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Tardive dyskinesia (TD) is a syndrome of abnormal involuntary movements that follows treatment with dopamine 
D2-receptor antagonists. Recent approval of vesicular monoamine transporter-2 (VMAT2) inhibitors offers hope for re-
ducing the impact of TD. Although these drugs represent a significant advance in patient care and a practical step 
forward in providing relief for patients with TD, understanding of the pharmacology of TD that could inform future 
research to prevent and reverse TD remains incomplete. This review surveys evidence for the effectiveness of VMAT2 
inhibitors and other agents in the context of theories of pathogenesis of TD. In patients for whom VMAT2 inhibitors 
are ineffective or intolerable, as well as for extending therapeutic options and insights regarding underlying mechanisms, 
a review of clinical trial results examined as experimental tests of etiologic hypotheses is worthwhile. There are still 
compelling reasons for further investigations of the pharmacology of TD, which could generate alternative preventive 
and potentially curative treatments. Finally, benefits from novel drugs are best realized within an overall treatment strat-
egy addressing the condition and needs of individual patients.
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INTRODUCTION

Tardive dyskinesia (TD) is an involuntary movement 
disorder associated with dopamine-receptor antagonists, 
most often antipsychotic drugs [1-4]. TD is characterized 
by repetitive polymorphous movements that are com-
monly observed in the orofacial region but can also affect 
the neck, trunk, and extremities. TD is often delayed in 
onset, suppressed by ongoing dopamine-receptor antago-
nist treatment, and potentially irreversible. 

Until recently, limited understanding of the neuro-
biology of TD and disappointing attempts at treatment led 
to relative neglect. However, TD remains relevant in clin-
ical practice for several reasons. The prevalence of TD 
among patients receiving antipsychotics is estimated to be 
20−30%, and even higher among the elderly [5]. Newer 

antipsychotics are less likely to cause TD but the risk is 
still significant [6,7]. The absolute number of people at 
risk of TD may be growing due to expanding indications 
and off-label prescribing of antipsychotics [8-11]. While 
recent studies confirm the impact of TD on quality of life 
that was often overlooked in the past [12,13], effective 
treatment of TD using vesicular monoamine transporter-2 
inhibitors (VMAT2s) is now available [14,15]. Finally, re-
search into the pharmacology underlying TD may shed 
light on basal ganglia organization and function. 

Specific treatments for TD are best prescribed within a 
comprehensive management strategy including preven-
tive screening for early signs, differential diagnosis, and 
informed discussion with patients and caregivers (Table 1) 
[1,16-20]. Numerous agents have been tested as treat-
ments for TD based on competing theories of pathophysi-
ology [21-26]. The statistical designs of these clinical trials 
have been extensively reviewed [18,26-32]. Unfortunately, 
most trials have been methodologically flawed such that 
questions on the effectiveness of many agents and the validity 
of the underlying theories remain unresolved (Table 2). 

By comparison, recent clinical trials of VMAT2 inhibitors 
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Table 1. Summary of proposed stepwise treatment algorithm for tardive dyskinesia (TD)

1. Recognition and diagnosis of TD
2. Documentation of severity, distribution and phenomenology of TD (AIMS examination)
3. Differential diagnosis and laboratory investigation
4. Neurological consultation (for diagnostic dilemmas, atypical or severe cases)
5. Discussion of treatment options with patient and caregivers
6. Review of antipsychotic (dopamine D2-receptor antagonist) treatment:

a. Patients who can be safely tapered off treatment if alternative therapies are available
b. Patients who require antipsychotic maintenance treatment 

i. Maintain current treatment 
ii. Switch to an alternative antipsychotic or clozapine

7. Review of anticholinergic treatment:
a. Patients who can be safely tapered off treatment
b. Maintain or reduce dosages in patients who require anticholinergic treatment for acute movement disorders or tardive dystonia
c. Consider amantadine in patients who require concurrent treatment for acute movement disorders and TD 

8. Specific anti-dyskinetic treatment on an individualized basis:
a. Valbenazine or Deutetrabenazine
b. Positive findings but evidence is insufficient for recommendation, e.g., tetrabenazine, amantadine, botulinum toxin (specific benefit 

for focal tardive dystonia), levetiracetam, propranolol, Gingko biloba extract, and vitamin B6

AIMS, Abnormal Involuntary Movement Scale. 
Adapted from the article of Caroff et al. (Expert Rev Neurother 2017;17:871-881) [18]. Reprinted by permission of the publisher, Taylor & Francis 
Ltd, http://www.tandfonline.com.

Table 2. Modified list of evidence supporting efficacy of agents studied as treatment for TD [18,25,27,28,46]

Established Probably Possibly Inconclusive data Ineffective

Valbenazine
Deutetrabenazine

Tetrabenazine Amantadine
Ginkgo biloba extract
Switch antipsychotic or clozapine
Antipsychotic withdrawal 

(in early cases)
Clonazepam

Reserpine
-methyldopa
Bromocriptine
Cholinesterase inhibitors
Muscarinic agonists
Nicotinic agonists
Anticholinergics (tardive dystonia)
Melatonin
Vitamin B6
Selegiline
Yi-gan san/kamishoyosan
Baclofen
Levetiracetam
Nifedipine
Buspirone
Botulinum toxin (tardive dystonia)
Branched chain amino acids
Neurosurgey
Electroconvulsive therapy
Deep brain stimulation

Eicosapentaenoic acid
Diltiazem
Vitamin E

set a high standard for treatment studies of TD. Approval 
of these dopamine-depleting drugs represents an important 
practical step toward improving the lives of patients with 
TD. Nevertheless, while these agents effectively suppress 
TD, they do not advance theoretical understanding. Better 
understanding of mechanisms is essential in advancing 
research and developing more effective drugs that could 
prevent or reverse TD [33]. Thus, in order to extend ther-
apeutic options and broaden insights, a review of alter-

native agents and underlying theories is presented.

PHARMACOTHERAPY OF 
TARDIVE DYSKINESIA

Dopaminergic Drugs 

Rationale

Drawn from observation of dyskinesias in Parkinson’s 
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and Huntington’s disease patients, and from denervation 
studies in animal models, the notion that TD is the result 
of postsynaptic supersensitivity of dopamine D2-receptors 
following prolonged drug-induced receptor blockade be-
came the prevailing theory [1,33-37]. This theory has 
heuristic value in predicting the effects of agents that af-
fect dopaminergic activity. For example, TD is unique to 
treatment with antagonists of dopamine D2-receptors 
[38], can be suppressed by drugs that block or deplete 
dopamine, and precipitated or worsened by drugs that in-
crease dopamine activity. 

However, this hypothesis provides an incomplete pic-
ture [1,25,33]. Evidence on dopamine D2-receptor super-
sensitvity associated with dyskinesias in animals, which 
develop quickly and resolve rapidly after drug dis-
continuation, has been questioned as an inexact model 
for TD in humans. Antipsychotics have multiple other ef-
fects on pre- and post-synaptic receptors or second mes-
senger systems [39], on dopamine D1- or D3-receptors 
[40], on differences in D2-receptor supersensitivity meas-
ured by receptor numbers, affinity states or functional be-
havioral assays [41], and a range of genetic products and 
other neurotransmitters that affect the development of 
supersensitivity. The D2-receptor supersensitvity model 
fails to explain why TD does not affect all patients, why it 
develops over variable periods of time, why it is not pre-
ceded necessarily by parkinsonism but yet may coexist 
with parkinsonism in the same patient, and why it strongly 
correlates with age. In humans, functional imaging and 
post-mortem studies have not consistently demonstrated 
correlations between D2-receptor numbers and TD [21]. 
Nevertheless, treatment trials are consistent with the no-
tion that dopamine D2-receptor antagonism is a neces-
sary initial step that triggers reactive changes in striatal cir-
cuits leading to a potentially permanent state of dop-
aminergic hyperactivity associated with the manifes-
tations of TD. As a result, agents that inhibit dopamine 
synthesis, metabolism or receptor function are effective at 
suppressing symptoms but not necessarily reversing the 
mechanisms underlying TD.

Dopamine-receptor agonists

Evidence of drug-induced dopamine D2-receptor su-
persensitivity in animal models implies that dopamine ag-
onists could theoretically downregulate post-synaptic re-
ceptors and reverse TD. However, they are limited by 

worsening psychotic symptoms and increasing hyperkinetic 
movements at least initially. Several direct and indirect 
dopamine agonists have been tested in TD patients with 
mostly negative or inconclusive results [25,27,28,42,43]. 
Whether the partial dopamine-receptor agonist properties 
exhibited by drugs like aripiprazole have a possible mod-
ulating effect in preventing, reducing or reversing TD may 
be a related question to explore [44].

Dopamine-receptor antagonists

Depending on dopamine D2-receptor binding affinity, 
antipsychotics and other dopamine receptor antagonists 
are paradoxically the primary trigger for TD development 
as well as the most potent agents for suppressing TD [45]. 
It has been considered inadvisable to use them to treat 
and possibly perpetuate the very disorder they caused 
[18,26-29,46]. While this is understandable from a purely 
neurological point of view, prescribing decisions on anti-
psychotics in patients with mental illnesses and TD are 
complex illustrated by the following options. 

Maintenance of antipsychotics

In patients with psychiatric illness at high risk for re-
lapse who have mild, localized TD with minimal sub-
jective impact, maintenance of antipsychotic treatment 
may be justified. TD is usually not progressive even with 
continued antipsychotic treatment. In several studies of 
antipsychotic maintenance treatment, TD was reported to 
show no change, worsening in some cases, or significant 
improvement over time albeit at risk of increased parkin-
sonism and diminished odds of reversibility [31,47,48]. 
The evidence suggests that TD is persistent and fluctuates 
in most cases with continued antipsychotic treatment, 
with only a minority of patients showing worsening [47]. 
Importantly, TD could be masked by antipsychotics and 
may first become apparent or worsen only after drug with-
drawal in 5−67% of patients [49,50]. Patients with TD 
should consent to maintenance treatment and be moni-
tored for any signs of progression. 

Withdrawal of antipsychotics

Ideally, antipsychotics could be tapered off. In TD pa-
tients without a chronic underlying psychotic disorder, 
such as those with episodic depression, maintenance with 
antipsychotics may be safely discontinued. However, pa-
tients with schizophrenia or some cases of bipolar dis-
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order may incur a significant risk of psychotic relapse and 
require ongoing treatment [51]. Although drug with-
drawal has been recommended [27,31,52], about 33% to 
53% of patients experienced worsening of dyskinesias ini-
tially, while only 36% to 55% showed improvement over 
time after older antipsychotics were discontinued [53]. 
Potential reversibility of TD after drug cessation is contro-
versial. While recent surveys suggest a grim prognosis 
with as few as 2% of patients showing resolution of TD af-
ter drug withdrawal [54-56], older reports found re-
mission of TD after drug cessation occurring in 50−75% 
of patients if detected early [57,58]. While these early cas-
es may represent reversible withdrawal dyskinesias, they 
support the potential efficacy of drug cessation in non-
psychotic patients if implemented soon after the diagnosis 
of TD is made. These cases suggest that there may be a pe-
riod of consolidation during which the mechanisms un-
derlying TD are reversible.

Dose reduction of antipsychotics

Another option has been dose reduction of antipsychotics, 
which has resulted in increased remissions in some stud-
ies [32,59,60]. However, meta-analyses concluded that 
available data are insufficient to either support or refute 
treatment of TD by dose reduction [27,29,42,56], which 
may temporarily unmask or worsen movements. Recent 
evidence suggests that dose reduction, like drug cessa-
tion, may contribute to relapses in psychiatric symptoms 
in some cases, further limiting this intervention for TD 
[61,62].

Switching antipsychotics 

If TD develops, another alternative is to switch anti-
psychotics if maintenance treatment is necessary. A 
change to higher doses or potent antipsychotics may in-
crease dopamine D2-receptor blockade and suppress 
symptoms of TD in up to 67% of patients, although limit-
ing remission of TD and potentially exacerbating parkin-
sonism [29,45,63]. These agents have not been recom-
mended because of their propensity to mask symptoms 
and cause parkinsonism, and because of concern that 
long-term use will worsen TD [27]. However, they have 
been used in severe cases to provide symptom relief [1]. A 
previous study of the effects of high potency antipsychotics 
on TD suggested the suppressive effect may be only tem-
porary and TD symptoms may re-emerge during fol-

low-up [64].
The role of newer antipsychotics in managing TD is less 

clear [26]. Recent meta-analyses have judged the evi-
dence as insufficient to support recommendations for us-
ing newer antipsychotics specifically to treat TD [27,28]. 
However, individual studies of newer agents have shown 
significant reduction in TD severity, with some studies 
showing greater suppression, lesser suppression, or no 
difference compared with older agents [18,27,47,65-67]. 
Studies of newer antipsychotics in suppressing TD have 
shown nearly an identical drop in the percentage of pa-
tients showing persistent TD and in the total Abnormal 
Involuntary Movement Scale (AIMS) severity scores com-
pared to decreases observed in recent trials of VMAT2 in-
hibitors [17,47,65]. But antipsychotic suppression of TD 
comes at a cost of continued dopamine-receptor block-
ade perpetuating the etiologic mechanism of TD and re-
stricting chances of remission [18,44,47,48,65,67].

Dopamine depleting agents 

Reserpine

Drugs that deplete presynaptic stores of dopamine have 
been useful in reducing TD [25,43,68-70]. Two depleting 
agents, -methylparatyrosine and -methyldopa which 
interfere with dopamine synthesis, were found to sig-
nificantly reduce severity of TD in small early studies 
[25,27]. More enduring interest in dopamine depletion as 
a treatment strategy for TD was stimulated by the effects of 
reserpine. When it is not sequestered into presynaptic 
vesicles because of inhibition of VMAT, dopamine is rapidly 
degraded by monoamine oxidase resulting in pre-syn-
aptic depletion and reduced availability for release into 
the synapse. VMAT occurs in two isoforms; VMAT1 
which is distributed primarily in the peripheral nervous 
system and VMAT2 which is found primarily in the cen-
tral nervous system. The actions of reserpine are irrever-
sible and nonselective, inhibiting both VMAT1 as well as 
VMAT2, resulting in tolerability problems with blood 
pressure, gastric motility, impotence and nasal congestion 
and potentially prolonged depression and extrapyramidal 
side effects [69]. Initially used as an antihypertensive 
treatment, reserpine was observed to have significant ef-
fects as an antipsychotic as well as a treatment for 
Huntington’s chorea [25]. In addition, early studies of re-
serpine showed at least a 50% improvement in TD move-
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Table 3. Vesicular monoamine transporter-2 (VMAT2) inhibitors

VMAT2 
inhibitor

Half-life Dose range T max
CYP2D6 

metabolism
%Responders (≥50% 

↓AIMS) [77,82]
NNT/NNH 
[69,75,80]

Approved 
indications

TBZ 5.5 hr 12.5−50 mg/d in 
divided doses

1−1.5 hr Genotyping required for 
doses ＞ 50 mg/d

- - Huntington’s 
chorea

VBZ 20 hr 40−80 mg QD 4−10 hr Consider dose reduction 
for poor metabolizers

40% (80 mg)
24% (40 mg)

5/15−500 TD

DTBZ 8.6 hr 6−24 mg BID 
with food

3−4 hr Maximum dose = 18 mg 
BID in poor metabolizers

33% (36 mg)
35% (24 mg)

7/34−100 Huntington’s 
chorea, TD

TBZ, tetrabenazine; VBZ, valbenazine; DTBZ, deutetrabenazine; QD, once daily; BID, twice daily; TID, Thrice daily; T max, time to maximum 
concentration; AIMS, Abnormal Involuntary Movement Scale; NNT/NNH, number needed to treat/number needed to harm; TD, tardive dyskinesia.

ments, although the evidence is not considered sufficient 
to support its use [27]. 

Terabenazine

Tetrabenazine (TBZ) was developed in the 1950s as an 
antipsychotic [68,70-73]. It replaced reserpine because of 
its VMAT2 selectivity, shorter duration and reversible ac-
tion on VMAT, relative lack of hypotensive side effects, 
and less severe depressive effect. Approved in the United 
States as a treatment for Huntington’s chorea, it was stud-
ied off-label and has been approved for treatment of TD in 
several countries (Table 3). TBZ undergoes rapid first-past 
hepatic metabolism to two main metabolites, -dihy-
drotetrabenazine (-HTBZ) and -HTBZ, which are po-
tent inhibitors of VMAT2 [68,70]. Peak plasma concen-
trations of -HTBZ and -HTBZ are reached within 1−
1.5 h [68] with a duration of clinical effect estimated to be 
5 hours requiring multiple daily dosing [68], with chorea 
recurring within 12−18 hours after the last dose [73]. 
Apart from binding to VMAT2, TBZ and its metabolites 
have affinity for other receptors, contributing to unwanted 
side effects that can be dose-limiting [68,70]. Due to its 
tolerability and pharmacokinetic profile, use of TBZ in 
Huntington’s disease includes recommendations for CYP2D6 
genotyping to screen for poor metabolizers when exceed-
ing doses of 50 mg/day [68]. 

Recent reviews of TBZ for TD found one double-blind, 
crossover study and seven open-label studies [72-74]. 
TBZ doses ranged from 6.25 to 300 mg/day. At least mod-
erate improvement was reported in 41% to 93% of pa-
tients, with a mean improvement of 54% in the total AIMS 
score. Long-term observational studies support the sus-
tained efficacy of TBZ. Dose-related side effects included 
sedation, parkinsonism, akathisia, and depression. Guide-
lines concluded that TBZ is only possibly effective for TD, 

because of a lack of double-blind, randomized, placebo 
controlled trials [27,28,72]. Two long-term retrospective 
studies reported that TD severity recurred when TBZ was 
discontinued [73].

Valbenazine

The positive effect of TBZ on TD prompted efforts to im-
prove upon its shortcomings. Valbenazine (VBZ) is a re-
versible, selective VMAT2 inhibitor approved for the 
treatment of TD (Table 3) [18,28,68,70-73,75]. VBZ is the 
parent drug of the -dihydrotetrabenazine isomer of TBZ 
which has the strongest affinity for VMAT2 and the least 
affinity for off-target receptor binding. VBZ is metabolized 
slowly with peak concentrations of the active metabolite 
reached within 4−10 hours and a half-life of 20 hours. 
VBZ and its metabolites are metabolized by CYP3A4 as 
well as CYP2D6 making it less dependent on genotyping 
of the CYP2D6 enzyme. 

Evidence on the efficacy and safety of VBZ for TD has 
been tested in randomized, placebo-controlled, double- 
blind trials [18,28,68,71,73,75], including a 6-week dose- 
escalation study (KINECT 2) and a 6-week fixed-dose trial 
(KINECT 3) [76,77]. Treatment with VBZ was associated 
with significant improvement in total AIMS scores in both 
KINECT 2 and KINECT 3. Patients receiving VBZ were sig-
nificantly more often “much improved” or “very much im-
proved” compared with placebo and were significantly 
more likely to show ≥ 50% reduction in the AIMS score 
[72]. Pooling data from short-term trials provides an over-
all number needed to treat (NNT) estimate for AIMS re-
sponse of VBZ vs. placebo of 5 [75]. 

In a 42-week extension study, efficacy measures con-
tinued to improve but trended back to baseline after VBZ 
was discontinued [72,73,75,78]. An interesting finding 
was that 25% to 30% of patients enrolled in long-term ex-
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tension studies continued to show response in reduction 
of TD 4 weeks after withdrawal from VBZ [79]. VBZ was 
well-tolerated. Based on pooled data, the only adverse 
event that reached the incidence threshold of ≥ 5% and 
twice that of placebo was fatigue/sedation. QTc prolonga-
tion was not clinically significant at regular doses, but 
should be monitored in those with QTc prolongation or 
arrhythmias. Number needed to harm (NNH) values for 
adverse events ranged from 15 to 500 [75].

Deutetrabenazine

Deutetrabenazine (DTBZ) is a reversible, selective 
VMAT2 inhibitor approved for the treatment TD (Table 3) 
[68,70-72,80]. It differs from TBZ in that deuterium atoms 
have been substituted for hydrogen atoms in the molecule. 
Because a carbon-deuterium chemical bond is stronger 
than a carbon-hydrogen bond, substitution of deuterium 
results in slower drug metabolism, longer duration of ac-
tion, less frequent dosing, greater drug exposure, reduced 
variability in metabolism, reduced drug interactions and 
adverse effects, and less impact of CYP2D6 activity, elimi-
nating the need for genotyping. DTBZ has lower peak 
concentrations and less plasma fluctuation without alter-
ing VMAT2 inhibition compared to TBZ. Peak plasma 
concentrations of deuterated -HTBZ and -HTBZ are 
reached within 3−4 hours after dosing. The half-life of 
DTBZ is about 9−10 hours. Deuteration does not appear 
to cause a significant difference in off-target receptor 
binding compared with TBZ, however the affinity for oth-
er receptors is low. 

DTBZ has been tested in 12-week, randomized, place-
bo-controlled, double-blind trials [81,82]. In the ARM-TD 
study, DTBZ was associated with a statistically significant 
reduction in AIMS score versus placebo. In the AIM-TD 
study, DTBZ showed statistically significant changes in 
AIMS score compared with placebo. In addition, sig-
nificantly more patients taking DTBZ were “much im-
proved” or “very much improved” compared with placebo. 
The proportion of patients showing 50% or more reduc-
tion in AIMS score was also significantly greater for DTBZ. 
Using AIMS reduction as a definition of response, DTBZ 
resulted in a NNT of 7 [80].

In an open-label extension study, patients continued to 
have significant improvements in AIMS scores and cate-
gorical measures of treatment success [80,83]. DTBZ was 
well-tolerated, demonstrating reduced rates of depres-

sion, somnolence, and akathisia compared to those seen 
in TBZ trials [28,71,80]. As DTBZ is also approved for 
Huntington’s chorea, it has a black box warning like TBZ 
for depression and suicidality, but data from trials in TD 
did not show an increased risk of suicide [72]. In pooled 
TD trials, no adverse events were reported in ≥ 5% of pa-
tients and twice that of placebo but those occurring in ≥ 

2% and more common than placebo were akathisia, de-
pression and diarrhea. DTBZ may prolong the QT interval 
and should be avoided in patients with QT prolongation 
and arrhythmias. NNH values for adverse events ranged 
from 34 to 100 [69].

Additional questions on long-term outcomes of TD 
with VMAT2 inhibitors in association with combined 
treatment with antipsychotics remain to be investigated. 
VMAT2 inhibitors could possibly prevent TD if used ad-
junctively to allow for lower dosages of dopamine antago-
nists for the treatment of psychosis, or VMAT2 inhibitors 
could allow for natural reversal of TD if substituted for an-
tipsychotics in patients who could be safely tapered off 
the latter [79]. However, it is also possible that dopamine 
depletion from VMAT2 inhibitors may add to the risk of 
supersensitivity and TD (similar to denervation) in associ-
ation with concurrent antipsychotic-induced dopamine 
receptor blockade [35,84-87]. Also, head-to-head trials 
are needed to compare outcomes between competing 
VMAT2 inhibitors, low potency antipsychotics, and alter-
native treatment strategies. 

Glutamatergic Drugs 

Rationale

A potential unifying theory that complements the dop-
amine-receptor supersensitivity hypothesis is based on 
the concept of maladaptive synaptic plasticity mediated 
by medium spiny neurons in the striatum [23,24,33,88]. 
These interneurons play an integral role in coordinating 
output from direct and indirect pathways to striatal struc-
tures, the thalamus and ultimately the motor cortex to en-
sure adaptive motor behavior. These neurons receive cortical 
glutamatergic input through N-methyl-D-aspartate-(NMDA)- 
receptors, which confers the ability to learn sequences of 
activation to execute complex movements by means of an 
increase or decrease of synaptic plasticity of neurotrans-
mission based on previous experience. 

In this model, TD may result from drug-induced dop-
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amine D2-receptor supersensitivity that affects medium 
spiny neurons in the striatum causing maladaptive NMDA- 
mediated synaptic plasticity, resulting in an imbalance of 
the direct and indirect pathway, which in turn, produces 
abnormal output to the sensorimotor cortex and dys-
kinesias. A related corollary proposes increases in the sen-
sitivity of indirect pathway medium spiny neurons to ex-
citotoxicity induced by the stimulation of glutamatergic 
NMDA receptors from cortico-striatal synapses [24,89].

Amantadine

Amantadine is approved for both Parkinson’s disease 
and drug-induced movement disorders [46,90-92]. The 
exact mechanism of action of amantadine is unclear. 
Amantadine stimulates the release of dopamine from 
striatal nerve terminals, may also inhibit its pre-synaptic 
reuptake, and may increase the number and availability of 
post-synaptic dopamine receptors although these actions 
occur at concentrations exceeding those observed in pa-
tients [1]. Previous studies demonstrated that amantadine 
is also a weak, non-competitive NMDA-receptor antago-
nist [1,93,94], and shows anticholinergic activity as the 
result of inhibition of NMDA-receptor mediated stim-
ulation of acetylcholine at concentrations roughly 100 
times lower than the concentration needed to affect dop-
amine release suggesting that this activity is more clin-
ically relevant in explaining its antiparkinsonian efficacy 
[95].

However, mechanisms for proposed beneficial effects 
of amantadine on TD must be different, as both dop-
aminergic stimulation and NMDA-mediated inhibition of 
cholinergic activity through NMDA receptor blockade 
both predict worsening of dyskinesias. An alternative 
mechanism is suggested by the glutamate-synaptic plasti-
city hypothesis, namely that NMDA-receptor blockade by 
amantadine could interrupt excitotoxicity from corti-
co-striatal input and reduce maladaptive synaptic plasti-
city [96].

Early case reports reported mixed results on amanta-
dine as a preventative or treatment of TD [97-99]. Recent 
reviews of the evidence on antidyskinetic properties of 
amantadine have shown reductions in levodopa-induced 
dyskinesias in Parkinson’s disease patients [90,91,96], and 
it has been considered “possibly effective” for TD [27]. A 
few case series examined the addition of amantadine to 
an antipsychotic for TD with inconsistent results [26,46]. 

Two small, short-term, double-blind, placebo-controlled, 
cross-over trials reported a significant decrease in AIMS 
scores compared to placebo [100,101]. Although aman-
tadine may be considered for short-term use to treat TD, 
the evidence base of controlled trials is limited [27]. 
However, amantadine may have a unique role for patients 
who have both TD and parkinsonism [88,102]. In such 
patients, amantadine may be effective for both movement 
disorders, and is better tolerated than a VMAT2 inhibitor 
prescribed for TD which may worsen parkinsonism, or an 
anticholinergic prescribed for parkinsonism which may 
worsen TD [103]. This approach is strengthened by recent 
trials of extended-release amantadine for dyskinesias in 
Parkinson’s disease, which found reduced severity of dys-
kinesias as well as reductions in hypokinetic “off” times 
[90,91]. Because it acts as an antagonist of central NMDA- 
mediated cholinergic stimulation, amantadine may also 
be as effective as anticholinergics and worth testing in 
treating tardive dystonia but with better tolerability. 

Cholinergic Drugs 

Rationale 

The proposed balance between dopamine and ace-
tylcholine in the striatum has long served as a rationale to 
use cholinergic agents for TD to counteract a presumed 
imbalance. Miller and Chouinard proposed that pro-
longed dopamine receptor blockade results in the loss of 
dopamine-mediated inhibition of striatal cholinergic in-
terneurons, creating a state of hyperexcitability and even-
tual cell death or damage which accounts for the dyski-
nesias of TD [104]. While the results of early trials of non-
specific cholinergic agents were discouraging, advances 
in technology as well as the development of specific chol-
inergic receptor ligands have highlighted the central role 
of cholinergic interneurons in basal ganglia function 
[105]. As a result, the potential role of cholinergic agents 
in treating TD should receive renewed attention.

Anticholinergics (Antimuscarinics)

In contrast to reversing drug-induced parkinsonism, an-
timuscarinic drugs have not been effective in reducing TD 
[106]. In fact, worsening of TD associated with anti-
cholinergic agents was demonstrated while improvement 
in the severity of TD has been noted in up to 60% of pa-
tients who had these agents withdrawn [18,25,27,29], 
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supporting the conjecture that TD reflects relative ace-
tylcholine deficiency. One exception is tardive dystonia, 
for which high doses of antimuscarinics may be effective. 
Caution should be taken in decisions to reduce anti-
muscarinics if acute drug-induced movements or tardive 
dystonia are present as these disorders could re-emerge or 
worsen after withdrawal. Amantadine may be a reason-
able alternative to antimuscarinics in patients with both 
TD and parkinsonism [103].

Acetylcholine precursors

Initial trials of acetylcholine precursors, deanol, chol-
ine, and lecithin, in the treatment of TD discouraged work 
in this area [25,107]. However, these drugs may have 
failed for several reasons; questions about whether pre-
cursors were able to reach cholinergic neuronal targets in 
pharmacological concentrations; whether they could in-
crease acetylcholine neurotransmission; nonspecific ac-
tions on multiple acetylcholine receptor subtypes; and fi-
nally, whether or not the targeted cholinergic interneur-
ons were impaired in the ability to synthesize and release 
acetylcholine [104]. 

Acetylcholinesterase inhibitors

The notion that impairment of cholinergic interneurons 
precluded the efficacy of precursors prompted trials of 
acetylcholinesterase inhibitors, marketed for Alzheimer’s 
disease, to circumvent cell loss. Results with physostigmine, 
tacrine, donepezil and galantamine were mixed [107,108], 
leading reviewers to conclude that evidence supporting 
cholinesterase treatment was insufficient [27,109]. The 
only small, controlled trial using galantamine showed a 
trend for efficacy in reducing TD that was reversed after 
switching to placebo [108]. Moreover, cholinesterase in-
hibitors, by increasing acetylcholine levels in general may 
not be sufficiently precise to target specific receptor sub-
types which may have markedly different and contra-
dictory actions on acetylcholine transmission and move-
ments. 

Muscarinic and nicotinic receptor subtypes

With elaboration of complex neurotransmitter inter-
actions in the basal ganglia and novel agents becoming 
available to target specific receptor subtypes, future trials 
may yet confirm selective muscarinic or nicotinic agents 
that could reduce TD movements [105,110-112]. Given 

the dense localization of muscarinic receptors (mAChRs) 
in the striatum, they may constitute a viable target affect-
ing TD [110,113]. Antagonists of two mAChRs, m1 and 
m4, improve parkinsonism but exacerbate stimulant-in-
duced motor stereotypy, whereas allosteric modulators 
potentiating m4-receptor activity reduce dyskinesias in 
preclinical models.

The role of diminished nicotinic receptor (nAChR) 
function underlying TD is suggested by the fact that 
D2-receptor blockade may result in reduced binding and 
loss of nAChRs [105]. Since activation of nAChR normally 
evokes release of striatal dopamine, nicotinic agonists 
should acutely worsen TD, but long-term administration 
leading to nAChR desensitization may reduce dopamine 
release and potentially suppress dyskinesias [111,114]. In 
fact, chronic administration of nicotine does indeed at-
tenuate haloperidol-induced vacuous chewing move-
ments in rodent and primate models [115,116]. However, 
effects of nicotinic drugs on TD in humans is unclear. 
Varenicline, a partial nicotinic agonist acting at several 
nAChRs and used for smoking cessation, has been re-
ported to have inconsistent effects on parkinsonism and 
TD [117]. 

Gamma-aminobutyric Acid Drugs

Rationale

Gamma-aminobutyric acid (GABA) agents could theo-
retically improve TD symptoms by reversing decreases in 
GABA, a major inhibitory component of basal ganglia path-
ways, resulting from antipsychotic treatment [18,25,27,46]. 
Based on animal and human studies, this hypothesis sug-
gests that prolonged dopamine D2-receptor blockade in 
the striatal indirect pathway results in damage to GABA- 
ergic medium spiny interneurons which generates dyski-
nesias [23,24,88]. 

GABA agonists

A meta-analysis of treatment options for TD found no 
significant difference between benzodiazepines and pla-
cebo in TD [29]. A trial examining clonazepam indicated 
improvement that was subsequently lost suggesting that 
tolerance develops. Similarly, treatment with non-benzo-
diazepine GABA agonists (e.g., baclofen, sodium val-
proate) showed no significant improvement in TD com-
pared with placebo. Treatment with baclofen and sodium 
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valproate tended to increase ataxia and sedation, and two 
patients experienced seizures after anticonvulsant drug 
withdrawal.

A second meta-analysis examined non-benzodiaze-
pine agents in patients with TD [118]. Patients receiving 
GABAergic medications were more likely to show deteri-
oration in mental status, fail to complete the study and ex-
perience ataxia or sedation. Although some reviewers 
recommend benzodiazepines as “probably” effective in 
TD [25,27], the evidence for GABA-ergic drugs in general 
is of low quality and balanced by sedation, addiction po-
tential and the possibility of a nonspecific and transient 
anxiolytic effect [118,119]. 

Other anticonvulsant drugs (levetiracetam, piracetam, 
zonisamide) acting via GABA-ergic or other mechanisms 
have been tried in TD with promising results but require 
replication [27,46]. In a well-conducted 12-week random-
ized, double-blind, placebo controlled clinical trial (n = 
50), levetiracetam reduced severity of TD significantly 
compared with placebo [120]. 

Antioxidants

Rationale

Another popular concept reflecting the potentially irre-
versible nature of TD invokes cell loss and damage result-
ing from oxidative free radicals generated by reactive 
overproduction and turnover of dopamine associated 
with dopamine-receptor blockade. This hypothesis is 
consistent with the reported association between TD and 
variants in the gene that encodes manganese super-oxide 
dismutase, an enzyme that scavenges free radicals, along 
with imaging studies showing decreases in basal ganglia 
volumes in antipsychotic treated patients [23,24]. How-
ever, prophylactic effects of antioxidants in pre-clinical 
models have not consistently supported this hypothesis 
[121]. 

Nutritional and herbal antioxidants

Trials of several drugs with antioxidant properties have 
been reviewed with insufficient evidence to support their 
recommendation (Table 2) [25,27,46]. While antioxi-
dants may have a role when given with antipsychotics 
early in treatment or in early stages of TD to prevent oxi-
dative cell damage, they have been tested primarily in pa-
tients who already have established TD. For example, vi-

tamin B6 (pyridoxal 5’-phosphate) may have some bene-
fits in reducing the severity of TD but the quality of evi-
dence is low and high doses have been associated with 
neuropathy [46,122]. Positive results in reducing TD were 
reported in a meta-analysis of 3 randomized, place-
bo-controlled clinical trials of EGb-761 (Gingko biloba 
extract) [123]. Melatonin achieved only mixed results in 
two small controlled studies [27,46]. Convincing evi-
dence from randomized trials suggests that vitamin E 
(-tocopherol) does not improve TD in comparison with 
placebo, although it may prevent worsening of symptoms 
in mild cases and could have a prophylactic effect in di-
minishing oxidative damage [124]. Observational studies 
of the traditional herbal medicines, yi-gan san and ka-
mishoyosan which may have effects on multiple neuro-
transmitter systems as well as prevent cell damage, re-
ported significant decreases in AIMS scores [18,27,46]. 
While some studies of antioxidants have shown possible 
efficacy, the quality of evidence has been low. Moreover, 
in considering nutritional and herbal remedies, lack of 
product reliability and market availability of unregulated 
herbal compounds need to be considered. 

Drugs Based on Alternative Mechanisms
Based on other theoretical neurotransmitter or proper-

ties, several alternative agents have been tested for anti-
dyskinetic activity [18,25]. Noradrenergic agents have 
been tried with variable results in mostly open studies and 
case reports. Propranolol, a -adrenergic antagonist, re-
sulted in moderate or better response of TD in one retro-
spective study [125]. Interestingly, since propranolol has 
shown efficacy in akathisia [126], further studies may be 
worthwhile in patients with tardive akathisia or in patients 
with concurrent TD and acute akathisia. An -adrenergic 
agonist (clonidine), serotonergic agents (buspirone, sero-
tonin reuptake inhibitors), calcium channel blockers, and 
branched-chain amino acids have had mixed success and 
have not been recommended based on insufficient evi-
dence [27,46]. Botulinum neurotoxin acts to weaken 
muscle by decreasing neuromuscular transmission of ace-
tylcholine, and has been reported to be effective when in-
jected to decrease focal orofacial TD and tardive dystonia 
[25,46]. 
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CONCLUSIONS AND 
FUTURE DIRECTIONS 

TD is likely to remain important in clinical practice and 
may even increase in prevalence as antipsychotics are ex-
pansively marketed. The ideal goals of future research 
should be the elimination of TD as a consequence of anti-
psychotic treatment and the development of interventions 
to reverse TD once it occurs. Approval of VMAT2 in-
hibitors offers an effective treatment to reduce the severity 
and impact of TD. By comparison, past clinical trials of 
other treatments were most often methodologically limited. 
Several of these alternative strategies merit a second look 
in adequately powered trials. It is important to develop 
treatments targeting patients who do not respond to or 
cannot tolerate VMAT2 inhibitors and for patients with 
phenomenological and pharmacological subtypes of TD. 

In addition, the VMAT2 inhibitors do not advance our 
understanding of the pathophysiology underlying the 
disorder. Emerging research suggests that movement is a 
result of a complex interplay of multiple neurotransmitters 
and receptor subtypes orchestrated to shape synaptic 
plasticity in cortical-thalamic-striatal circuits. While dop-
amine D2-receptor blockade is the necessary trigger and 
dopaminergic hyperactivity the inevitable consequence 
of antipsychotic treatment, the potential irreversibility of 
TD appears to stem from selective damage to striatal inter-
neurons that may implicate glutamate, acetylcholine, 
GABA, oxidative or other mechanisms. It follows that 
there may be multiple therapeutic targets that could be ac-
tuated to forestall irreversible changes and maximize pre-
vention and treatment of TD. In view of advances in eluci-
dating basal ganglia functions, further research on inter-
ventions targeting non-dopaminergic, and more in-
tegrative multi-circuit nodal points may be productive in 
the future. 
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Biosciences.

REFERENCES
1. Cunningham Owens DG. A guide to the extrapyramidal 

side-effects of antipsychotic drugs. 2nd ed. New York: 

Cambridge University Press;2014. 
2. Factor SA, Lang AE, Weiner WJ. Drug induced movement 

disorders. Malden:USA Blackwell Publishing;2005. 
3. Waln O, Jankovic J. An update on tardive dyskinesia: from 

phenomenology to treatment. Tremor Other Hyperkinet 

Mov (N Y) 2013;3:tre-03-161-4138-1.
4. Caroff SN, Campbell EC. Drug-induced extrapyramidal syn-

dromes: implications for contemporary practice. Psychiatr 

Clin North Am 2016;39:391-411.
5. Carbon M, Hsieh CH, Kane JM, Correll CU. Tardive dyski-

nesia prevalence in the period of second-generation anti-

psychotic use: a meta-analysis. J Clin Psychiatry 2017;78: 

e264-e278.
6. Carbon M, Kane JM, Leucht S, Correll CU. Tardive dyski-

nesia risk with first- and second-generation antipsychotics in 

comparative randomized controlled trials: a meta-analysis. 

World Psychiatry 2018;17:330-340.
7. Woods SW, Morgenstern H, Saksa JR, Walsh BC, Sullivan 

MC, Money R, et al. Incidence of tardive dyskinesia with 

atypical versus conventional antipsychotic medications: a 

prospective cohort study. J Clin Psychiatry 2010;71:463-474.
8. Factor SA, Burkhard PR, Caroff S, Friedman JH, Marras C, 

Tinazzi M, et al. Recent developments in drug-induced 

movement disorders: a mixed picture. Lancet Neurol 2019; 

18:880-890.
9. Stegmayer K, Walther S, van Harten P. Tardive dyskinesia 

associated with atypical antipsychotics: prevalence, mech-

anisms and management strategies. CNS Drugs 2018;32: 

135-147.
10. Achalia RM, Chaturvedi SK, Desai G, Rao GN, Prakash O. 

Prevalence and risk factors associated with tardive dyski-

nesia among Indian patients with schizophrenia. Asian J 

Psychiatr 2014;9:31-35.
11. Ryu S, Yoo JH, Kim JH, Choi JS, Baek JH, Ha K, et al. Tardive 

dyskinesia and tardive dystonia with second-generation an-

tipsychotics in non-elderly schizophrenic patients un-

exposed to first-generation antipsychotics: a cross-sectional 

and retrospective study. J Clin Psychopharmacol 2015;35: 

13-21.
12. Caroff SN, Leong SH, Roberts C, Berkowitz RM, Campbell 

EC. Cumulative burden of illness in veterans with tardive 

dyskinesia and serious mental disorders. J Clin 

Psychopharmacol 2020;40:38-45.
13. Caroff SN, Yeomans K, Lenderking WR, Cutler AJ, Tanner 

CM, Shalhoub H, et al. RE-KINECT: a prospective study of 

the presence and healthcare burden of tardive dyskinesia in 

clinical practice settings. J Clin Psychopharmacol 2020;40: 

259-268.
14. Caroff SN, Ungvari GS, Cunningham Owens DG. Historical 

perspectives on tardive dyskinesia. J Neurol Sci 2018;389:4-9.
15. Caroff SN, Cutler AJ, Tanner CM, Shalhoub H, Lenderking 

WR, Yeomans K, et al. Awareness and impact of possible tar-

■ Conflicts of Interest



 Recent Advances in Tardive Dyskinesia 503

dive dyskinesia by primary psychiatric diagnosis in patients 

prescribed antipsychotics: results from the RE-KINECT 

study. In: Academy of Managed Care Pharmacy (AMCP) 

Nexus 2018; Oct 22-25, 2018; Orlando, USA. 
16. Caroff SN, Citrome L, Meyer J, Sajatovic M, Goldberg JF, Jain 

R, et al. A modified Delphi consensus study of the screening, 

diagnosis, and treatment of tardive dyskinesia. J Clin Psychiatry 

2020;81:19cs12983.
17. Caroff SN. Overcoming barriers to effective management of 

tardive dyskinesia. Neuropsychiatr Dis Treat 2019;15:785-794.
18. Caroff SN, Campbell EC, Carroll B. Pharmacological treat-

ment of tardive dyskinesia: recent developments. Expert Rev 

Neurother 2017;17:871-881.
19. Caroff SN, Leong SH, Roberts CB, Berkowitz RM, Campbell 

EC. Correlates of the abnormal involuntary movement scale 

in veterans with tardive dyskinesia. J Clin Psychopharmacol 

2020;40:373-380.
20. Kane JM, Correll CU, Nierenberg AA, Caroff SN, Sajatovic 

M; Tardive Dyskinesia Assessment Working Group. 
Revisiting the abnormal involuntary movement scale: pro-

ceedings from the tardive dyskinesia assessment workshop. 

J Clin Psychiatry 2018;79:17cs11959.
21. Jeste DV, Lohr JB, Kaufmann CA, Wyatt RJ. Pathophysiology 

of tardive dyskinesia: evaluation of supersensitivity theory 

and alternative hypotheses. In: Casey DE, Gardos G, editors. 

Tardive dyskinesia and neuroleptics: from dogma to reason. 

Washington, DC:American Psychiatric Press;1986. p.15-32.
22. Margolese HC, Chouinard G, Kolivakis TT, Beauclair L, 

Miller R. Tardive dyskinesia in the era of typical and atypical 

antipsychotics. Part 1: pathophysiology and mechanisms of 

induction. Can J Psychiatry 2005;50:541-547.
23. Teo JT, Edwards MJ, Bhatia K. Tardive dyskinesia is caused 

by maladaptive synaptic plasticity: a hypothesis. Mov 

Disord 2012;27:1205-1215.
24. Loonen AJ, Ivanova SA. New insights into the mechanism of 

drug-induced dyskinesia. CNS Spectr 2013;18:15-20.
25. Hyde TM, Apud JA, Fisher WC, Egan MF. Tardive dyskinesia. 

In: Factor SA, Lang AE, Weiner WJ, editors. Drug induced 

movement disorders. 2nd ed. Malden:Blackwell Publishing; 

2005. p.213-256.
26. Witter DP, Holbert RC, Suryadevara U. Pharmacotherapy 

for the treatment of tardive dyskinesia in schizophrenia 

patients. Expert Opin Pharmacother 2017;18:965-972.
27. Bhidayasiri R, Fahn S, Weiner WJ, Gronseth GS, Sullivan KL, 

Zesiewicz TA. Evidence-based guideline: treatment of tar-

dive syndromes: report of the guideline development sub-

committee of the American Academy of Neurology. Neurology 

2013;81:463-469.
28. Bhidayasiri R, Jitkritsadakul O, Friedman JH, Fahn S. Updating 

the recommendations for treatment of tardive syndromes: a 

systematic review of new evidence and practical treatment 

algorithm. J Neurol Sci 2018;389:67-75.
29. Soares-Weiser K, Fernandez HH. Tardive dyskinesia. Semin 

Neurol 2007;27:159-169.
30. Soares-Weiser K, Rathbone J, Ogawa Y, Shinohara K, Bergman 

H. Miscellaneous treatments for antipsychotic-induced tar-

dive dyskinesia. Cochrane Database Syst Rev 2018;3: 

CD000208.
31. Margolius A, Fernandez HH. Current treatment of tardive 

dyskinesia. Parkinsonism Relat Disord 2019;59:155-160.
32. Lehman AF, Lieberman JA, Dixon LB, McGlashan TH, Miller 

AL, Perkins DO, et al. Practice guideline for the treatment of 

patients with schizophrenia, second edition. Am J Psychiatry 

2004;161(2 Suppl):1-56.
33. Meyer JM. Future directions in tardive dyskinesia research. J 

Neurol Sci 2018;389:76-80.
34. Seeman P, Schwarz J, Chen JF, Szechtman H, Perreault M, 

McKnight GS, et al. Psychosis pathways converge via D2high 

dopamine receptors. Synapse 2006;60:319-346.
35. Kostrzewa RM, Brus R. Lifelong rodent model of tardive dys-

kinesia-persistence after antipsychotic drug withdrawal. 

Curr Top Behav Neurosci 2016;29:353-362.
36. Moore KE. Dyskinesia: animal experimental correlates. Acta 

Psychiatr Scand 1981;63(291 Suppl):88-102.
37. Klawans HL Jr. The pharmacology of tardive dyskinesias. 

Am J Psychiatry 1973;130:82-86.
38. D’Abreu A, Friedman JH. Tardive dyskinesia-like syndrome 

due to drugs that do not block dopamine receptors: rare or 

non-existent: literature review. Tremor Other Hyperkinet 

Mov (N Y) 2018;8:570.
39. Hernandez G, Mahmoudi S, Cyr M, Diaz J, Blanchet PJ, 

Lévesque D. Tardive dyskinesia is associated with altered 

putamen Akt/GSK-3 signaling in nonhuman primates. Mov 

Disord 2019;34:717-726.
40. Mahmoudi S, Lévesque D, Blanchet PJ. Upregulation of dop-

amine D3, not D2, receptors correlates with tardive dyski-

nesia in a primate model. Mov Disord 2014;29:1125-1133.
41. Jiang LH, Kasser RJ, Altar CA, Wang RY. One year of con-

tinuous treatment with haloperidol or clozapine fails to in-

duce a hypersensitive response of caudate putamen neurons 

to dopamine D1 and D2 receptor agonists. J Pharmacol Exp 

Ther 1990;253:1198-1205.
42. Soares KV, McGrath JJ. The treatment of tardive dyski-

nesia--a systematic review and meta-analysis. Schizophr 

Res 1999;39:1-16.
43. El-Sayeh HG, Rathbone J, Soares-Weiser K, Bergman H. 

Non-antipsychotic catecholaminergic drugs for anti-

psychotic-induced tardive dyskinesia. Cochrane Database 

Syst Rev 2018;1:CD000458.
44. Chan CH, Chan HY, Chen YC. Switching antipsychotic treat-

ment to aripiprazole in psychotic patients with neuro-

leptic-induced tardive dyskinesia: a 24-week follow-up 

study. Int Clin Psychopharmacol 2018;33:155-162.
45. Mentzel CL, Bakker PR, van Os J, Drukker M, Matroos GE, 

Hoek HW, et al. Effect of antipsychotic type and dose 

changes on tardive dyskinesia and parkinsonism severity in 



504 S.N. Caroff

patients with a serious mental illness: the Curaçao extra-

pyramidal syndromes study XII. J Clin Psychiatry 2017;78: 

e279-e285.
46. Lin CC, Ondo WG. Non-VMAT2 inhibitor treatments for the 

treatment of tardive dyskinesia. J Neurol Sci 2018;389:48-54.
47. Caroff SN, Davis VG, Miller DD, Davis SM, Rosenheck RA, 

McEvoy JP, et al. Treatment outcomes of patients with tar-

dive dyskinesia and chronic schizophrenia. J Clin Psychiatry 

2011;72:295-303.
48. Fernandez HH, Krupp B, Friedman JH. The course of tardive 

dyskinesia and parkinsonism in psychiatric inpatients: 

14-year follow-up. Neurology 2001;56:805-807.
49. Turek I, Kurland AA, Hanlon TE, Bohm M. Tardive dyski-

nesia: its relation to neuroleptic and antiparkinson drugs. Br 

J Psychiatry 1972;121:605-612.
50. Kane JM, Woerner M, Lieberman J. Tardive dyskinesia: prev-

alence, incidence, and risk factors. J Clin Psychopharmacol 

1988;8(4 Suppl):52S-56S.
51. Gilbert PL, Harris MJ, McAdams LA, Jeste DV. Neuroleptic 

withdrawal in schizophrenic patients. A review of the 

literature. Arch Gen Psychiatry 1995;52:173-188.
52. Bergman H, Walker DM, Nikolakopoulou A, Soares-Weiser 

K, Adams CE. Systematic review of interventions for treating 

or preventing antipsychotic-induced tardive dyskinesia. 

Health Technol Assess 2017;21:1-218.
53. Casey DE, Gerlach J. Tardive dyskinesia: what is the 

long-term outcome? In: Casey DE, Gardos G, editors. Tardive 

dyskinesia and neuroleptics: from dogma to reason. 

Washington, DC:American Psychiatric Press;1986. p.76-97.
54. Glazer WM, Moore DC, Schooler NR, Brenner LM, 

Morgenstern H. Tardive dyskinesia. A discontinuation 

study. Arch Gen Psychiatry 1984;41:623-627.
55. Zutshi D, Cloud LJ, Factor SA. Tardive syndromes are rarely 

reversible after discontinuing dopamine receptor blocking 

agents: experience from a university-based movement dis-

order clinic. Tremor Other Hyperkinet Mov (N Y) 2014;4:266.
56. Bergman H, Rathbone J, Agarwal V, Soares-Weiser K. Anti-

psychotic reduction and/or cessation and antipsychotics as 

specific treatments for tardive dyskinesia. Cochrane Database 

Syst Rev 2018;2:CD000459.
57. Quitkin F, Rifkin A, Gochfeld L, Klein DF. Tardive dyski-

nesia: are first signs reversible? Am J Psychiatry 1977;134: 

84-87.
58. Jeste DV, Potkin SG, Sinha S, Feder S, Wyatt RJ. Tardive dys-

kinesia--reversible and persistent. Arch Gen Psychiatry 

1979;36:585-590.
59. Kane JM, Jeste DV, Barnes TRE, Casey DE, Cole JO, Davis JM, 

et al. Tardive dyskinesia: a task force report of the American 

Psychiatric Association. Washington, DC:American Psychiatric 

Association;1992. 
60. Kane JM, Woerner M, Sarantakos S, Kinon B, Lieberman J. 

Do low dose neuroleptics prevent or ameliorate tardive dys-

kinesia? In: Casey DE, Gardos G, editors. Tardive dyskinesia 

and neuroleptics: from dogma to reason. Washington, 

DC:American Psychiatric Press;1986. p.100-107.
61. Caroff SN, Mu F, Ayyagari R, Schilling T, Abler V, Carroll B. 

Hospital utilization rates following antipsychotic dose re-

ductions: implications for tardive dyskinesia. BMC Psychiatry 

2018;18:306.
62. Caroff SN, Mu F, Ayyagari R, Schilling T, Abler V, Carroll B. 

Hospital utilization rates following antipsychotic dose re-

duction in mood disorders: implications for treatment of tar-

dive dyskinesia. BMC Psychiatry 2020;20:365.
63. Egan MF, Apud J, Wyatt RJ. Treatment of tardive dyskinesia. 

Schizophr Bull 1997;23:583-609.
64. Kazamatsuri H, Chien CP, Cole JO. Long-term treatment of 

tardive dyskinesia with haloperidol and tetrabenazine. Am J 

Psychiatry 1973;130:479-483.
65. Mentzel TQ, van der Snoek R, Lieverse R, Oorschot M, 

Viechtbauer W, Bloemen O, et al. Clozapine monotherapy 

as a treatment for antipsychotic-induced tardive dyskinesia: 

a meta-analysis. J Clin Psychiatry 2018;79:17r11852.
66. Tarsy D, Baldessarini RJ, Tarazi FI. Effects of newer anti-

psychotics on extrapyramidal function. CNS Drugs 2002; 

16:23-45.
67. Tenback DE, van Harten PN, Slooff CJ, Belger MA, van Os J. 

Effects of antipsychotic treatment on tardive dyskinesia: a 

6-month evaluation of patients from the European 

Schizophrenia Outpatient Health Outcomes (SOHO) study. 

J Clin Psychiatry 2005;66:1130-1133.
68. Jankovic J. Dopamine depleters in the treatment of hyper-

kinetic movement disorders. Expert Opin Pharmacother 

2016;17:2461-2470.
69. Citrome L. Tardive dyskinesia: placing vesicular mono-

amine transporter type 2 (VMAT2) inhibitors into clinical 

perspective. Expert Rev Neurother 2018;18:323-332.
70. Meyer JM. Forgotten but not gone: new developments in the 

understanding and treatment of tardive dyskinesia. CNS 

Spectr 2016;21(1 Suppl):13-24.
71. Scorr LM, Factor SA. VMAT2 inhibitors for the treatment of 

tardive dyskinesia. J Neurol Sci 2018;389:43-47.
72. Solmi M, Pigato G, Kane JM, Correll CU. Treatment of tar-

dive dyskinesia with VMAT-2 inhibitors: a systematic review 

and meta-analysis of randomized controlled trials. Drug Des 

Devel Ther 2018;12:1215-1238.
73. Caroff SN, Aggarwal S, Yonan C. Treatment of tardive dyski-

nesia with tetrabenazine or valbenazine: a systematic review. 

J Comp Eff Res 2018;7:135-148.
74. Leung JG, Breden EL. Tetrabenazine for the treatment of tar-

dive dyskinesia. Ann Pharmacother 2011;45:525-531.
75. Citrome L. Valbenazine for tardive dyskinesia: a systematic 

review of the efficacy and safety profile for this newly ap-

proved novel medication-what is the number needed to 

treat, number needed to harm and likelihood to be helped or 

harmed? Int J Clin Pract 2017;71:e12964.
76. O’Brien CF, Jimenez R, Hauser RA, Factor SA, Burke J, 



 Recent Advances in Tardive Dyskinesia 505

Mandri D, et al. NBI-98854, a selective monoamine trans-

port inhibitor for the treatment of tardive dyskinesia: a 

randomized, double-blind, placebo-controlled study. Mov 

Disord 2015;30:1681-1687.
77. Hauser RA, Factor SA, Marder SR, Knesevich MA, Ramirez 

PM, Jimenez R, et al. KINECT 3: a phase 3 randomized, dou-

ble-blind, placebo-controlled trial of valbenazine for tardive 

dyskinesia. Am J Psychiatry 2017;174:476-484.
78. Factor SA, Remington G, Comella CL, Correll CU, Burke J, 

Jimenez R, et al. The effects of valbenazine in participants 

with tardive dyskinesia: results of the 1-year KINECT 3 ex-

tension study. J Clin Psychiatry 2017;78:1344-1350.
79. Caroff S, Lindenmayer JP, Farahmand K, Burke J, Siegert S. 

Characteristics of patients with tardive dyskinesia who 

maintain treatment response after discontinuing long-term 

valbenazine: pooled analysis of two trials. In: ACNP 57th 

Annual Meeting; Dec 9-13, 2018; Hollywood, USA. 
80. Citrome L. Deutetrabenazine for tardive dyskinesia: a sys-

tematic review of the efficacy and safety profile for this new-

ly approved novel medication-what is the number needed to 

treat, number needed to harm and likelihood to be helped or 

harmed? Int J Clin Pract 2017;71:e13030.
81. Fernandez HH, Factor SA, Hauser RA, Jimenez-Shahed J, 

Ondo WG, Jarskog LF, et al. Randomized controlled trial of 

deutetrabenazine for tardive dyskinesia: the ARM-TD study. 

Neurology 2017;88:2003-2010.
82. Anderson KE, Stamler D, Davis MD, Factor SA, Hauser RA, 

Isojärvi J, et al. Deutetrabenazine for treatment of in-

voluntary movements in patients with tardive dyskinesia 

(AIM-TD): a double-blind, randomised, placebo-controlled, 

phase 3 trial. Lancet Psychiatry 2017;4:595-604.
83. Anderson KE, Stamler D, Davis MD. Deutetrabenazine for 

the treatment of tardive dyskinesia: results from an open-la-

bel, long-term study. In: American Psychiatric Association 

(APA) 2017 Annual Meeting; May 20-24, 2017; San Diego, 

USA. 
84. Mandel RJ, Hartgraves SL, Severson JA, Woodward JJ, 

Wilcox RE, Randall PK. A quantitative estimate of the role of 

striatal D-2 receptor proliferation in dopaminergic behav-

ioral supersensitivity: the contribution of mesolimbic dop-

amine to the magnitude of 6-OHDA lesion-induced agonist 

sensitivity in the rat. Behav Brain Res 1993;59:53-64.
85. Moy SS, Criswell HE, Breese GR. Differential effects of bi-

lateral dopamine depletion in neonatal and adult rats. 

Neurosci Biobehav Rev 1997;21:425-435.
86. Borgkvist A, Lieberman OJ, Sulzer D. Synaptic plasticity may 

underlie l-DOPA induced dyskinesia. Curr Opin Neurobiol 

2018;48:71-78.
87. Caroff SN. Risk of neuroleptic malignant syndrome with vesi-

cular monoamine transporter inhibitors. Clin Psychopharmacol 

Neurosci 2020;18:322-326.
88. Gunne LM, Andrén PE. An animal model for coexisting tar-

dive dyskinesia and tardive parkinsonism: a glutamate hy-

pothesis for tardive dyskinesia. Clin Neuropharmacol 1993; 

16:90-95.
89. Andreassen OA, Aamo TO, Jøorgensen HA. Inhibition by 

memantine of the development of persistent oral dyskinesias 

induced by long-term haloperidol treatment of rats. Br J 

Pharmacol 1996;119:751-757.
90. Oertel W, Eggert K, Pahwa R, Tanner CM, Hauser RA, 

Trenkwalder C, et al. Randomized, placebo-controlled trial 

of ADS-5102 (amantadine) extended-release capsules for 

levodopa-induced dyskinesia in Parkinson’s disease (EASE 

LID 3). Mov Disord 2017;32:1701-1709.
91. Paik J, Keam SJ. Amantadine extended-release (GOCOVRITM): 

a review in levodopa-induced dyskinesia in Parkinson’s 
disease. CNS Drugs 2018;32:797-806.

92. Caroff SN, Jain R, Morley JF. Revisiting amantadine as a 

treatment for drug-induced movement disorders. Ann Clin 

Psychiatry 2020;32:198-208.
93. Kornhuber J, Weller M, Schoppmeyer K, Riederer P. Amantadine 

and memantine are NMDA receptor antagonists with neuro-

protective properties. J Neural Transm 1994;43 Suppl:91-104.
94. Greenamyre JT, O’Brien CF. N-methyl-D-aspartate antago-

nists in the treatment of Parkinson’s disease. Arch Neurol 

1991;48:977-981.
95. Stoof JC, Booij J, Drukarch B, Wolters EC. The anti-parkinsonian 

drug amantadine inhibits the N-methyl-D-aspartic acid- 

evoked release of acetylcholine from rat neostriatum in a 

non-competitive way. Eur J Pharmacol 1992;213:439-443.
96. Perez-Lloret S, Rascol O. Efficacy and safety of amantadine 

for the treatment of L-DOPA-induced dyskinesia. J Neural 

Transm (Vienna) 2018;125:1237-1250.
97. Vale S, Espejel MA. Amantadine for dyskinesia tarda. N Engl 

J Med 1971;284:673.
98. Allen RM. Palliative treatment of tardive dyskinesia with 

combination of amantadine-neuroleptic administration. Biol 

Psychiatry 1982;17:719-727.
99. Crane GE. More on amantadine in tardive dyskinesia. N Engl 

J Med 1971;285:1150-1151.
100. Angus S, Sugars J, Boltezar R, Koskewich S, Schneider NM. 

A controlled trial of amantadine hydrochloride and neuro-

leptics in the treatment of tardive dyskinesia. J Clin 

Psychopharmacol 1997;17:88-91.
101. Pappa S, Tsouli S, Apostolou G, Mavreas V, Konitsiotis S. 

Effects of amantadine on tardive dyskinesia: a randomized, 

double-blind, placebo-controlled study. Clin Neuropharmacol 

2010;33:271-275.
102. van Harten PN, Hoek HW, Matroos GE, Koeter M, Kahn RS. 

The inter-relationships of tardive dyskinesia, parkinsonism, 

akathisia and tardive dystonia: the Curaçao extrapyramidal 

syndromes study II. Schizophr Res 1997;26:235-242.
103. Ward KM, Citrome L. Antipsychotic-related movement dis-

orders: drug-induced parkinsonism vs. tardive dyskinesia- 

key differences in pathophysiology and clinical management. 

Neurol Ther 2018;7:233-248.



506 S.N. Caroff

104. Miller R, Chouinard G. Loss of striatal cholinergic neurons as 

a basis for tardive and L-dopa-induced dyskinesias, neuro-

leptic-induced supersensitivity psychosis and refractory 

schizophrenia. Biol Psychiatry 1993;34:713-738.
105. Conti MM, Chambers N, Bishop C. A new outlook on chol-

inergic interneurons in Parkinson’s disease and L-DOPA-in-

duced dyskinesia. Neurosci Biobehav Rev 2018;92:67-82.
106. Bergman H, Soares-Weiser K. Anticholinergic medication 

for antipsychotic-induced tardive dyskinesia. Cochrane 

Database Syst Rev 2018;1:CD000204.
107. Caroff SN, Campbell EC, Havey J, Sullivan KA, Mann SC, 

Gallop R. Treatment of tardive dyskinesia with donepezil: a 

pilot study. J Clin Psychiatry 2001;62:772-775.
108. Caroff SN, Walker P, Campbell C, Lorry A, Petro C, Lynch K, 

et al. Treatment of tardive dyskinesia with galantamine: a 

randomized controlled crossover trial. J Clin Psychiatry 

2007;68:410-415.
109. Tammenmaa-Aho I, Asher R, Soares-Weiser K, Bergman H. 

Cholinergic medication for antipsychotic-induced tardive 

dyskinesia. Cochrane Database Syst Rev 2018;3:CD000207.
110. Shen W, Plotkin JL, Francardo V, Ko WK, Xie Z, Li Q, et al. 

M4 muscarinic receptor signaling ameliorates striatal plasti-

city deficits in models of L-DOPA-induced dyskinesia. 

Neuron 2015;88:762-773.
111. Quik M, Boyd JT, Bordia T, Perez X. Potential therapeutic 

application for nicotinic receptor drugs in movement 

disorders. Nicotine Tob Res 2019;21:357-369.
112. Bonsi P, Cuomo D, Martella G, Madeo G, Schirinzi T, Puglisi 

F, et al. Centrality of striatal cholinergic transmission in 

Basal Ganglia function. Front Neuroanat 2011;5:6.
113. Chambers NE, Meadows SM, Taylor A, Sheena E, Lanza K, 

Conti MM, et al. Effects of muscarinic acetylcholine m1 and 

m4 receptor blockade on dyskinesia in the hemi-parkinso-

nian rat. Neuroscience 2019;409:180-194.
114. Bordia T, Hrachova M, Chin M, McIntosh JM, Quik M. 

Varenicline is a potent partial agonist at 62* nicotinic 

acetylcholine receptors in rat and monkey striatum. J 

Pharmacol Exp Ther 2012;342:327-334.
115. Quik M, Bordia T, Zhang D, Perez XA. Nicotine and nic-

otinic receptor drugs: potential for Parkinson’s disease and 

drug-induced movement disorders. Int Rev Neurobiol 

2015;124:247-271.
116. Bordia T, McIntosh JM, Quik M. Nicotine reduces anti-

psychotic-induced orofacial dyskinesia in rats. J Pharmacol 

Exp Ther 2012;340:612-619.
117. Caroff SN, Gutman AR, Northrop J, Leong SH, Berkowitz 

RM, Campbell EC. Effect of varenicline on tardive dyski-

nesia: a pilot study. Clin Psychopharmacol Neurosci 2020. 

http://www.cpn.or.kr/journal/view.html?uid=1107&vmd= 

Full&. [Epub ahead of print] 
118. Alabed S, Latifeh Y, Mohammad HA, Bergman H. Gamma- 

aminobutyric acid agonists for antipsychotic-induced tar-

dive dyskinesia. Cochrane Database Syst Rev 2018;4: 

CD000203.
119. Bergman H, Bhoopathi PS, Soares-Weiser K. Benzodiazepines 

for antipsychotic-induced tardive dyskinesia. Cochrane 

Database Syst Rev 2018;1:CD000205.
120. Woods SW, Saksa JR, Baker CB, Cohen SJ, Tek C. Effects of 

levetiracetam on tardive dyskinesia: a randomized, dou-

ble-blind, placebo-controlled study. J Clin Psychiatry 2008; 

69:546-554.
121. Lister J, Andreazza AC, Navaid B, Wilson VS, Teo C, 

Nesarajah Y, et al. Lipoic acid and haloperidol-induced vac-

uous chewing movements: Implications for prophylactic an-

tioxidant use in tardive dyskinesia. Prog Neuropsychophar-

macol Biol Psychiatry 2017;72:23-29.
122. Adelufosi AO, Abayomi O, Ojo TM. Pyridoxal 5 phosphate 

for neuroleptic-induced tardive dyskinesia. Cochrane Database 

Syst Rev 2015;(4):CD010501.
123. Zheng W, Xiang YQ, Ng CH, Ungvari GS, Chiu HF, Xiang 

YT. Extract of Ginkgo biloba for tardive dyskinesia: meta- 

analysis of randomized controlled trials. Pharmacopsychiatry 

2016;49:107-111.
124. Soares-Weiser K, Maayan N, Bergman H. Vitamin E for anti-

psychotic-induced tardive dyskinesia. Cochrane Database 

Syst Rev 2018;1:CD000209.
125. Hatcher-Martin JM, Armstrong KA, Scorr LM, Factor SA. 

Propranolol therapy for tardive dyskinesia: a retrospective 

examination. Parkinsonism Relat Disord 2016;32:124-126.
126. Salem H, Nagpal C, Pigott T, Teixeira AL. Revisiting anti-

psychotic-induced akathisia: current issues and prospective 

challenges. Curr Neuropharmacol 2017;15:789-798.




