkinetic form, 63
Hyperkinetic movement disorders, 7, 392
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Hypodopaminergic state, 87
Hypogonadism, 501
Hypokinesis, 280, 281
Hypokinetic emergency, 5
Hypokinetic movement disorder syndromes, 7
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Immune-mediated movement disorders, 272
Immune reconstitution inflammatory 

syndrome (IRIS), 521
Immunotherapy

PANDAS, 266
Sydenham’s chorea, 265, 266
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(IPG), 315

Induction of paralysis, 163
Infectious disorders, 120, 122
Infectious parkinsonism
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neuropathology and imaging, 66, 67
parkinsonism associated with

nonviral infectious agents, 66
postvaccine parkinsonism, 66
viral encephalitides, 64

postencephalitic parkinsonism, 63, 64
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Information processing model, 557, 558
Inherited neurological syndromes, 192, 193
Insect stings, 59
Inspiratory stridor, 36
Intention myoclonus, 204
Intracellular antigens, 272, 273, 284
Intracerebral hemorrhage, 314
Intracerebral infection, 316
Intracranial cyst, 328
Intracranial hemorrhage, 318–321
Intraoperative seizure, 314, 323
Intravenous chlorpromazine, 163
Intraventricular hemorrhage, 313, 314
Isaacs’ syndrome, 345
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Kaplan-Meier plot, 567, 568
Kayser-Fleischer (KF) rings, 457, 460, 478
Klippel-feil syndrome, 346

L
Lance-Adams syndrome (LAS), 201, 202, 

204–207, 209–212
Laryngeal dystonia, 41
Laryngomalacia (LM), 406
Lateral orbitofrontal circuits, 125
Lateral orbitofrontal subcortical circuit, 125
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LGI1 antibodies, 279, 280
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Life-threatening dystonia, 185
Limbic encephalitis, 279, 280
Liver biopsy, 481
Liver transplantation, 467

M
Malignant catatonia (MC)

anti-NMDAR encephalitis, 119–121
antipsychotic drugs, 118
benzodiazepines, 128
circuits, 125, 126
clinical features of, 118
clinical presentation, 116, 117
definition, 116
dopamine, 125
ECT, 128, 129
effective management, 127
etiology, 119, 120
lethal catatonia, 116
management, 128
mesocortical dopamine pathway, 127
methodologic limitations, 119
onset of hypodopaminergia, 125
pathogenesis, 124
patient history, 115
principle factors, 119
PubMed database, 118
reduced dopamine activity, 125
state and trait related factors, 127
subcortical dopamine system, 127
syndrome, 121–124
treatment algorithm, 128
utilization and limitation behaviors, 125

Medial prefrontal cortex dopamine 
system, 127

Menkes disease, 460
Mental status change, 78
Mesocortical dopamine pathway, 127
Metabolic disorders, 123
Metallothioneins, 464
3,4-Methylenedioxymethamphetamine 
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Misidentification syndromes, 296
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Modified barium swallow, 42
Monoamine oxidase inhibitors (MAOIs), 140
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Motor tics, 233
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Muscle stiffness, 173, 174
Myocardial infarction (MI), 315, 325
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Myoclonic-like movements, 279, 280
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Myoclonic status epilepticus, see Status 
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Myoclonus, 177, 178
Myoclonus status epilepticus, 211
Myokymia, 173
Myotonia, 345
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Necrotizing myelopathy, 176
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Neopterin, 434
Neuroanatomy, 146, 147
Neurochemistry

autoreceptors and transporter, 145
primary metabolic pathway, 143
receptors, 145, 146
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pathophysiology, 100
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resources, 109
treatment, 107–109

antipsychotic therapy, 109
ECT, 109
pharmacotherapy, 107, 109
supportive care, 107, 109

Neurologic airway emergencies, 37
Neurologic emergencies, see Tardive
Neuromyotonia, 173
Neuro-ophthalmologic evaluation
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gaze palsies

clinical evaluation, 17, 18
etiology, 18–20
mechanism, 17
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acute and subacute etiologies, 24
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mechanism, 27
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Neuropsychiatric startle disorders, 337, 338
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Noninfectious parkinsonism
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bee sting, 59
carbon monoxide poisoning, 58
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CPK, elevations of, 59
dopamine D2 receptor blocking 
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Obsessive-compulsive disorder (OCD), 223
Obstructive sleep apnea syndrome 
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mechanism, 21
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Oculomotor circuit, 125
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patient history, 473, 474
prevalence, 474, 475
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Opsoclonus–myoclonus–ataxia syndrome 
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Optokinetic nystagmus (OKN), 17
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Oromandibulolingual dystonia (OMD), 43–45

P
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Paradoxical worsening, 466–468
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Paraneoplastic disorders (PNDs), 272, 273
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Paraneoplastic sensory neuronopathy (PSN), 
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Parkinson’s disease (PD), 41, 46, 47

driving
activity of daily living, 556
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information processing model, 557, 558
neural substrates, 558, 559
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atypical antipsychotics, 302
cholinesterase inhibitors, 305, 306
clozapine, 303, 304
olanzapine, 305
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typical antipsychotics, 302

Parkinsonism
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treatment, 267
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clinical features, 79, 80
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deep brain stimulation, 81, 82
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coccal infections (PANDAS), 
228, 373

antibiotic treatment, 266
clinical features and diagnosis, 259, 260
immunotherapy, 266
pathophysiology, 262, 263
symptomatic treatments, 266

Pediatric patient
herbal antidepressants, 157, 158
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Peripheral nerve hyperexcitability (PNH), 173, 

283, 284
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Pimavanserin, 304, 305
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Policy issues, 570–572
Postencephalitic parkinsonism (PEP), 63
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complication, 201
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EEG, 203, 205
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gait, 204
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long latency response, 204
myoclonic jerks, 204
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pathogenic mechanisms, 206, 207
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prognosis, 204
prognostic features, 211, 212
seizures, 204
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treatment, 267
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treatment, 267
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clinical features and diagnosis, 261
treatment, 267

Post-streptococcal central nervous system 
(CNS) diseases, 256
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treatment, 264
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treatment, 267
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Principles of management
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etiology, 7
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classification, 344
evaluation, 348
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patient history, 343, 344
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Psychiatric symptoms, 534
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Q
Quetiapine, 304
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Real-life driving outcomes, 566–569
Recreational drug abuser, 153, 154
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see also Subcortical myoclonus
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Sandifer syndrome, 346
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hyperthermia, treatment of, 164
induction of paralysis, 163
intravenous chlorpromazine, 163
oral cyproheptadine, 162, 163
pediatric patient, treatment of, 164
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Serotonin syndrome (SS)
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chemical structure, 143
clinical manifestations, 140
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complications, 161
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diagnosis, 140
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HSTC criteria, 141
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monoamine oxidase inhibitors, 140
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primary metabolic pathway, 143
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prevention, 165
prognosis, 164, 165
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serotonin receptor blockers, role of
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oral cyproheptadine, 162, 163
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synthesis and release of, 144

Serotonin toxicity (ST), see Serotonin 
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Sodium oxybate (SXB), 210
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causes of
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Index



597

necrotizing myelopathy, 176
progressive encephalomyelitis, 179
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175, 176
spinal interneuronitis, 178
spinal segmental rigidity, 177, 178
stiff leg syndrome, 178
stiff person syndrome, 178
tetanus and strychnine, 177

characteristic clinical sign, 174
clinical features, 174
differential diagnosis, 174, 175
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frontal lobe, 173
muscle stiffness, 173, 174
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management, 180, 181
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physiology of, 174
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cross-sectional studies, 561–563
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meta-analysis, 561
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patient history, 335
reflex, 336
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Parkinson’s disease, 46, 47
swallowing disorders, treatment of, 43

Index



598
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Toxic and drug-related disorders, 120, 123
Trail making test, 566
Transient hypoperfusion, 205
Trauma, 536, 537
Tremor, 280, 459
Trientine, 465, 486
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