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Chapter 12 

Drug-Induced Movement Disorders 

Joanne Wojcieszek 

Objectives 

To recognize uml prescription drugs may cause 

tremor, parkinsonism, chorea, dys tonia, my

oclonus, or tics 

• To emphasize the importance of reviewing a ll 

cuneot and prior medications when evaluating 

patients w ith movement disorders 

• To understand that the most common medi 

cines that cause cl inically sig nificant and 

disabling movement disorders are those pre

scribed for psychiatric disorders such as psy

chosis and depression 

To gain famili arity with disorders caused by 

dopamine receptor- blocking agents (DRBAs), 

such as acute akathisia, acute dystonic reac

tions, neuroleptic malignant syndrome (NMS), 

neuroleptic-induced parkinsonism (NIP), and 

the tardive syndromes 

To appreciate that chronic levodopa therapy for 

Parkinson's di sease (PO) frequently causes 

fluctuating chorea and dystonia 

To be aware that most drug-induced movement 

di sorders are transient and remit with discon

tinuation of the offending agent; the main 

exceptions to this are the often permanent tar

~ive syndromes 

Abnormal, involuntary movements are a common 

side effect of many prescription drugs. It is impera

tive that the c linician review all current and prior 

medications when evaluating patients with move

ment disorders. The main categories of abnormal 

movements include tremor, parkinsonism, chorea, 

dystonia, myoclonus, and tics. Tremor is a rhythmic 

oscillation of a body part and may occur when the 

limb is at rest (resting tremor), when held in sus

pension (postural tremor), or when performing an 

action (ac tion tremor). Parkinsoni sm consists of 

bradykinesia (s low ness of movement), res ting 

tremor, cogwbeel rigidity (increase in muscle tone) 

and postural instability. Chorea invol ves brief,jerky, 

unpredictable movements that flit from one part of 

the body to anotber. Dystoni a includes sustained 

muscle conlractions that result in twisting repetitive 

movements or static abnormal postures. Myoclonus 

is a brief, lightning- like je rk that can involve active 

muscle contrac tion (posit ive myoclonus) or inhi

bition of ongoing muscle ac ti vity (negative my

oclonus). Hi cc ups and s leep je rks are common 

examples of positive myoclonus, whereas asterixis 

represents negative myoclonus. Tics are brief, repet

itive, stereotyped movements or sounds that occur 

randomly. Patients with tics often have a feeling of 

inner tension before a tic movement and a sense of 

relief once the movement has been co mpl e ted. 

Unlike the previously described abnormal move

ments, which are involuntary, akathi sia is a usually 

con sidered voluntary because the patient is com

pelled to move to re lieve inner res t1 essness. 

Thi s chapter describes common culprits of drug

induced movement disorders. Most of the discllssion 

215 



216 IATROGENIC NEUROLOGY 

Table 12.1. Drugs that May Cause Tremor 

Beta~adrenerg ic agoni sts 
Theophylline 
Caffeine 
Nicotine 
Lithium 
Antiepi leplic drugs (valproic acid, lamOlri gine) 
Tricyclic antidepressants 
Monoamine oxidase inhi bitors 
Amphetamines 
Dopamine receptor-blocking agenLS (anlipsychotics, meto

clopramide. prochlorperazine, droperidoJ, domperidone, 
promethazine) 

Corticoste roids 
Thyroid hormone 
Cardiac anLiarrhythmics (amiodarone, procainamide) 
Calcium channel blockers (nimodipine, flunarizine) 
Pindolol (see Chapter 20) 
Cimeti dine t39 

Ethanol 

Source: Adapted from we Koll er. Treatment of Tremor Disor
ders . In R KurIan (cd), Treatment of Movement Disorders. 
Philadelphia: Lippincott, 1995;407. 

Table 12.3. Drugs that May Cause Chorea 

Dopamine receptor-blocking agents (antipsychotics, meto
clopramide, prochlorperazine, dropcridol, domperidone, 
promethazi ne) 

Levodopa 
Anliepileplic drugs (phenytoi n, carbamazepi ne, ethosux

imide, valproate, gabapentin [in therapeutic range]; 
phenobarbital toxici ty) 

Anli cholinergics 150 
Amphetamines (see Chapler 22) 
Oral contraceptives 
Tricycl ic antidepressant 
Se lec ti ve serotonin reuptake inhibitors 
Cimelidi ne l51 

Cyclosporin 152 

Theophyll ine153 

C1ebopride l54 

Oxymetholone (anabol ic steroid)155 
Lithium 156 

focuses on agents that alter brain dopamine activity 
such as neuroleptics and levodopa. The abnormal 
movements caused by antidepressants. especially the 
newer agents that alter serotonergic transmission, are 
also reviewed. Tables 12. 1 through 12.6 summarize 
which drugs can potentially cause abnormal move-

Table 12.2. Drugs that May Cause Parkinsonism 

Dopamine receptor- blocking agents (antipsychotics, meto
clopramide, prochl orperazine, droperidol , domperi done, 
promethazine) 

Dopamine-depleting agents (te trabenazine, reserpine) 
Alpha-methyldopa 
Meperidine l40 

Lithium 
Calcium channel blockersl41- 143 

Disulfiram l44 

Phenytoin 
Selective serotonin reuptake inhibitors 
Amiodarone (see Chapter 20) 
Clebopride l45,146 

Cephaloridine147 

Amphotericin B (intravemricu lar)148 
Manganese intoxication with parenteral nurrition 149 

Table 12.4. Drugs that May Cause Dystonia 

Dopamine receptor- blocking agents (anti psychotics, meto
c1opramide, prochlorperazi ne, droperidol , promethazine, 
sulpiride 157 and domperidone l58) 

Tetrabenazi ne 159 

Dopamine agonists (levodopa) 
Anliepileptic drugs (phenytOi n, carbamazepine. 

ethosuximide) 
Selective serotonin reuptake inhibitors 
Antimalarials (amod iaquine, 160 chloroquine 161 ) 
Diphenhydramine162 

FentanyJ163 

Disulfiram lM 

Midazolam l65 

Ondansetron 166 

ments; however. not al l of these drugs are discussed. 
Movement disorders caused by cardiovascular drugs 
are included in Chapter 20. 

Dopamine Receptor- Blocking Agents 

The medicines th at have the most potential for 
causing uncomfortable, disabling, and often per
manent movement d isorders are the DRBAs, also 
re ferred to as neuroleptics (these terms may be 
used interchangeably). Al though DRBA-induced 
neurologic dysfunction probably represents the 
most common iatrogen ic disorder to result in liti-



Table 12.5. Drugs that May Cause Myoclonus 

Antidepressants (tricyclics, monoamine oxidase inhibiwrs) 
Lcvodopa 
Lithium 
Anti-infectious agenLS (penicillin, carbenicillin, licarcillin, 

cephalosporins, antihelmintic agents) 
AnestheLic drugs (amidatc) 
Bismuth subsalicylate (i.c., Pepto-Bismol) 167 
Chlorambucil 
Anliepi leptics (valproic acid, carbamazepine) 
Sedative hypnotics (methaqualone, bromisovalum) 
Fentanyl 163 

Antihistamine 
OicJofenac 
Wafer-soluble contrast media (mclrizamidc, myelografin, 

angiografin, isocarmate megiumine, iothalamate 
megluminc) 

Nifedipine, verapamil (see Chapter 20) 
Prednimustine168 

Propafenone 169 

Source: Adapted from HL KJawans, PM Carvey, eM Tanner, ct 
a1. Drug- Induced Myoclonus. In S Fahn , CD Marsden , M Van 
Woert (eds), Advances in Neurology Series, Vol 43: 
Myoclonus. New York: Raven, 1986;25 1, 

gation, these agents remain one of the most widely 
used classes of drugs. The most common indica
tion for prescribing DRBAs is for the primary 
treatment of psychosis and for the management of 
some affective and behavioral disorders. Although 
DRBAs are commonly prescribed for schizophre
nia, these agents are often used to treat elderly 
demented patients with agitation, hallucinosis, or 
aggression. Some drugs used primarily for depres
sion may have DRBA properties or may actually 
include a neuroleptic. Examples include Triavil, a 
combined preparation of amitriptyline and per
phenazine (a neuroleptic), and amoxapine, a tri
cyclic with DRBA activity. Neuroleptics are often 
used by neurologists to treat tics and chorea. Other 
commonly used DRBAs include antiemetics such 
as metoclopramide (Reglan). prochlorperazine 
(Compazine), droperidol (lnapsine) , and domperi
done (Motilium), as well as the antivertigo agent, 
promethazi ne (Phenergan). 

The abnormal involuntary movements caused by 
DRBAs are li sted in Table 12.7. Acute dystonic 
reactions typicaUy develop 23-28 hours after initia
tion of neuroleptic treatment. l with 85% of episodes 
occurring within 96 hours.2 An increase in neu-
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Table 12.6. Drugs that May Cause Tics 

Stimulants 
Levodopa 
Dopamine receptor-blocking agents 
Carbamazepine 

Table 12.7. Neurologic CompLications of 
Dopamine Receptor-B locking Agents 

Acute dystonic reactions 
Acute akathisia 
Neuroleptic malignant syndrome 
Neuroleplic-induced parkinsonism (including "rabbit 

syndrome") 
Tardive dyskinesia 

roleptic dose or discontinuation of anticholinergic 
drugs during ongoing neuroleptic treatment may 
also cause acute dystonia. The estimated incidence 
of neuroleptic-induced dystonia is approximately 
10%,3 but may vary depending on the patient popu
lation studied and the type of neuroleptic used. Risk 
factors for the development of acute dystonia 
include young age, male sex, use of high potency 
or depot neuroleptics (haloperidol [Hal dol], 
fluphenazine [Prolixin]), prior vulnerabili ty to acute 
dystonic reactions, recent cocaine abuse,4 and con
current medical conditions such as hyperthyroidism 
or hypoparathyroidism. The potency of a neuroleptic 
drug to cause extrapyramidal effects is relaled to its 
ability to bind to postsynaptic dopamine receptors in 
the striatum (caudate and putamen). The highest 
potency neuroleptics, in decreasing order of potency, 
are thiothixene (Navane) , Prolixin, perphenazine 
(Trilafon), trifluoperazi ne (S telazine), triflupro
mazine (Vesprin). and Hal do!. Low-potency neu
roleptics, in increasing order of potency, are 
clozapine (Clozaril). olanzapine (Zyprexa), risperi
done (Risperdal), molindone (Moban), loxapine 
(Loxitane), thioridazine (Mell aril). and chlorpro
mazine (Thorazine). Clozapine, olanzapine, and 
risperidone are considered "atypical neuroleptics" 
because they have a weak propensity to bind 
dopamine receptors and probably exert antipsychotic 
effects by reducing serotonergic transmission.5 

Although clozapine (Clozari l) is more effective than 
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standard neuroleptics in the treatment of refractory 
psychosis and has minimal DRBA ac tivity, its use is 
often limited by an approximately I % risk of agran
ulocytosis, requiring patients to have weekly moni
toring of the complete blood cell count and 
differentia1.6 Clozapine has been reported to cause 
oculogyric crisis7 and acute dystonia,S although this 
should be considered rare. 

Little is known about the pathophysiology of 
acute dystonic reactions, but alterations in cholin
ergic, dopaminergic, gamma-am inobutyri c acid 
(GABA), and sigma op iate receptor activity have 
been suggested. [t is generally accepted that cholin
ergic transmi ss ion is excessive, but it is unclear 
whether dopamine activity is too low or too high. 
On one hand, acute dyston ia may result from a 
reduction of dopamine activity by postsynaptic 
receptor blockade. However, dopamine receptor 
supersensitivity occurs soon after the first dose of 
neuroleptic agent, suggesti ng increased dopamine 
transmission as causative.9 Symptoms of acute dys
tonia may be mild and only include a sensation of 
tongue thickness with no dysarthria. More com
monly, symptoms are more severe and include 
opening or closing of the jaw, protrusion of the 
tongue, grimacing, tightness in the throat, pulling 
of the head to the side or backward, posturing of the 
limbs or torso, or oculogyric crisis where the eyes 
are forced upward and oft.en to one side. Most ten-i
fying is the rare manifestation of extreme laryngeal 
spasm that can compromise airway function and 
lead to sudden death. Adults tend to have involve
ment of the eyes, face, neck, and throat, whereas 
chi ldren tend to develop generalized dystonia. 
Acute neuroleptic-induced dystonia resolves spon
taneously if the drug is discontinued. Because 
symptoms are often fr ightening and uncomfortable, 
however, parenteral treatment is usually indicated 
and is uniformly successful. The most effective 
medications include anticholinergics slich as 
benztropine (Cogentin) and biperiden (Akineton) or 
the anticholinergic and antihistaminic agent diphen
hydramine (Benadryl). For acute dystonia in adults 
with intravenous access, benztropine, 1-2 mg over 
2 minutes, or diphenhydramine, 10-50 mg, should 
be given. Symptoms usually resolve in 2-5 minutes. 
If dystonia persists, the dose shou ld be repeated. If 
this is unsuccessful, g ive diazepam, 5- 10 mg. In 
adults without intravenous access, benztropine, 1-2 
mg, may be given intramuscularly, but the response 

will be delayed. For acute dystonia in children, give 
intravenous diphenhydramine, 1-2 mg per kg up to 
50 mg over 2 minutes, with a maximum of 400 mg 
in 24 hours. 10 For patients who require continued 
neuroleptic treatment, oral anticholinergic treatment 
to prevent recurrence should be continued for 1-2 
weeks or longer for patients receiving a depot 
preparation. Once the acute episode has resolved, 
the clinician may be faced with an angry (or liti 
g ious) patient if the possibility of acute dystonia 
was not mentioned before starti ng the DRBA. 
Sometimes, anticholinergic prophylaxis should be 
considered in patients who are at high risk of devel
oping acute dystonia or in patients for whom such a 
reaction would be exceptionally disturbing. This 
category includes chi ldren, young adu lt men, 
patients with prior acute dystonic reactions, and 
paranoid patients who may have delusions of an 
outs ide force controlling their body that may be 
reinforced by the dystonia. 

Akathisia is a subjective sensation of rest lessness 
that is associated with difficulty remaining stilL 
Movement temporarily relieves akathisia, only to 
return immediately once the patient is again resting. 
There is often a compulsion to move one's legs that 
results in pacing, rocking, tapping the foot, swing
ing one leg while si tting, or shifting from one foot 
to another while standing. When seated, akathisic 
patients appear fidgety, frequently shift position, 
and sometimes lift themselves off the chair. Preva
lence estimates of acute akathisia range from 20% 
to 75%." Although symptoms may begin within 
hours of initiating DRBA treatment, more com
monly, akathisia develops after days or weeks and is 
more likely to occur with high-potency or depot 
agents. The physiologic disturbance in akathi sia 
may be blockade of mesocortical dopamine recep
tors. 12 The subjective distress of akathisia is a major 
cause of noncom pliance with antipsychotic med
ications and, when severe, can lead a patient to con
sider suicide. Treatment of akathisia includes 
DRBA discontinuation (if possible), dose reduction, 
change to a lower potency drug, or change to an 
atypical neuroleptic. When additional treatment of 
akathi sia is required, beta-blockers are probably the 
drugs of choice (i.e., propranolol , 20-120 mg per 
day; metoprolol, 75-200 mg per day). When the 
patient has neuroleptic-induced parkinsonism (NIP) 
in addition to akathisia, amantadine (25-100 mg 
twice daily) or anticholinergics (benztropine, 1-2 



mg three times per day; lrihexyphenidyl, 2-5 mg 
three times per day; diphenhydramine, 25-50 mg 
three times per day; biperiden, 2-4 mg three times 
per day) should be used. The syrup preparation of 
amantadine (50 mg per teaspoon) allows the lowest 
therapeutic dosing. Patients resistant to these thera
pies may be given c!onazepam or c1onidine. Treat
ment of akathis ia is usua ll y continued for a few 
weeks and then stopped if possible. Even when the 
DRBA is discontinued, it may take 1-2 weeks for 
acute akathisia to resolve. A persistent form of 
akathisia is discussed later as tardive akathisia. 

Neuroleptic malignant syndrome (NMS) is a rare 
but potentially fatal complication of DRBA treat
ment. Patients with PD are also at risk for NMS 
when dopaminergic drugs are drastically lowered or 
discontinued. Both s ituation s reduce central 
dopaminergic transmission, especially in the hypo
thalamic temperature regulation area and striatun), 
which may lead to the development of the cardinal 
cli ni cal features of NMS: (I) fever, (2) rigidity, 
(3) altered mental status, and (4) autonomic dys-

I function. NMS occurs ill approx imately I % of 
. patients treated with standard neuroleptics. 13 Even the 

atypical neuroieptics, clozapine and risperidone, have 
on rare occasion, been repOIted to cause NMS,14. 15 as 
has tetrabenazine, a dopami ne-depletor with some 
DRBA activity. I6-18 Symptoms of NMS typically 
begin within 2 weeks of starting the DRBA but can 
occu r hours after the first dose or after years of 
treatment. Patients who are dehydrated, exhausted, 
or severely agitated may be predisposed to develop
ing NMS. Other risk factors include use of high
potency or depot neurol eptics. However, most 
patients with NMS have had prior uncomplicated 
exposure to neuroleptics. The diagnosis of NMS 
shou ld always be considered in any patient taking 
a neuroleptic with new fever, confusion, and 
extrapyramidal symptoms. Fever is present in viltu
ally all patients with NMS but may not appear until 
after the motor signs. Fever is usually in the range of 
101-104°F but may be greater than 105°F.1 9 Rigidity 
is present in approximate ly 90% of patients; tremor 
or dystonia are also common. Changes in mentation 
occur in 75% of patients and range from agitation to 
prominent reduction in consciousness. Autonomic 
di sturbances include diaphoresis, cardi ac arrhyth
mias, urinary incontinence, and labile blood pres
sure. Laboratory abnormalities that support the 
diagnosis of NMS include elevated creatine kinase, 
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Table 12.8. Differential Diagnosis of Neuroleptic 
Malignant Syndrome 

Central nervous system infection (encephaliti s, meningitis, 
rabies) 

Acute dystonic reaction 
Drug-induced parkinsonism 
Heat stroke 
Status epilepticus 
Lethal catalonia 
Drug allergy 
Ma lignant hyperthermia 
Serotonin syndrome 
Diabetic ketoacidosis 
Metabolic encephalopathy 
Slrychnine poisoning 
Tetanus 

typically above 1,000 IV per liter, leukocytosis, ele
vated liver enzyme levels, low serum jron concen
tration, proteinuria, and myoglobinuria, although all 
of these are nonspecific. 

The diagnosi s of NMS is one of excl usion, 
requiring aggress ive diagnostic studies to exclude 
other life-threatening conditions, most important, 
CNS infection or status epilepticus. Patients w ith 
heat stroke do not sweat, unlike patients with NMS 
who experience prominent diaphoresis. It is often 
difficult, if not impossible, to distinguish lethal 
catatonia from NMS; however, NMS develops over 
hours and day s, whereas leth al catato nia often 
inc ludes 1-2 weeks of prodromal symptoms of 
mood instability, insomnia, intense motor excite
ment, and confusion. Because an acute dystonic 
reaction may mimic NMS, a si ngle dose of par
enteral anticholinergic is often g iven to make this 
distinction. The differential diagnosis of NMS is 
summarized in Table 12.8. 

Treatment of NMS includes rapid recognition of 
the diagnosis, immediate withdrawal of the DRBA, 
admission to an intensive care unit, and initiation of 
dantrolene sodium (50-100 mg every 6 hours per 
nasogastr ic tube or orall y) and bromocriptine 
(2.5-10.0 mg three times per day) .'o When NMS is 
caused by reduction of Parkinson's medications, the \ 
previous doses should be restarted. NMS should be 
treated aggressively, given the mortality of 11 %. 
Alkalinization of urine is recommended to prevent 
myoglobinuria. Symptoms should begin to resolve 
within 2-3 days. Treatment should be continued for 
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10 days if the ORBA was taken orally and for 2-3 
weeks if a depot preparation was causative. Once 
NMS symptoms resolve, patients should not be 
challenged with standard neuroleptics for 2 weeks. 
Although c1ozapine, olanzapine, and risperidone 
may be the drugs of choice after NMS, it is also rea
sonable to introduce a lower potency standard neu
roleptic and titrate slowly. Electroconvulsive 
therapy may be helpful in treating the psychosis in 
acute NMS during the time when neuroleplics are 
contraindicated. 

NIP is caused by drugs that block striata l 
dopamine receptors (ORBAs) or by agents that 
function presynaptically by reducing dopamine 
stores (i.e., reserpine, tetrabenazine). NIP symp
toms and signs include reduced facial expression, 
hypophonia, drooling, slowness of movement, 
rigidity, resting tremor, micrographia, reduced arm 
swing, flexed posture, and postural instability . . NIP 
is clinically indistinguishable from PO, although 
signs are typically symmetric and bilateral in NIP 
compared with the asymmetric presentation and 
course of PO. The "rabbit syndrome" (perioral and 
perinasal rhythmic 4- to 6-Hz tremor that looks like 
a rabbit chewing) is most often a manifestation of 
NIP but can, on occasion, be seen in PO. The rabbit 
syndrome may be a restricted manifestation of NIP 
and, like NIP-induced tremor, responds well to anti
cholinergics. NIP generally occurs later than 
akathisia and acute dystonia, often developing 
weeks after initiation of neuroleptic therapy or after 
a dose increase during ongoing treatment. The main 
risk factors for development of NIP are high neu
roleptic potency and high neuroleptic dose. 

Treatment of NIP includes the following 
options: (I) withdrawal or dose reduction of the 
offending agent; (2) addition of anti parkinson 
drugs such as amantadine, anticholinergics, le
vodopa, or dopamine agonists; or (3) change to 
an atypical neuroleptic. NIP refractory to these 
measures may improve with e lectroconvu lsive 
therapy. NIP usually resolves within a few weeks 
or months of stopping the ORB A but symptoms 
may persist for much longer. In general, the diag
nosis of PO should not be given to anyone who 
has taken a ORBA within the past year unless 
there is clear evidence that the parkin soni sm has 
worsened since the DRBA was stopped. 

Whether treated or not, NIP is a transient phe
nomenon even during continued neuroleptic expo-

sure. Antiparkinson drugs can usually be successfully 
stopped after a few weeks. On a final note, most 
patients with NIP receive the ORBA from their 
physic ian, and this is documented in the medical 
record. However, there are some patients who ingest 
medications belonging to a friend or relative without 
knowing the nature of the drug and may not admit 
tllis to their physicians. The clinician must sometimes 
be persistent in questioning such patients. There are 
rare but unusual reports of unsuspected, surreptitious 
neuroJeptic exposure. As described by Albanese et 
al}] three men with parkinsonism who repeatedly 
improved in the hospital but worsened at home were 
being given haloperidol by their wives. One man had 
the neuroleptic dissolved in his coffee. A clue that 
this was a drug-induced parkinsonism was the coex
istence of akathisia. 

Of all the drug-induced movement disorders, tar
dive dyskinesia (TD) is the most clinically signifi
cant and potentially disabling. TO refers to a variety 
of persistent (usually longer than 3 months in dura
lion) abnormal involuntary movements caused by 
DRBAs. All of the standard neuroleptics have been 
implicated as culprits of TO. The prevalence of TO 
among patients on chronic neuroleptic therapy is 
approximately 20%. 22 Likely ri sk fac tors for the 
development ofTD include advancing age23 and, to 
a lesser extent, female sex24 and duration of neu
roleptic exposure. The ri sk of TO is fairly stable 
from ages 20 to 40 years but then increases dramat
ically. The risk of TO for a 20-year-old patient after 
2 years of neuroleptic exposure is 10% and after 4 
years is 18%. For a 40-year-old patient, the risk is 
18% at 2 years and 30% at 4 years25 In patients 
older than age 45 years, the cumulative incidence 
of TD after neuroleptic exposure is 26%, 52%, and 
60% after 1,2, and 3 years, respectively26 Children 
and adolescents have an extremely low chance of 
developing persistent tardive syndromes.27 Despite 
rare reports that the newer atyp ical neuroleptics 
risperidone and clozapine28 may also cause TD, the 
risk with these agents is minimal compared with 
that of classic neuroleptics29 The three patients 
described with risperidone-associated TO all had 
prior exposure to standard neuroleptics, and one 
patient had a history of T030-32 

TD typically begins insidiously after several 
years of ongoing DRBA treatment but can occur 
after only a few months (or even days) of exposure. 
Most strikingly, TO commonly appears acutely 



after DRBA discontinuation or dose reduction. It is 
generally accepted that a movement disorder should 
begin within 3 months of stopping a DRBA for a 
diagnosis of TD to be considered.33 However, there 
is no absolute period of time between stopping a 
DRBA and onset of abnormal movements that 
excludes the diagnosis of TD. The TD syndromes 
behave predictably to DRBA manipulations, and 
this is often of diagnostic importance. For example, 
TD worsens on neuroleptic dose reduction or dis
continuation and improves with neuroleptic dose 
increase. This clinical improvement is deceivi ng 
because the TD is being masked by higher doses of 
neuroleptics while the underlying physiologic dis
turbance persists or worsens with continued expo
sure to the offending agent. The cause of TD 
remains elusive but probably includes postsynaptic 
striatal dopamine supersensitivity due to upregula
tion in response to long-standing receptor bloc~ade 
as well as D, - and D,-receptor imbalance. Changes 
in GABA. acetylcholine, serotonin, and sigma opi
ate receptors have also been implicated. In addition, 
neuroleptics may be toxic to neurons in the sub
stantia nigra and sttiatum by generation of free rad
icals or lipid peroxidation.34, 35 

The TD syndromes are li sted in Table 12.9. 
"Classic TD" most often refers to the repetitive, 
rhythmic, purposeless movements (tardive stereo
typies) or sounds that most physicians recognize as 
TD. Tardive stereotypies typically involve the oral
buccal -lingual region and include lip pursing or 
smacking. tongue protrusion ("fly-catcher's 
tongue"), rolling the tongue within the mouth, 
pressing the tongue against the cheek ("bon-bon 
sign"), chewing, blowing, teeth clenching, side-to
side jaw movements, and puffing out the cheeks. 
Examples of tardive stereotypies affecting the body 
are "piano-playing" movements of the fmgers and 
pelvic rocking ("copulatory dyskinesia"). TD may 
be mani fest as respiratory dyskinesia such as irreg
ul ar breathing, panting, gasping, or as vocalizations 
such as moaning or humming. On occasion, 
patients with TD may develop true choreatic move
ments that flow from one muscle to another in ran
dom fashion unlike the repetitive movements of 
tardive stereotypy. 

The withdrawal-emergent syndrome is the tran
sient chorea that can occur after abrupt withdrawal 
of a DRBA. This most often affects children, and 
the chorea remits within 3 months. Tardive akathisia 
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Table 12.9, Tardive Dyskinesia Syndromes 

Classic tardive dyskines ia 
Tardive stereotypy 
Tardive chorea 

Withdrawal-emergent syndrome 
Tardive akathisia 
Tardive dystonia 
Tardi ve myoclonus 
Tardi ve u"Cmor 
Tardive cics 
Painful oral and geni tal syndromes 

includes the same feeling of restlessness and need 
to move as does acute akathisia; however, tardive 
akathis ia begins after many months or years of 
treatment with a DRBA and is a persistent disorder. 
Tardive akathisia often includes rubbing of the face, 
picking at clothes, rocking, side-to-side movement 
of the feet with legs crossed, pacing or marching in 
place, and altemating sitting and standing. There is 
a pharmacologic distinction between acute and tar
dive akathisia. DRBA disco ntinu ation or dose 
reduction improves acute akathisia and exacerbates 
tardive akathisia. There is an overlap in the types 
of movements seen in akathi sia and classic TD, 
such as body rocking or repetitive hand or foo t 
movements. In general, patients with TD are mov
ing and therefore rest less, whereas patients with 
akathisia are restless and therefore moving.36 When 
patients taking standard neuroleptics develop dis
abling akathisia. a change to cIozapine appears to 
be helpful. Surprisingly, such patients often con
tinue to experience restless ness albeit of lesser 
severity.37 It is unclear whether clozapine is caus
ing acute akathisia or whether it is masking tardive 
akathisia.38 

Tardive dy stonia appears to be clinically and 
pharmacologically distinct from the other tard ive 
syndromes. This form of dystonia typicall y affects 
the face, neck, and trunk, with the abnormal pos
tures beco ming more prominent during act ions 
such as walking. Patients often have retrocolli s, 
back arching, anterior di splacement of the shoul
der, and arm extension. Patients with tardive dys
tonia or tardive akathis ia often have assoc iated 
oral-buccal-lingual TD. Unlike patients with classic 
TD, who may not be aware of their involuntary 
movements, patients with tardive dystonia are usu
ally symptomatic and often have pain and disability 
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from the dystonia. Myoclonus, tremor, and tics can 
be manifestations of TD but are relatively uncom
mon. Oral and genital tardive pain syndromes have 
also been described.39 

The best treatment of classic TD is di scontinua
tion of the DRBA if the psychiatric state all ows. 
Anticholinergics should be stopped because they 
are thought to exacerbate oral-buccal-Lingual dys
kinesia, and, in fact, cholinergic agonists may be 
helpful in treating TO. During the period of DRBA 
withdrawa l and for a short time thereafter, TD 
movement may temporaril y worsen, sometimes 
req uiring treatment with a benzodiazepine. After 
this transient worsening, the longer the patient is off 
neuroleptics, the greater is his or her chance of 
improvement. Glazer and Morgenstern reported that 
40% of patients had reduction of TD signs after 6 
months and 90% had improved at 1 year.40 Some 
patients may continue to improve for up .to 5 
years.41 Fahn reported complete remission in five of 
eight patients after 1.5- 4.0 years of d rug abst i
nence.42 Unfortunate ly, TD is often permanent, 
despite DRBA discontinuation. 

What is the natural history ofTD when patients 
have had to continue standard neuroleptic treat
ment even though efforts are made to minimize 
drug exposure? Yagi and [toh followed 20 such 
patients for 10 years and found that 45 % experi
enced remission, 30% had persistent sy mptoms, 
and 25% had recurrence of TD.43 Nowadays, 
patients with TO who require continued treatment 
for psychosis should be c han ged to an atypical 
neuroleptic or begin sy mptomatic TO therapy. 
Although the main reason to change from a stan
dard to an atypical neuroleptic is to stop further 
dopamine-receptor blockade, some of these agents 
may have a therapeutic effect. Clozapine has been 
shown to improve TD symptoms in many patients, 
especially those with tardi ve dystonia 4 4 Histori
cally, treatment ofTD has been difficult; however, 
the most effective agents have been the dopamine 
depletors . It is thought that reserpine masks TD 
symptoms while the underlying physiologic abnor
mality has a chance to reverse over time.42 The 
reserpine dose is typically 0.75--D.OO mg per day. 
Theoretically, reserpine may be a better agent for 
TD than is tetrabenazine because although both 
drugs are presynaptic monoamine depletors. tetra
benazine also has DRBA properties. Although 
tetrabe nazi ne may successfully mask TD symp-

toms, the continued postsynaptic dopamine block
ade perpetuates the underl ying disease process. 
Tetrabenazine is also more difficult to use because 
it is not commerc ially available in the United 
States. It is possible to get the drug by contacting 
the company that produces it, and the dose is typ
ically 75-300 mg per day. The add ition of alpha
methyltyrosine (metyrosine or Demser, [ -4 g per 
day) to either of these agents can sometimes be 
beneficial. The use of the dopamine depletors is 
often limited by s ide effects of depression , 
hypotension, and parkinsonism. Other drugs with 
possible efficacy in the treatmen t of TD include 
dopaminergi.c agents such as bromocriptine. lev
adopa, or apomorphine, although these may exac
erbate psychosi s and should be used with caution . 
Seco nd-line treatment inc ludes noradrenergic 
antagonists such as propranolol , the GABA ago
ni st progabide, some calci um channel blockers 
(i.e., nifedipine, verapamil), vitami n E (1,600 IU 
per day), and c1onidine. Last, when TD is refrac
tory to other therapies and of disabling severity, 
reinstitution of standard neuroleptics improves TD 
in the majority of patients. However, patients need 
to be informed that such action virtually eliminates 
their chance for TD remission. 

Tard ive dystonia is usually more disabling and 
more difficult to treat than is classic TO; however, 
anticholinergics. dopamine-depleting agents.45 

c lozapine,46, 47 and local injections of botulinum 
toxin may be beneficial. The anticholinergic drugs 
often used are trihexyphenidyl (5-120 mg per day; 
average dose, 20 mg per day) or ethopropazine (50 
mg per day). Benzodiazepines and baclofen may 
also be helpful. Tardive akathisia is best treated with 
dopamine-depleting agents and does not respond 
well to the drugs used to treat acute akathisia. The 
painful oral and genital tardive syndromes respond 
to dopamine depletors. 

Prevention of ORBA-induced involuntary move
ments should be a priority for all clinicians. Unfor
tunately, these drugs are often used for inappropriate 
reasons or for longer than is medically necessary. 
For this reason, DRBAs should be prescribed only 
for conditions for which no alternative medicines 
are effective and should be used in the lowest thera
peutic doses for the shortest req uired time. 
Informed consent should always be provided when
ever a DRBA is prescribed, and thi s should be 
clearly documented in the medical record. Regard-



ing the treatment of chronic psychosis, clinicians 

should consider preferential use of the atypical neu

roleptics, given their lower incidence of neurologic 

complications, and routinely monitor patients for 

early signs of TD. 

Dopaminergic Drugs for Parkinson's Disease 

The abnormal movements that occur in untreated 

PD are resting tremor, dystonia, and akathisia. In 

particular, foot dystonia may be an early manifes

tation of the disease, especially in young patients. 

Once sy mptomatic treatment with levodopa is ini

tiated, patients often develop a variety of new 

abnormal movements (dyskinesias) that were not 

present in the untreated condition, such as 

choreoathetosis, dystonia, stereotyped movements, 

myoclonus, or akathisia. Nearly one-half of PD 

patients develop dyskinesias after 5 years of le

vodopa treatment.48 Young patients with PD (dis

ease onset before age 40) are particu larly 

vulnerable, with the incidence of dyskinesia being 

54.9%, 74.5 %, and 100% at I, 3, and 6 years of 

treatment, respectiveiy49 Although levodopa can 

produce dyskinesias in patients with other forms 

of parkinsonism such as multiple system atrophy 

(including striatonigral degeneration and olivo

pontocerebellar atrophy), a robust therapeuti c 

response to levodopa and the induction of dyski

nesias is highly suggestive of the diagnosis of PD. 

The physiologic requirement for the development 

of dyskinesia is repeated dosing of levodopa in the 

context of dopaminergi c denervation. One of the 

main reason s to consider dopamine agoni st 

monotherapy before use of Ievodopa in PD is that 

the agon ists only rarely produce dyskinesia with

out prior or concurrent exposure to levodopa. In a 

study by Lees and Stern, only 3% of patients on 

bromocriptine monotherapy for more than I year 

developed peak dose chorea compared with 65% 

of comparable patients taking maximally tolerated 

doses of levodopa.50 

Of the various levodopa-induced dyskinesi as, 

chorea is the most common, often beginning as 

subtle truncal rocking, head nodding, facia l gri

macing. or worm-like movements of the hand or 

foot. Over ti me more severe generalized chorea or 

ballistic movements may develop. Although dys

ton ia may affect any or all parts of the body, 
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painful foot inversion, plantar flexion , and curl

ing under of the toes (or toe extension) is a dis

tinct pattern seen in patients treated with chronic 

levodopa. Stereotypic movements can include 

kicking or a tendency to li ft one leg too high 

when walking, giving the appearance of a "hemi

goose-step march." These levodopa-induced dys

kinesias classically begin on the side of the body 

first affected by PD sy mptoms, suggesting that 

disease severity may be a factor in the genesis of 

these movements. 
In general, dyskinesias are not present all day 

but appear and disappear or fluctuate in severity in 

relation to cpnicaJ Jevodopa response. Levodopa 

response does not directly correlate with plasma 

Jevodopa level but rather with striatal dopamine 

concentration (which cannot be monitored). It is 

cri tical to determine when dyski nesia occurs in an 

individual pat ient and make medication adjust

ments accordingly. Patients and their spouses usually 

have to be taught how to make these observations so 

that they can report to the doctor the relation ship 

between levodopa dosing and the onset and duration 

of the dyskinesia. When the patient feel s that the 

levodopa has taken effect and PD symptoms and 

signs improve, he or she is having an "on" period. 

After a few hours of benefit, levodopa effect begins 

to lessen and the patient experiences "wearing off." 

When there is no levodopa effect, the pati ent is 

having an "off' period, with return of rest tremor 

and bradykinesia. 
Most dyskinesias occur at the maximum of the 

on period (peak-dose dyskinesia) or during wearing 

off (wearing-off dyskinesia). The most difficu lt to 

treat are the dyskinesias that occur as levodopa is 

taking effect and again when the effect is wearing 

off (biphasic dyskinesia). For example, peak-dose 

chorea may be remedied by reducing the levodopa 

dose and giving less drug more often or by chang

ing from a regular release to a controlled release 

preparation. If dystonia occurs during wearing off, a 

decrease in levodopa respon se should be pre

vented-for example, by giving the next scheduled 

dose sooner, increasi ng each dose of levodopa so 

that it will last longer, changing to a contro lled 

release preparation, or adding a dopamine agonist 

such as amantadine or deprenyJ. Off-period dysto

nia can be unbearably painful and may require use 

of dissolved levodopa, benzodiazepines, botulinum 

toxin injection, or c1ozapine, which appears to have 
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an antidyski netic effect. 51 When dys kinesia is 
severe, debilitating, and unresponsive to drug 
mani pul ations, consideration should be given to 
pallidotomy or thalamotomy52-54 

Levodopa-induced myoclonus is not as common 
as the other types of dyskinesia and is not linked to 
levodopa response fluctu ations. Myoclonus in PO 
patients typicall y begins after 1 year of levodopa 
treatment. The myoclonic je rks are usually bilat
eral and symmetric but can be unilateral. Because 
the myoclo nus occurs primarily during drowsiness 
or sleep, the main clinical complaint is sleep di s
rupti on of the patient or spouse. Myoclonus sever
ity increases with higher doses o f levodopa, and 
myoclonus improves when the levodopa dose is 
lowered. Anticholinergics, amantadine, and pro
p rano lo l have no influence on the myoc lonus 
whereas methysergide eliminates the myoc lonus. 
suggesting that serotonergic mechanisms may be 
contribu tory.55 

Akathisia may be a manifestation of either wear
ing off or as a peak-dose levodopa effect. This high
lights the fac t that levodopa fluctu ations are no t 
restric ted to motor phenomena, but a lso include 
transient sensory (e.g. , pain, numbness). autonomic 
(e.g., sweating, dyspnea, tachycardia, urinary fre
quency), and cognitive changes (e.g., depression, 
anxiety, panic, hypomania).56 

Di scussion of stimulant-induced movement dis
orders are covered in Chapter 22. 

Tricyclic Antidepressants, Monoamine 
Oxidase Inhibitors, and Lithium 

Tricyclic antidepressants commo nl y cause an 
ac tion tremor that is related to pl asma drug con
centra tion.57 Thi s tremor di sappears w ith dose 
reduction or drug discontinuation and lessens with 
propranoloL's Myoclonus occurs in up to 40% of 
patients taking therapeutic doses o f tri cyc lics.'9 
Although the movements are typicall y mild and not 
c linica lly sig nificant, 9% of patie nts may have 
more severe myoclonus requiring drug withdrawal . 
Desipramine-induced jaw myoclonu s and stutter
ing have been reported.60 Prominent cho rea and 
myoclonus can rarely occur in tricycl ic overdose 
and may be te mporarily re lieved by physos tig
mine.61 Amitripty line and doxepin have been 
reported (0 cause dystonia or tard ive-like move-

ments; however, these are considered uncommo n 
side effects of these drugs.62. 63 

Tremor or myoclonus may be occasional com
plications of monoamine oxidase inhibitors.64 The 
myoclonus is most pronounced during drowsiness 
or REM sleep and is frequently reported by the bed 
partner rather than by the patient.65 

Li thium is a well-recognized cause o f postural 
and action tremor, with a range of frequency of 3-15 
Hz. Tremor lessens with dose reduction or with the 
addition of low doses of propranolol ( 10-20 mg 
three times a day). Generali zed myoclo nu s com
monly occurs as part of lithium toxici ty in associa
tion with jerky eye movements and a reduced level 
of consciousness . The myoclo nus typically remits 
when lithium levels re turn to normal. If temporary 
symptomatic relief is required, cJonazepam or val
proate may be considered. Lithium may rarely cause 
parkinsonism,66 although the mechanism of this is 
uncertain. 

Antidepressants with Potent Serotonin 
Agonist Properties 

T he selective serotonin reuptake inhibitors (SSRls) 
differ from tricyclics because they block the reup
take of serotonin more th an the reuptake of nor
epinephrine and dopamine. The SS Rls include 
flu oxetine (Prozac), sertraline (Zoloft), flu voxa
mine (Luvox), paroxetine (Pax il), and citalopram. 
O f the tricyclics, clomi pramine (A nafranil) is one 
of the more selective serotonin uptake inhi bitors. 
However, the main metabolite of clomi pramine, 
desmethyl-chlorimipramine, primaril y blocks nor
epinephri ne uptake, and its pl as ma level o fte n 
exceeds that of the parent compound. For this rea
son, clomipramine is often referred to as a sero
tonin reuptake inhibitor. The SS Rls have become 
first-line agents for the treatmen t of depression 
g ive n their equal effi cacy to tricyclics and their 
fa vorable side-effect profil e . There are many 
reports suggesting that tile SSRls may cause abnor
mal movements such as dys toni a, chorea, parkin
sonism, akathisia, and bruxism. Although it is clear 
that these agents do have the potenti al to cause a 
variety of dyskinesias. in terpretation of the anec
dotal reports is limited by polypharmacy, frequent 
absence of drug rechallenge, lack of medication 
co mpliance mo nitoring, and lack of a cont ro l 



group. Many of the patients had recent or concur
rent exposure to neuroleptics when SSRIs were 
added. SSRls appear to potentiate the effects of 
neuroleptics . Because SSRls are often highly pro
tein bound , they may displace neuroleptics from 
their bi nding in plasma and increase the phys io
logic activity of the neuroleptics. The physiologic 
mechanism of SSRI-induced abnormal movements 
is unknown; however, there is some evidence that 
the SSRls reduce dopamine ac tivi ty in the basal 
ganglia. Studies suggest that serotonergic pathways 
exert a tonic inhibition of the dopaminergic sys
tems of the brain.67,68 Drugs th at increase sero
tonin activity. such as fluoxetine, can inhibit 
dopamine synthesis in the corpus striatum, nucleus 
accumbens, and frontal cortex as well as reduce 
homovanillic acid in the cerebrospinal fluid.69,70 

Increased serotonergic transmi ssion may inhibit 
nigrostriatal , tuberoinfundibul ar, and ventral 
tegmental projection dopaminergic neurons '?o, 71 In 
add iti on to these indirect actions on dopamine 
pathways, clomipramine may possess mild 
dopami ne receptor-blocking aClivity72 

Early experience wi th fluo xetine revealed that 
10- 15% of patients developed "anxiety, nervous
ness, and insomnia" as is wri tten on the package 
insert. It has been suggested that many of these 
patients were actually ex peri encing akathi sia, 
whi ch is considered to occur in 0.2-3.5% of 
patients taking f1uoxeti ne.73. 74 Akathisia can occur 
with doses as low as 5 mg per day,75 and symp
toms typically begin 12 hours to 7 days after start
in g the drug. Many pati en ts report that the 
sensation of restlessness and anxiety experie nced 
with tluoxetine is identical to that experienced pre
viously with neuroleptics, and this can be so intol
erable as to make a patient suicidal. It is possible 
that the increased suic ida l impul se observed in 
some patients taking flu oxetine may be due to 
akathisia76 The akathi s ia usuall y remits with 
drug discontinuation, dose reduction, or with the 
addition of lorazepam. Fluoxetine may also cause 
dystonia, parkinsonism, rabbi t syndrome, ble
pharospasm, or bruxism.77- 83 The dystonia may be 
acute, appearing in the first days of therapy or 
subac ute with onset after several weeks. Both 
lypes of dys tonia respond to anticholinergics or 
diphenhydramine . TO-like movements such as 
ora l fa c ial dy skines ia can appear, e spec ia lly 
whe n f1u oxetine is added to a neuroleptic,B4-S6 
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ra is ing the qu estion whethe r fluoxe tine can 
ca use latent TO to become clini call y apparent. 
Although fluoxetine-induced dyskines ias usually 
remit within day s of drug discontinuation, they 
may persist for up to 12 weeks in a manner sug
gest ive of TO. Another contributory facto r that 
may explain persistence of symptoms is the long 
physiologic e ffect of norfluoxetine, the ac ti ve 
metabolite of f1uoxetine that has a ha lf-life of 
7- 15 days. 

Sertraline has been reported to cause akathi sia, 
even at low doses of 25 mg per day, with onset of 
symptoms within 3 day s to 3.5 weeks87- 92 Symp
toms abate within 2 days to 1 week of stopping the 
drug. lnterestingly, one patient did not have 
akathisia with f1u oxetine but did so on subsequent 
exposure to sertraline. Fluvoxamine may cause 
reversible parkinsoni sm, jaw dystonia, oral-facial 
dyskinesia, akathi sia, or myoclonus at a dose of 
100-200 mg per day9 3- 97 Paroxetine has been 
reported to cause parkinsonism when added to tri
f1uoperazine9 " There is one description of a TO
like syndrome occurring with clomipramine 
treatment. 99 

If SSRls indirectly reduce brain dopamine 
activi ty, it is not surpri sing that they may cause 
increased motor disability in patients with PD who 
are treated for depression. The SSRls are theoreti
call y attractive agents for PO depression because 
serotonin deficiency may be involved in the patho
genesis of the disorder. 100 Although one retrospec
tive study indicated that f1uoxetin e is well 
tolerated in patients with PD,101 there are other 
reports that conclude that tremor, bradyk ines ia, 
and dexterity may worsen. 102 Deterioration of PO 
signs after the addition of serotonin precursors has 
been demonstrated. 103, 104 

Myoclonus has been described as a rare effect of 
buspirone.10S The anxiolytic effects of buspirone are 
mediated through serotonergic pathways, and this 
agent binds to the 5-HT 'A receptor. Buspirone has a 
co mplex pharmaco logic profile, possessi ng both 
partial antagonist and agonist effects at dopamine 
receptors, and is thought to modulate the ex~·apyra

midal system. 106• 107 The rare reports of buspirone
associated dystonia, 108, 109 akathisia, 110 and orofacial 
dyskinesia ll1 suggest that buspirone may possess 
atypical neuroleptic properties. 112 B uspirone may 
al so improve neuroleptic-induced akathi sia, l 13 
TD,'14 and levodopa-induced dyskines ia. 115, 116 
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Trazodone (Oesyrel) has been reported to cause 
atypical acute dystonia. 117 

Antiepileptic Drugs 

Cerebellar ataxi a is the most common movement 
disorder caused by antiepileptic drugs when blood 
levels are in the toxic range. A variety of hyperki
netic movements can occur in patients taking thera
peut ic or toxi c doses of antiepil epti cs. Patients 
receiving chronic valproic ac id therapy develop a 6-
to IS-Hz postural o r action tremor of the hands. 
There may be a resting component to the hand 
tremor; the head, neck, or trunk may also be 
affected. Valproate-induced tremor typica lly devel
ops after 1- I 2 months of therapy when doses 
exceed 750 mg per day; however, there is no close 
correla tion between tremor severity and plasma 
drug level. I IS. 119 Tremor improves with dose reduc
tion and resolves quickly on drug discontinuation. 
For patients who require continued treatment with 
valproate, propranolol (20- 100 mg per day) usuall y 
reduces tremor. Valproate-related chorea has been 
described in three children, all of whom had severe 
brain damage. 120 Parkinson ism may be an uncom
mon side effect of valproate. 121, 122 

It is well doc umented that phenytoin can cause 
a variety of involuntary movements at any stage of 
treatment, although the mechani sm is not under
stood. 123 Chorea is the most common manifesta
tion and may be assoc iated with orofac ial 
dyskinesia, dystonia, ballism, or asteri xis. Predi s
posing factors include static encephalopathy, prior 
dyskinesia (e.g. , Sydenham's chorea, TO), struc
tural brain abnormality, or neuroleptic treatment. 
If there is focal brain disease, the dyskinesia can 
be unilateral. More than half of the patients with 
phenyto in-in duced dyskin es ias have toxic drug 
leve ls. Free phenytoin leve ls are often elevated 
when the standard level is in the therapeutic range. 
The addition of phenobarbita l, valproic acid , or 
ethosuxi mide can increase the relative free frac
tion of phenytoin in the serum, causing a predis
posed individual to develop dyskinesia. Stopping 
the second agent results in resolution of dyskine
s ia, as will phenytoi n dose reduction or with
d rawal. The chorea or dystonia sometimes seen 
during parenteral loading with phenytoin for sta
tus ep il epti cus resolves as plasma levels drop. 

Phenyto in has been reported to cause parkinson
ism on rare occasion. 124, 125 

Carbamazepine appears to have some dopamin
ergic properties that may explain why this drug may 
cause chorea, dystonia, asterixis, akathisia, tic dis
order exacerbation, and de novo ticS.126-130 Etho
suximide may cause akathi sia, limb chorea, 
orofacial dyskinesia. and tongue protrusion early in 
the course of therapy, often 12 hours after ingestion 
of the first dose, that is relieved by intravenous 
diphenhydrami ne. This is considered a rare idi o
syncratic adverse effect of ethosux imide that remits 
wi th drug withdrawal. 13l , 132 Chorea and dystonia 
may be rare manifestations of phenobarbital toxic
ity.1 33 Gabapenti n may cau se mu scle twitching, 
chorea, or oculogyri c crisis.134 Lamotrigi ne has 
been re ported to cause severe tremor in three 
patients who were also taking valproate. 135 

Oral Contraceptives 

Chorea occasionall y appears in women when they 
are exposed to higher than normal levels of female 
sex hormones such as during pregnancy (chorea 
gravidarum) or when taking oral contraceptives. 
Although both progesterone and estrogen may be 
responsible for the emergence of chorea, it has 
been suggested that estrogen may be the more 
important culprit. 136 Contraceptive-induced chorea 
usuall y begins within 4 months of starting the 
agent but the onset can be de layed for up to 3 
years. 137 Chorea can be bilateral or unila teral and 
always resolves with in 1 month of drug di scontin
uation . In most instances, there is a history of prior 
Sydenham's cho rea or rheumatic fever. h is gen
erall y beli eved that hormone-induced chorea 
occurs in women who have had pri o r striatal 
injury, even though this may not have been clini
cally apparent. All patients should be eval uated for 
rheumatic fever. However, serologic study results 
documenting exposure to beta-hemolytic strepto
coccus are posit ive only if the patient has had 
recent streptococcal infection. A cardiac examina
tion is indicated to look for rheumati c valve dj s
ease, and echocard iography should be considered. 
Guidelines for the use of prophylactic penicillin in 
rheumatic fever have been cl early outlined. 138 

New-onset chorea may be a manifestation of sys
temic lupus erythematosus or other coll agen vas-



cular disease, anticardiolipin-antibody syndrome, 
Huntington's disease, cerebral infarction, hyper
thyroidism, and polycythemia rubra vera, all of 
which need to be excluded. 

Conclusion 

Prescription drugs can potentially cause a variety 
of involuntary movements such as tremor, parkin
sonism, chorea, dystonia, myoclonus, and tics. The 
most important culprits of drug- induced move
ment disorders are the neuroleptics (DRBAs). 
Such agents should be used only after informed 
consent with full disclosure of the potential side 
effects (unless required for management of acute 
psychosis). The reversible side effects of neu 
roleptics include acute akathisia, acute dystonia, 
NMS, and parkinsonism. TD syndromes . are 
often permanent sequelae of long-term neurolep
tic exposure. The new atypical neuroleptics such 
as clozapine, oianzapine, and risperidone are sig
nificantly less likely to cause extrapyramidal 
effects. 

Treatment of PD with dopaminergic drugs is 
frequently associated with development of chore
atic movements that tend to occur at times of peak 
levodopa effect. Tricyclic antidepressants, MAO 
inhibitors, and lithium may cause a dose-related 
hand tremor. The myoclonus reported from tri
cyclics is usually not clinically bothersome. SSRls 
may cause a variety of involuntary movements as 
well as akathisia. Because most patients with 
SSRI-associated abnormal movements have recent 
or concurrent neuroleptic exposure, it may be that 
neuroleptics increase striatal sensitivity to SSRI 
effects or that SSRls displace neuroleptics from 
protein binding sites and thereby increase the phys
iologic effects of the neuroleptic agent. Buspirone 
has complex and poorly understood effects on the 
dopaminergic system and can sometimes cause 
dystonia. chorea, or akathisia. Of the antiepileptic 
agents, phenytoin, carbarnazepine, ethosuximide, 
and possibly gabapentin may cause chorea, espe
cially in patients with prior brain injury or in 
patients taking more than one antiepileptic drug. 
Valproate frequently causes a postural and action 
hand tremor that remits with dose reduction or by 
the addition of low-dose propranolol. Higher than 
normal levels of fema le sex hormone (especially 
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estrogen) may cause chorea, especially in women 
with prior striatal insult. 

The vast majority of drug-induced movement 
disorders remit with dose reduction or drug discon
tinuation, with the exception of some of the perma
nent tardive syndromes. A thorough drug history 
should be performed on all patients who present 
with abnormal movements. Even if the abnormal 
movement is not a documented adverse effect, one 
needs to be open minded to such a possibility. 
When there exists a temporaJ relationship between 
drug exposure and onset of new symptoms, one 
should attempt dose reduction and if necessary drug 
withdrawal (~nd even drug rechallenge when it is 
safe to do so) to determine if such a relationship 
exists. In addition to refefencing well-recognized 
drug-induced movement disorders, a number of 
case reports were incl uded. Although singJe case 
reports often lack scientific rigor and are not peer 
reviewed, they may alert physicians to possible drug 
effects not previously recognized and may prompt 
prospective controlled studies to determine the 
validity of such observations. 

References 

I. Garver DL, Davis JM, Dekirmenj ian H, et al. Dystonic 
reactions following neuroleptics: time course and pro
posed mechanisms. Psychopharmacology 1976;47: 199. 

2. Keepers GA, Clappison V J, Casey DE. Initial anti
chol inergic prophylaxis for neuroleptic-induced extra
pyramidal syndromes. Arch Gen Psychiatry 1983; 
40:1113. 

3. Swett C. Drug-induced dystonia. Am J Psychiatry 
1975;132:532. 

4. Hegarty AM, Lipton RE, Merriam AE, et a1. Cocaine 
as a risk factor for acute dystonic reactions. Neurology 
1991;4l:l670. 

5. Meltzer HY. Pre-clinical pharmacology of atypical 
antipsychotic drugs: a selective review. Br J Psychiatry 
1996;168(SuppI29):23. 

6. Alvir JMJ, Lieberman JA, Safferman AZ, et a1. Cloza
pine-induced agranulocytosis. N Engl J Med 1993; 
329: l62. 

7. Dave M. Tardive oculogyric crisis with c10zapine [let
ter]. J Clin Psychiatry 1994;55:264. 

8. Kastrup 0, Gastpar M, Schwarz M. Acute dystonia due 
to clozapine [letter]. J Neural Neuros urg Psychiatry 
1994;57:119. 

9. Christensen AV. Fjalland B, M~ller Nielsen 1. On the 
supersensitivity of dopamine receptors induced by neu
ro1eptics. Psychophamlacology 1976;48: 1. 

10. Burg FD, lngelfinger JR, Wald ER (eds) . Gellis and 



228 IATROGENIC NEUROLOGY 

Kagen's Current Pedi atric Therapy ( 14th cd). Phi ladel
phia: Saunders, 1993;706. 

11 . Va n Putten T, May PRA, Marder SR . Akalhi sia wi th 
haloperi do l and thiothix ine. Arch Gen Psychiatry 
1984 ;4 1: I 036. 

12. Marsden CD, Jenner P. The pa thophysiology of 
ex trapyramidal side-effects of neuroleptic drugs. Psy
chol Med 1980; I 0:55. 

13. Pope HG Jr, Ked PE Jr, McElroy SL. Frequency and 
presentation of neuroleptic malignant syndrome in a large 
psychiatric hospital. Am J Psychi <ltry 1986; 143: 1227. 

14. Weller M, Kornhuber J. Does c lozapine cause ncu
rolepti c ma li gnant syndrome [letter]? J Clin Psychiatry 
1993;54:2:70. 

15. Webster P, Wijeratne C. Rispcridone-induced neurolep
tic malignant syndrome [Icuer]. Lancet 1994;344: 1228. 

16. Burke RE, Fahn S, Mayeux R, et a l. Neuroleptic malig
nam syndrome caused by dopamine-depleting drugs in 
a pa tien t with Hu ntington d isease. Neu rology 
198 1;3 1:1022. 

17. Mateo D, Mu noz-Blanco JL, Gimenez-Roldan S. Neu
rolept ic malignant syndrome re lated to tetrabenazi~e 
introduction and haloperidol discontinuation in Hunt
ington's disease. Cljn Neuropharmaco l 1992; 15:63. 

18. Ossemann M, Si ndic Cl M, Latcrre C. Tetrabenazine as 
a cause o f neuroleptic malignant syndrome [communi
cation]. Mov Oisord 1996; II :95. 

19. Addon izio G, Susman VL, Roth SO. Neuro leptic 
mali gnant syndrome: review and analysis of 115 cases. 
Bioi Psychiatry 1987;22: I 004. 

20. Granato JE, Stern BJ , Ringel A, et a l. Neurol eptic 
malignant syndrome: successful treatment with dantro
lenc and bromocripti ne. Ann Neurol 1983; 14:89. 

2 1. Albanese A, Colosimo C, Benli voglio AR, e t a1. Unsus
pected, surrept itious drug- induced parki nsonism. Neu
rology 1992;42:459. 

22. Kane JM, Smith 1M. Tardive dyskinesia. Arch Gen Psy
chiatry 1982;39:473. 

23 . Sa ltz BL, Woerner MG, Kane JM, e t a l. Prospecti ve 
study o f tardi ve dys kines ia incidence in the elderly. 
lAMA 199 1 ;266:2402. 

24. Yassa R, Jeste OV Gender di fferences in tardive dyski
nesia: a critical review of the lite rature. Schi zophr Bull 
1992;18:701. 

25. Kane JM. Woerner M, Borenstein M, et al. Integrating 
incidence and preva lence of tardive dyskinesia. Psy
chopharmacol Bull ]986;22:254. 

26. Jeste DV, Cali giuri MP, Pau lsen JS, et al. Ri sk of tar
dive dyskinesia in older patients. Arch Gen Psychatry 
1995;52:756. 

27. Wolf DV, Wagner KD. Tardive dyski nesia, tardivedysto~ 

nia, and tardive Toureue's syndrome in children and ado
lescents. J Chi ld Adolesc Psychopharnlacol 1993;3: 175. 

28. de Leon J, Moral L, Camufias C. Clozapine and jaw dys
ki nesia: a case report. 1 Clin Psychiatry 199 1 ;52: 12:494. 

29. Kane JM, Woerner MG, Pollack S, el al. Does clozapine 
cause tardive dyskinesia? J Clin Psychiatry 1993;54:327. 

30. Addi ngton DE, Toews JA, Addi ngton JM. Ri speridonc 
and tardive dyski nesia: a case repolt [letter]. J Clin Psy
chiatry 1995;56:484. 

31. Woerner MG, Shei tman BS, Lieberman l A, et al. Tar
dive dyskinesia induced by ri speridone [Ieuer]? Am J 
Psychiatry 1996; 153:843. 

32. Wijera tne C, Webster P. Risperidone-ind uced tardi ve 
dyskinesia [Ietterl. Am J Psychiatry 1996; 153:734. 

33. Fahn S. The tardive syndromes: phenomenology, con
cepts on pathophysiology, and treatment. Mov Disord 
1992;7(Suppl 1):7. 

34. Lohr JB , Ku czenski R, Bracha HS, el a l. Increased 
indices of free rad ica l activity in the cerebrospinal flu id 
of pati ents with ta rd ive dys kines ia. Bioi Psychiatry 
1990 ;28:535. 

35. Pall HS, Willi ams AC, Blake DR, et a l. Evidence o f 
e nha nced lipid pe roxidatio n in the ce reb rospina l 
flu id o f pati e nts ta kin g phe noth iazines. La ncet 
1987;2:596. 

36. Munetz MR. Akathis ia va ri ants and tardive dyskinesia 
[letter] . Arch Gen Psychi atry 1986;43 : 101 5. 

37. Chengappa KNR, Shelton MD, Baker RW, et a l. The 
preval ence o f akathi sia in pati ents receiving stable 
doses of c1ozapine. J Clin Psychiatry 1994;55: 142. 

38. Safferman AZ, Lieberman JA, Pollack S, e t a l. Cloza
pine and akathisia [Ieuer]. Bioi Psychiatry 1992;31 :753. 

39. Ford B, Greene P, Fahn S. Oral and genital tardive pain 
syndromes. Neurology 1994;44:2 115. 

40. Glazer WM, Morgenstern H. Predictors of occurrence, 
severity, and course of tardive dyskinesia in an outpatient 
popUlation . J Clin PsychophannacoI1988;8;(Suppl): lOS. 

4 1. Kl awans HL, Tanner CM, Barr A. The reversibility of 
"permanent" tard ive dyskinesia. Clin Neurophannacol 
1984;7 : 153. 

42. Fahn S. A therapeu tic approach to tardive dys kinesia . J 
Cli n Psychi atry 1985;46: 19. 

43. Vagi G, Itoh H. A 10-year fo llow-up study o f tardive 
dyskinesia-with special reference to the influence of 
neuroleptic admini stration on the long-tenn prognosis. 
Kcio.l Med 1985;34:2 11. 

44. Small JG, Mil stein V, Marhenke JD, et a l. Treatment 
outcome with clozapinc in tardi ve dyskinesia, neu
roieptic sensiti vi ty, and treatment-resistant psychos is. J 
Clin Psychiatry 1987;48:263. 

45. Kang Ul , Burke RE, Fahn S. Natu ral history and treat
ment of tardive dystoni a. Mov Disord 1986; 1: 193. 

46. Friedman lH . C lozapine treatment of psychos is in 
patients with tard ive dystonia: report o f three cases. 
Mov Disord 1994;9:32 1. 

47. Lam berti JS , Belln ier T. Clozapine and tardive dysto
nia [l euer]. J Nerv Mellt Dis 1993; 18 1:137. 

48. Sweet RD, McDowell FH. Five years' treatment of 
Parkinson's disease with levooop.,l: therapeutic result'S and 
sUlvival of 100 patients. Ann Intern Med 1975;83:456. 

49. Qui nn N, Critchl ey P, Marsden CD . Young o nset 
Parki nson's disease. Mov Disord 1987;2:73. 

50. Lees Al, Stem GM . Sustained bromocriptine therapy in 



previously untreated patients with Parkinson's di sease. 
J Neurol Neurosurg Psychiatry 1981 ;44: I 020. 

51. Benncit JP, Landow ER , Schuh LA. Suppress ion of 
dyskinesias in advanced Parkinson 's di sease. Neurol
ogy 1993;43: 1551. 

52. Laitinen LV, Bergenheim AT, Hari z MI. Leksell's pos
teroventra! pal1idotomy in the treatment of Parkinson 's 
disease. J Neurosurg 1992;76:53. 

53. Dogali M, Fazzini E, Kolodny E, e t al. Stereotactic ven
tral pa llidoto my for Parkinson's d isease. Neurology 
1995;45:753. 

54. Narabayas hi H, Yokochi F, Na kaj ima Y. Levodopa
induced dyskinesia and thalamotomy. J Neuro l Neuro
surg Psychi atry 1984;47:831. 

55. Klawans HL, Carvey PM, Tanne r CM, et al. Drug
Induced Myoclonus. Tn S Fahn , CD Marsden, Van M 
Woert (eds), Advances in Ne urology Series, Vol 43: 
Myoc lonus. New York: Raven, 1986;251. 

56. Ri ley DE, Lang AE. The spectrum o f levodopa-related 
nuctuatio ns in Parkinson's di sease. Neurology 
1993 ;43: 1459. 

57 . Ne lson JC, Jatlow PI , Quinlan DM. Subjective com~ 

plainls during desipramine treatment. Arch Gen Psy
chiatry 1984;41 :55. 

58. Kronfo l Z, Greden lF, Atha nos ios PZ. Imipramine
induced trclllor: effects of a beta-adrenergic blocking 
agent. J Clin Psychiatry 1983;44:225. 

59. Garvey Ml, Tollefson GD. Occurrence of myoclonus in 
patients treated with cyclic antidepressants. Arch Gen 
Psychiatry 1987;44:269. 

60. Masand P. Des ipramine-ind uced oral-pharyngeal dis
turbances: stuttering and jaw myoclonus [letter]. J Clin 
Psychopharmaco! 1992; 12:444. 

61. Burks JS, Wal ker IE, Rumac k BH , AU lE. Tricyclic 
antidepressant po ison ing; reversa l of coma, choreo
athetosis, and myoclonus by physos ti g mi ne. JAM A 
1974;230: 1405. 

62. Lee HK. Dystonic reactions to amitriptyline and dox
epin [letter]. Am .I Psychiatry 1988; 145:649. 

63. Yassa R, Camille Y, Belzil e L Tardive dYSkinesia in the 
course of antidepressant therapy: a preva lence study 
and review of the literature. J Clin Psychopharmacol
ogy 1987;7:243. 

64. Goldberg Lt. Monoamine oxidase inh ibi to rs. l AMA 
1964; 190:456. 

65. Lieberman lA , Kanc .1M, Reife R. Neuromuscular 
Effects of Monoamine Oxidase Inhibitors. In S Fahn, CD 
Marsden, M Van Woert (eds), Advances in Neurology 
Series, Vol 43: Myoclonus. New York: Raven, 1986;231. 

66. Lang AE. Lithium and parkinsonism [leiter]. Ann Neu
roI 1984;15:2 14. 

67. Costall B, Fortune DH, Naylor RJ , et a1. Sero{onergic 
involvement with neuroleptic catalepsy. Neuropharma
cology 1975; 14;859. 

68. Carter e J, Pycock CJ. Possib le importance of 5-
hydroxytryptamine in neuroleptic- induced catalepsy in 
rats. Br J Phannacol 1 977;60:267P. 

Drug-Induced Movement Disorders 229 

69. Baldessarini RJ , Marsh E. Fluoxetine and side effects 
[Ielter]. Arch Gen Psychiatry 1990;47: 191. 

70. Meltzer HY, Young M, Metz J, et al. Extrapyramidal 
side effec ts and increased serum prolactin Following 
fluoxetine , a new antidepressant. J Neural Transm 
1979;45:165. 

7 1. Lipinski lF, MaUya G, Zimmerman P, et al. Fluoxetine
induced akathisia: clinical and theoretical implicati ons. 
J Cl in Psychiatry 1989;50:339. 

72. Austin LS, Lydiard RB. Ballenger Je. et al. Dopami ne 
blocking activity of clomipramine in patie nts wit h 
obsess ive-compuls ive di so rder. Bioi Psych iatry 
199 1;30:225. 

73. Teicher MH, Glod C, Cole JO. Emergence o f intense 
suicidal preoccupation during fluoxe[ine treatment Am 
J Psychiatry 1990;147:207. 

74. Rot hschild A I , Locke CA. Reexposure to fluoxetine 
after serious suicide attempts by three patients: the role 
of akathi sia. J Cli n Psychiatry 1991 ;52:491. 

75. Hamilton MS, Opler LA. Akathisia, suicidal ity and nu
oxetinc. J Clin Psychiatry 1992;53 :401. 

76. Wirshing WC, Putten TV, Rosenberg 1, et al. Fluoxe
tine, akathisia, and suicidality: is there a causal connec
tion [letter]? Arch Gen Psychiatry 1992;49:580. 

77. Tate JL. Extrapyramida l symptoms in a patient taking 
haloperido l and fluoxeti ne [letter]. Am 1 Psychiatry 
1989; 146:399. 

78. Bouchard RH, Pourcher E, Vincent P. Fluoxetine and 
ex trapyramidal side effects [l eller]. Am J Psychiatry 
1989; 146: 1352. 

79. Brod TM. Fluoxetine and ex trapyramidal side effec ts 
[Ietler]. Am J Psychiatry 1989; 146: 1353. 

80. Reccoppa L, Welch WA, Ware MR. Acute dystonia and 
fluoxeline [letter] . J Cl in Psychiatry 1990;5 1 :487. 

81. Black B, Uhde TW. Acute dystonia and fluoxetine [Jet
ter] . J Clin Psychiatry 1992;53:327. 

82. Dave M. Fluoxetine-associated dystonia [letter]. Am 1 
Psychiatry 1994;151:149. 

83. Fallon BA, Liebowitz MR . Fluoxetine and ex trapy ra
midal symptoms in CNS lupus [letter]. J Clin Psy
chophannacoI199 1;11:147. 

84. Ste in MH. Tardive dysk ines ia in a patient laking 
haloperidol and nuoxet ine [letter]. Am J Psychiat ry 
1991; 148:683. 

85. Budman CL, Bruun RD. Persistent dyskines ia in a 
patient receiving nuoxetine [letter]. Am J Psychiatry 
1991;148:1403. 

86. Stoukides l A, Stoukides CA. Ex trapyram idal symp
toms upon discontinualion of nuoxeline [letter]. Am J 
Psychiatry 199 1;148: 1263. 

87. LaPorta LD. Sertraline-induced akathisia [Ieuer]. J Cl in 
Psychophannacol 1993; 13:2 19. 

88. Klee B, Kronig MH . Case report of probable sertra
line-induced aka thi s ia [le tter]. Am J Psychiatry 
1993; 150:986. 

89. Seule EC. Akathisia and sertraline [letter]. J Cli n Psy
chi atry 1993;54:321. 



230 IATROGENIC NEUROLOG Y 

90. Shihabuddin L, Rapport D. Sertraline and extrapyrami
dal side effects [letter]. Am J Psychiatry 1994;151:288. 

91. Dpler LA. Sertraline and akathisia [letter]. Am J Psy
chiatry 1994; 15 1 :620. 

92. Altshuler LL, Pierre JM, Wirshing WS, et al. Sertra
line and akathisia [letter]. J Cl io Psychopharmacol 
1994; 14:278. 

93. Wils V. Extrapyramidal sy mptoms in a patient treated 
with fluvoxamine [letter]. J Neural Neurosurg Psychia
try 1992;55:330. 

94. George MS, Trimble MR. Dystonic reaction associated 
with flu voxamine [letter]. J Clio Psychopharmacol 
1993;13:220. 

95. Arya OK, Szabadi E. Dyskinesia associated with flu
voxamine [letter], J Clio Psychopharmacol 1993; 13:365. 

96. Baldwin D, Fineberg N, Montgomery S . Fluoxetine, 
f1u voxamine and extrapyramida l tract disorders . lnt 
Clin Psychopharmaco! 1991 ;6:51. 

97. Bauer M. Severe myoclonus produced by flu vox amine 
[letter]. Am J Psychiatry 1995;56:589. 

98. Nicholson SD. Extra pyramidal side effects associated 
with paroxetine. West of England Medica l Journal 
1992;7:90. 

99. Gersten SP. Tardive dyskines ia-like syndromes with 
clomipramine. Am J Psychiatry 1993;150: l65. 

100. Mayeux R, Stern Y, Williams JBW, et al. Clin ical and 
biochemical features of depression in Paripnson's dis
ease. Am J Psychiatry 1986; 143:756. 

10 1. Caley CF, Friedman JH. Does tluoxetine exacerbate 
Parkinson's disease? J C lin Psychiatry 1992;53;278. 

102. Janse n Steur ENH. Increase in Parkinson disability 
after tluoxetine medication. Neurology 1993;43:211. 

103. Chase TN, Ng LKY, Watanabe AM. Parkinson 's dis
ease modification by 5-hydroxtryptophan . Neurology 
1972;22:479. 

104. Hall CD, Weiss EA, Morris CE, et a1. Rapid deteri
oration in patient s w ith parkinsonism following 
tryptophan-pyridoxine administration. Ne urology 
1972;22:231. 

105. Ritchie Ee, Bridenbaugh RH, Jabbari B. Acute gener
alized myoclonus following buspirone administration. 
J Clin Psychiatry 1988;49:242. 

106. McMillan BA. Comparative chronic effects of bus
pirone or neuroleptics on ral brain dopaminergic neu
rotransmission. J Neural Transm 1985;64: I . 

107. Cimino M, Ponzio F, Achilli G, et al. Dopaminergic 
effects of buspirone, a novel anxiolytic agent. Biochem 
Pharmacol 1983;32: 1069. 

108. Boylan K. Persistent dyston ia associated with bus
pirone. Neurology 1990;40:1904. 

109. LeWitt PA, Walters A, Henin g W, et al. Persistent 
movement disorders induced by buspirone. Mov Dis
o,d 1993;8:33 I. 

110. Patterson JF. Akathisia associated with buspirone [let
ter]. J Clin Psychopharmacol 1988;8;296. 

I I I. Strauss A. Oral dyskinesia associated with buspirone use 
in an elderly woman. J Clin Psych iatry 1988;49;322. 

112. Wood PL, Nair NPV, Lal S, et al. Buspirone: a potential 
atypical neuroleptic. Life Sci 1983;33:269. 

113. D 'Mello DA, McNeil JA, Harris W. Buspirone sup
pression of neuroleptic-induced akathisia: multiple case 
reports [letter]. J C lin Psychopharmacol 1989;9: 151. 

114. Moss LE, Neppe VM, Drevets We. Busp irone in the 
treatment of tardive dyskinesia. J Clin Psychopharma
col 1993; 13 :204. 

11 5. Bonifati V, Fabrizio E, Cipriani R, et al. Buspirone in 
levodopa-induced dyskinesias. Clin Neuropharmaco! 
1994; I 7:73. 

116. Kleedorfer B, Lees AJ, Stern GM. Buspirone in the 
treatment of levodopa induced dyskinesias [letter]. J 
Neurol Neurosurg Psychiatry 1991 ;54:376. 

117. Kramer MS, Marcus DJ, DiFerdinando J , et al. Atypical 
acute dystonia associated with trazodone treatment [let
ter]. J C lin PsychopharmacoI1986;6: 117. 

118. Karas BJ, Wilder BJ , Hammond EJ, et al. Va lproate 
tremors. Neurology 1982;32:428. 

119. Hyman NM, Dennis PO, Sinclair KGA. Tremor due to 
sodi um valprome. Neurology 1979;29: I I 17. 

120. Lancman ME, Asco nape JJ , Penry JK. Choreiform 
movements associated with [he use of val proate. Arch 
NeuroI1994;51:702. 

12 1. Armon C, Shin C, Miller P, et al. Reversi ble parkinson
ism and cognitive impairment with chron ic valproate 
use . Neuro logy 1996;47;626. 

122. Alvarez-G6mez MJ, Vaamonde J, Narbona J, et al. Parkin
sonian syndrome in ch ildhood after sodium valproate 
administration. Clin Neurophannacol 1993; 16:451 . 

123. Harrison ME, Lyons GR, Landow ER. Phenytoin and 
dyskinesias: a report of two cases and review of the lit
erature. May Oisord 1993:8: 19. 

124. Gofii M, Jimenez M, Feijoo M. Parkinsonism induced 
by phenytoin [letter]. C lin NeurophannacoI1985;8:383. 

125. Prensky AL, DeVivo DC, Palkes H. Severe bradykine
si.a as a manifestation of toxicity to antiepileptic med
ications. J Pediatr 1971 ;78:700. 

126. Bimpong-Buta K, Froescher W. Carbamazepine
induced choreoathe toid dyskinesias [letter]. J Neurol 
Neurosurg Psychiatry 1982;45 :560. 

127. Critchley EMR, Phillips M. Unusual idiosyncratic reac
tions to carbamazepine [lc lter]. J Neurol Neuros urg 
Psychiat,y 1988;5 1: 1238. 

128. Joyce RP, Gunderson CH. Carbamazepine-induced oro
facial dyskinesia. Neurology 1980;30; 1333. 

129. Jacome OJ. Movement disorder ind uced by car
bamazepine [letter]. Neurology 198 1 ;3 1: 1059. 

130. Kur ian R, Kersun I , Behr J, et al. Carbamazepine
induced tics. Clin Neuropharmacol 1989; 12:298. 

131. Ehyai A, Kilroy AW, Feni chel GM. Dyskinesia and 
akathisia induced by ethos uximide [letter]. Am J Dis 
Chi ld 1978; 132:527. 

132. Kirschberg GJ. Dyskinesia-an unusual reaction to etho
suximide. Arch Neural 1975;32: 137. 

133. Lightman SL. Phenobarbital dyskines ia. Postgrad Med 
J 1978;54: 114. 



134. Reeves AL, So EL, Sharbrough FW, el al. Movement 
disorders associated with the use of gabapentin . Epilep
s;a 1996;37:988. 

135. Reutens DC, Duncan JS, Palsaios PN. Disabling Iremor 
after lamolrigine with va lproate Il euer]. Lancet 
1993;342:185. 

136. Pulsinell i WA, Hamill RW. Chorea complicating oral 
contraceptive therapy: case report and rev iew of the lit
erature. Am J Med 1978;65:557. 

137. Leys D, DeslceA, Peli t H, e! al. Chorea associated with 
oral contraception. J Neurol 1987;235:46. 

138. Dajani A. Taubert K. Fenieri P, et al. Treatment of acute 
streptococcal pharyngiti s and prevention of rheumatic 
fever: a statement for health professionals. Pediatrics 
1995;96:758. 

139. Bateman DN, Bevan P, Longley BP, et al. Cimetidi ne 
induced postural and action tremor fJetter]. J Neural 
Neurosurg Psychiatry 1981 ;44:94. 

140. Ol ive JM, Masana L, Gonzalez J. Meperi di ne and 
reversible parkinsonism [communication]. Mov Disord 
1994;9: 11 5. 

141. Daniel JR, Mauro VP. Extrapy ramidal symptoms asso- . 
ciated with calc ium channel blockers. Ann Pharma
cother 1995;29:73. 

142. Nakashima K, Shimoda M, Kuno N, et al. Temporary 
symptom worsening caused by manid ipine hydrochlo
ride in twO patients with Parkinson's disease [comrn~
nicationl. Mov Disord 1994;9: 106. 

143. Sampere AP, Duarte J, Cabezas C, et al. Parkinsonism 
induced by amlodipine [communication]. Mov Disord 
1995;10: 11 5. 

144. Krauss JK, Mohadjer M, Wakhloo AK, et al. Dystonia 
and akinesia due to pallidoputaminallesions after disul
fi ram intoxication. Mov Disord 1991 ;6: 166. 

145. Montagna p. Gabellini AS, Monari L, el al. Parkinson
ian syndrome after long-term treatment with clebopride 
[communication] . Mov Disord 1992;7:89. 

146. Sampere AP, Duarte J, Palomares JM, et al. Parkinson
ism and tardive dyskinesia after chronic use 
of clebopride [communication]. Mov Disord 1994;9: 114. 

147. Mint z V, Liberman VA, de Vries A. Parkin sonian 
sy nd ro me due to cepha lo ridine [Jetter]. JAM A 
1971;2 16: 1200. 

148. Fisher JF, Dewald J. Parkinsonism associated with 
intraventricular amphoteri cin B. J An timicrobial 
ChemOlher 1983; 12:97. 

149. Ejima A, Imamura T, Nakamura S. Manganese intoxi
cation during total parenteral nutrit ion [l etter]. Lancet 
1992;339:426. 

ISO. Nomoto M, Thompson PD, Sheehy MP, et al. Anti
cholinergic- induced chorea in the treatment of focal 
dystoni a. Mov Disord 1987;2:53. 

151. Kushner MJ. Chorea and cimetidine [letter]. Ann Intern 
Med 1982;96: 126. 

Drug-Induced Movement Disorders 231 

152. Cambarros 0 , Fabrega E, Polo 1M, et al. Cyclosporin
induced chorea after liver transplantation for Wi lson's 
disease. Ann Neurol 1993;33: 108. 

153. Stuart AM, Worley LM , Spi ll ane J. Choreiform move
ments observed in an 8-year-o ld child following use of 
an oral theo phylline preparation. Clin Pedialr 
1992;3 1 :692. 

154. MartInez-Martin P. Trans ient dyskinesia induced by 
cJebopride [communicati on]. Mov Disord 1993:8: 125. 

155. Tilzey A, Heptonstall J, Hamblin T. Toxic confusional 
state and choreiform movements after trealment with 
anaboli c steroids. 8MJ 1981;283:349. 

156. Peters HA. Lithium intox ication producing chorea 
at hetosis with recovery. Wis Med J 1949;Decem
ber: I 075. 

157. Linazasoro G, MartI Mass6 JF, Olasagasti B. Acute 
dystonia induced by sulpiride. Clin Neuropharmacol 
1991 ;14:463. 

158. Bonuccclli V, NocchieroA, Napoli tano A, et al. Dom
peridone-induced acute dystonia and polycystic ovary 
syndrome. Mov Disord 199 1 ;6:79. 

159. Burke RE, Reches A, Traub MM, et al. Tetrabenazi ne 
induces acute dys tonic rcactions. Ann Neurol 
1985; 17:200. 

160. Olabode Aki ndele M, Odej ide AO. Amodiaquine
induced involuntary movements. 8MJ 1976;24:214. 

161. Vmcz-Eroni ni EM, Eronini EA. Chloroquine induced 
involuntary movements. 8MJ 1977;9:945. 

162. Etzel JY. Diphenhydram ine-induced acu te dys tonia. 
Pharmacotherapy 1994; 14:492. 

163. Petzinger G, Mayer SA, Przedborsk i S. Fentany l
induced dyskinesias [communication]. Mov Disord 
1995;10:679. 

164. de Mari M, De Blasi R, Lamberti P, el aL Unilateral 
pall idal lesion after acute di sulfi ram in tox icat ion: a 
clini ca l and magnet ic resonance study [communica
tion]. Mov Disord 1993;8:247. 

165. Stolarek IH, Ford MJ . Acute dysto nia induced by mi
dazo lam and aboli shed by numazenil [letter]. 8MJ 
1990;300:614. 

166. Halperin JR, Murphy B. Extrapyramidal reac tion to 
ondansetron. Cancer 1992;69: 1275. 

167. Gordon MF, Abrams RI, Rubin DB, et a!. Bismuth 
subsalicyclate toxicity as a cause of prolonged 
encephalopath y wi th myoclonus. Mov Disord 1995; 
10:220. 

168. Martin M, Diaz-Rubio E, Casado A, et al. Prednimus
tine-induced myoclonus-a rep0l1 of three cases [let
ter]. Acta Oncologica 1994;33:8 1. 

169. Chua TP, Farrell T, Lipkin DP. Myoclonus assoc iated 
with propafenone [letter]. 8MJ 1994;308: 113. 


