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Abstract
Tardive syndrome (TS) is an iatrogenic, often persistent movement disorder caused by drugs that block dopamine receptors. It
has a broad phenotype including movement (orobuccolingual stereotypy, dystonia, tics, and others) and nonmotor features
(akathisia and pain). TS has garnered increased attention of late because of the Food and Drug Administration approval of the
first therapeutic agents developed specifically for this purpose. This paper will begin with a discussion on pathogenesis, clinical
features, and epidemiology. However, the main focus will be treatment options currently available for TS including a suggested
algorithm based on current evidence. Recently, there have been significant advances in TS therapy, particularly with the
development of 2 new vesicular monoamine transporter type 2 inhibitors for TS and with new data on the efficacy of deep brain
stimulation. The discussion will start with switching antipsychotics and the use of clozapine monotherapy which, despite the lack
of higher-level evidence, should be considered for the treatment of psychosis and TS. Anti-dyskinetic drugs are separated into 3
tiers: 1) vesicular monoamine transporter type 2 inhibitors, which have level A evidence, are approved for use in TS and are
recommended first-choice agents; 2) drugs with lower level of evidence for efficacy including clonazepam, Ginkgo biloba, and
amantadine; and 3) drugs that have the potential to be beneficial, but currently have insufficient evidence including levetiracetam,
piracetam, vitamin B6, melatonin, baclofen, propranolol, zolpidem, and zonisamide. Finally, the roles of botulinum toxin and
surgical therapy will be examined. Current therapies, though improved, are symptomatic. Next steps should focus on the
prevention and reversal of the pathogenic process.
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Introduction

Tardive syndrome (TS) is an iatrogenic, clinically heteroge-
neous, and often persistent movement disorder caused by
drugs that block dopamine receptors including antipsychotics
and anti-emetics. The syndrome can be seen in patients with
and without psychiatric disease and can result in embarrass-
ment, disability, and deformity. It is associated with adverse
healthcare outcomes and diminished quality of life [1, 2].
Although first described in the 1950s [3–5], and later named
in 1964 to reflect recognition that the disorder was seen after
chronic use of the agents [6], it is only in the last 3 years that

significant attention has turned to TS in part because of the
Food and Drug Administration (FDA) approval of the first
therapeutic agents developed specifically for this purpose.
The terminology has evolved in recent years as well, such that
the term tardive syndrome is used to include the full pheno-
typic spectrum of delayed and persistent movement and
nonmotor disorders that occur secondary to dopamine recep-
tor blocking agent (DRBA) exposure [7, 8]. Tardive
dyskinesia in the past was used to either include the entire
spectrum of tardive movement disorders or as a term for the
classical repetitive orofacial syndrome. It is sometimes diffi-
cult to interpret which the authors are referring to. For the
purposes of this paper, tardive syndrome is used as a term to
encompass the entire spectrum, whereas tardive dyskinesia
primarily refers to the classical syndrome and corresponding
repetitive movements that can appear in the limbs, trunk, or
pelvis (see the clinical features discussion below) [8]. The
definition of TS by the Diagnostic and Statistical Manual of
Mental Disorders, Fifth Edition (DSM-5) classifies TS as
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“involuntary movements (lasting at least a few weeks) gener-
ally of the tongue, lower face and jaw, and extremities (but
sometimes involving the pharyngeal, diaphragmatic, or trunk
muscles), developing in association with the use of a neuro-
leptic medication for at least a few months” [9]. DSM IV
previously provided specific durations of exposure of
DRBAs based on the Schooler–Kane criteria [10], 3 months
in general and 1 month for the elderly. In order to make a
diagnosis of TS, the movement disorder must persist for at
least 1 month.

Although tardive movement disorders usually appear after
months or years of treatment with DRBAs, rarely they can
occur even after a brief exposure (e.g., several hours or days)
[8]. In this paper, we will refer to first-generation antipsychot-
ic agents as FGA and second- and third-generation (atypical)
antipsychotics combined as SGA when addressing their role
in the development of TS.

This paper will include discussions on pathophysiology,
clinical features, epidemiology, and treatments. Treatment
will start with medications. That will be followed by discus-
sions of botulinum toxin and surgical therapies and finished
with a suggested algorithm for approaching these patients.

Pathophysiology

The pathophysiology of TS remains uncertain, but it appears
to be related to a persistent hyperdopaminergic state. The pre-
vailing hypothesis has related to an upregulation of dopamine
D2 receptors with a subsequent hypersensitivity and increased
affinity to dopamine [11–13]. This model would certainly
explain why the hyperkinetic disorder develops, and why it
responds to greater dopamine blockade and/or depletion of
dopamine pharmacologically. However, D2 hypersensitivity
alone seems to be insufficient to account for TS. It does not
explain why only a fraction of patients develop TS; rodent
animal models indicate that hypersensitivity of D2 receptors
is present in all exposed animals, even those without the char-
acteristic vacuous chewing movements described in the mod-
el, nor does it explain why the onset occurs after months to
years of exposure since hypersensitivity in rodent models is
present within days to weeks [14]. In some rodent models,
both early and late (after > 6-months neuroleptic exposure)
onset movements, which differ pharmacologically but not
phenomenologically, have been reported with late-onset type
being most likely TS from the standpoint of timing and re-
sponsiveness to anticholinergic agents [14, 15]. Another issue
is that TS is often persistent, yet hypersensitivity diminishes
over time in rodent models, and dopamine receptor numbers
return to baseline after DRBAs are withdrawn although it
takes longer with chronic exposure [15]. In rodent models,
there are questions as to the relatability of the vacuous
chewing movements and TS movements and the association

with age and sex do not appear to impact rodent model re-
sponse to antipsychotics [15]. In older rodents with an in-
creased number of vacuous chewing movements, there may
be an association with histopathological changes in the
substantia nigra [16]. Further, it is not even clear that receptors
become hypersensitive physiologically in rodents [17].
Attempts to develop nonhuman primate models of TS have
met with species variations in incidence and phenomenology.
These studies require long-term treatment and are costly [15].
Imaging, postmortem, and immunochemistry studies in
humans and nonhuman primates have not been able to con-
sistently confirm either upregulation or hypersensitivity of
dopamine D2 receptors in those exposed to DRBAs
[18–22]. As the D2 hypothesis has not found consistency,
others have examined other potential mechanisms of dopa-
mine hyperactivity. One study in nonhuman primate models
found robust upregulation of D3 receptor binding in the stria-
tum [23]. D3 hypersensitivity may potentiate D1 receptors’
enhancing activity of the direct pathway leading to hyperki-
nesia [14]. Alterations in the D3 receptor-dependent Akt/
GSK-3β signaling cascade appear to be more specifically as-
sociated with TS in nonhuman primate models [14]. Another
hypothesis relates to multifaceted changes in dopaminergic
signaling. These changes include an increase in the dopamine
receptors, the development of postsynaptic maladaptive syn-
aptic plasticity with increased synapse number and synaptic
morphological change (so-called perforated synapses—a
splitting of synapses when the strength of dopamine signaling
is increased), and presynaptic increase in dopamine release
due to higher vesicular dopamine concentrations [13].
Further evidence is needed with all these hypotheses.

Two theories might explain why some patients exposed to
DRBAs, but not all, develop TS. The first relates to which drug
is prescribed. Some atypical agents (clozapine and quetiapine in
particular) are thought to bind postsynaptic D2 receptors in the
striatum loosely, they then dissociate quickly, whereas the more
typical DRBAs such as haloperidol are thought to bind tightly
and have long-lasting effects on the receptors [24]. In this the-
ory, the atypical agents bind just long enough to have antipsy-
chotic action, but only long enough to cause fewer, if any,
neurological adverse effects [25, 26]. In the second theory, TS
is associated with deficient adaptation of 5-HT2A, metabotro-
pic andNMDA receptors, and vesicular monoamine transporter
type 2 (VMAT2) levels in the striatum as shown in nonhuman
primates chronically exposed to antipsychotic drugs [27].

Several other pathogenic hypotheses have been studied
which may occur in isolation or in association with D2 hyper-
sensitivity [28]. It is beyond the scope of this paper to discuss
them in detail, but they are listed here as they are relevant to
some of the drug treatments studied in TS. They include
changes in glutamic acid decarboxylase and gamma-
aminobutyric acid (GABA) (diminished activity) [29], opioid
peptides (enkephalin and dynorphin) and their receptors
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(increased activity) [30], brain norepinephrine and serotonin
[31], and glutamate (higher levels of N-acetylaspartate, N-
acetylaspartylglutamate, and aspartate) [32]. Another theory
relates to the development of oxidative stress including the
finding that mitochondrial complex I activity is inhibited by
neuroleptics [33]. This could conceivably lead to neurodegen-
eration. Structural or pathological changes have not been dem-
onstrated consistently in humans with TS or their correspond-
ing animal models through autopsy or neuroimaging. One
hypothesis suggests that degeneration of GABAergic neurons
leads to disinhibition of the nigrostriatal tract resulting in a
hyperdopaminergic state. Other studies suggest there may be
other regions of degeneration. Dopamine transporter imaging
has demonstrated a 3-fold increase in dopamine nigrostriatal
terminal loss in schizophrenia patients treated chronically with
antipsychotics and may be higher in those with TS [34]. This
was thought to relate to accumulation of antipsychotics in the
neuromelanin of nigral dopaminergic neurons and secondary
toxicity or, alternatively, reduced synthesis of dopamine trans-
porters. A study of voxel-based structural MRI imaging dem-
onstrated decreased volume in the caudate nucleus and puta-
men in chronic schizophrenia with TS compared with those
without TS and healthy controls [35]. Nonhuman primate
models have indicated possible degeneration of the basal nu-
cleus and caudate nucleus [15].

Additionally, there have been several studies examining
genetic variations that may explain why some patients have
susceptibility to developing TS and may provide etiological
clues [36, 37]. The studies are mostly small, and results are
mixed but there are several standouts. For details, see the
review by Zai et al. [36]. Genes that govern antipsychotic
metabolism, CYP2D6, have been of great interest. It appears
that high enzyme activity protects against risk for TS, whereas
low functioning genotypes increase the risk. This requires
further confirmation. The most promising genes associated
with TS include genes impacting the dopamine system which
enhance the dopamine hypersensitivity hypothesis including
DRD2, DRD3, and VMAT2. In addition, heparan sulfate pro-
teoglycan 2, serotonin 2A and 2C receptors (HTR2A,
HTR2C), and manganese superoxide dismutase variants asso-
ciated with TS provide potential supporting the roles of the
blood–brain barrier, serotonin, and oxidative stress. One
whole exome sequencing study found the regulating synaptic
membrane exocytosis 2 gene as the only significant associa-
tion with severe TS [38]. This requires confirmation.

Clinical Features

Tardive syndrome has a broad phenotype (shown in Table 1).
There are motor and nonmotor subtypes. Motor types include
the classical tardive dyskinesia syndrome characterized by
orofacial dyskinesia including lip, jaw, and tongue movements

but which can also include limbs and trunk. The second most
common is tardive dystonia which, although it can have fairly
specific features of retrocollis, truncal dystonia, and internal
arm rotation, can look identical to idiopathic dystonia [39].
Other less common types include stereotypy, tic, tremor, cho-
rea, myoclonus, and gait [40–44]. There are also sensory forms
of TS such as akathisia and pain syndromes [45, 46]. Although
they are all brought on by dopamine D2 receptor blocking
agents, there are some variations in demographics and pharma-
cology [47]. For example, tardive dystonia is more common in
young men, whereas classical tardive dyskinesia and tardive
akathisia occur more frequently in older women. Tardive dys-
tonia can improve with anticholinergic therapy, whereas the
same treatment will worsen classical tardive dyskinesia and
have no effect on tardive akathisia. Tardive dystonia may also
be less likely to remit [48].

The onset of TS generally occurs after long-term exposure
(months plus) while remaining on the antipsychotic or after
lowering the dose or complete withdrawal of the drug.
However, there have been cases with few or even 1 exposure,
so there is no safe period. Symptoms typically begin with an
insidious onset, evolving to a full syndrome over days to
weeks. This is followed by a stabilization of symptoms in a
chronic, but sometimes waxing and waning course [47]. The
severity of TS is quite variable, ranging from mild and unno-
ticed by the patient to disabling and even life-threatening [49,
50]. “Withdrawal-emergent syndrome” is a form of chorea
that, by definition, lasts less than a month, then remits. This
is more common in children [47].

Studies of the natural history of TS have been limited and
reported a wide range of remission rates for different popula-
tions (1-62%) [28]. Early studies (1970s and 1980s) suggested
that about 50% of cases remitted but this included withdrawal-
emergent cases [5, 51]. Most of the reported studies have been
conducted in patients with schizophrenia who remained on
DRBAs. Two studies have examined remission of TS after
complete discontinuation of the offending agents [52, 53].
One was a prospective study of 49 psychiatric patients in whom
36 could actually stop their antipsychotics. In this study, only
2% had complete resolution and 20% showed improvement
[52]. In a retrospective cohort study of 108 TS patients in whom
the inciting medications were completely withdrawn (mean age
59 years, 69% females, 95% nonschizophrenic diagnosis), the
mean duration of antipsychotic exposure was 4.8 years [53]. Of
these cases, 42% were exposed to anti-emetic drugs with dopa-
mine blocking effects (87% metoclopramide), 36% were on
SGA, and 7% were on FGA. TS remitted with just withdrawal
of the neuroleptics in 2% and resolved in an additional 11%
with treatment with various agents after 3.7 years of no expo-
sure to DRBAs. Finally, longitudinal studies of tardive dystonia
demonstrated a remission rate of only ~ 10% [8].

It is beyond the scope of this paper to discuss in any detail
the differential diagnosis of TS. See Table 2 for a listing.
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Epidemiology

The frequency of TS has been wide-ranging over the decades
since antipsychotics were approved. There are various reasons
for the broad ranges that have been reported including the
following: patients are frequently treated with multiple medi-
cations or combinations, varied doses, and potencies; antipsy-
chotics can mask symptoms and hence the presence of TS
may fluctuate; patients may be unaware of the presence of
TS; because TS is often a secondary issue to psychiatric dis-
ease, it may not be coded during visits; and there is a varied
presence of different risk factors [54, 55].

Unmodifiable patient-related and illness-related risk factors
for TS include older age (2-5× increased incidence in the
elderly) [37], female sex, African-American descent (2× in-
crease), intellectual disability and brain damage, affective dis-
orders, and cognitive symptoms associated with mood disor-
ders. Potentially modifiable comorbidity-related and
treatment-related factors include diabetes mellitus (2×

increase), smoking, alcohol and substance abuse, exposure
to antipsychotic drugs with higher D2 blockade effect, higher
cumulative and current dose or antipsychotic plasma levels,
antipsychotic drug holidays (periods where the antipsychotic
therapy is held), anticholinergic exposure, and acute drug-
induced movement disorders such as parkinsonism and
akathisia [37, 56]. The role of pharmacogenomics in evaluat-
ing the risk of TS remains to be determined. As mentioned
earlier, gene polymorphisms involving antipsychotic metabo-
lism and dopamine functioning have been of greatest interest
[11, 36, 56].

Tardive syndrome is common and probably underreported
[57]. Despite the variance, there are standard figures for inci-
dence and prevalence based on the work published in 1988 by
Kane et al. indicating a point prevalence of 15% and an inci-
dence of 5% per year which grew linearly over at least the first
5 years [58]. These were confirmed in 1993 and 1995 with
further data indicating higher figures for the elderly, perhaps
up to 20% per year incidence [59, 60]. As SGA were

Table 1 Clinical phenotypes of TS [8, 39–47, 163]

Syndrome Clinical description

Classical tardive dyskinesia Complex, rhythmic, repetitive, chewing movement, lip smacking, puckering, opening/closing of the mouth,
and tongue protrusion (bon bon)

Other terms: orobuccolingual dyskinesia
Buccolingual masticatory dyskinesia
May have limb, trunk, and diaphragmatic movement as well (see below)

Tardive stereotypy (related to classical
tardive dyskinesia)

Movements which appear purposeful, repetitive, rhythmic and coordinated movements: craniocervical, limb
and trunk, and pelvis

Tardive dystonia Focal, segmental, or generalized dystonia
May be identical to idiopathic dystonia
Cervical/axial dystonia most common—retrocollis, trunk hyperextension (opisthotonus)
Cranial forms, blepharospasm, oromandibular dystonia, lingual dystonia

Tardive akathisia Sensory features: inner restlessness, tension, urge to move, dysphoria
Motor features: appearing restless, inability to sit, stand, or lie still; pacing, walking in place, leg rubbing,

body-rocking, leg-swinging or crossing, toe-tapping, and an inability to stay in 1 place (tasikinesia),
repetitive touching

Tardive tics Tourettism: adult onset, brief involuntary movements, urge to move, sensory phenomena, suppressible,
classical distribution of tics (simple or complex motor or vocal)—blinking, neck movements, limb
movements, vocalizations

Tardive chorea Random involuntary, flowing movements, can be generalized, respiratory dyskinesia

Tardive myoclonus Brief, rapid jerky movements, generalized or focal, spontaneous or stimulus-sensitive

Tardive tremor Postural and/or kinetic > rest tremor, low frequency

Tardive gait Varied phenotype depending on underlying movement disorder:
Bizarre gait
Dance-like, gyrating
Wide-based, unsteady
Shuffling
Dystonic
Incessant

Tardive pain and sensory Oral, genital distribution of burning pain

Tardive vocalizations Tics, grunting, groaning, bruxism

Tardive ocular deviation Conjugate eye deviation upward, oculogyria without pain

Tardive complex (or mixed) Mixed syndromes of above-described phenotypes
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developed, early figures suggested much lower TS incidence
and prevalence suggesting greater safety, but the outcome
over time has been a more modest change [55]. In 2004,
Correll et al. [61] examined 11 studies, 2769 patients, up to
the year 2003 in a meta-analysis demonstrating 0.8% inci-
dence for SGA versus 5.4% for FGA. But in 2008, Correll
et al. [62] in another meta-analysis examined 12 additional
trials published between 2004 and 2008 that included
30,198 patients demonstrated incidences that were much clos-
er: 3.9% for SGA versus 5.5% for FGA. Six of these studies
directly compared incidence rates and found figures of 4.2%
and 5.5% for SGA and FGA, respectively. With time, the
prevalence and incidence with SGA have approached the ear-
ly figures for FGA. For example, in 2010, Woods et al. [63]

performed a similar study at the same institution to the 1993
paper [59] with the main difference being that 64% of patients
were now on an SGA. The annual incidence for SGA was
0.053 versus 0.066 for FGA with identical prevalence (>
30%). Several more recent studies provide supportive data
that incidence and prevalence rates for FGA and SGA are
similar. For example, the Clinical Antipsychotic Trials of
Intervention Effectiveness trial (CATIE trial-a clinical trial
of nearly 1500 patients randomized to 5 separate antipsy-
chotics) demonstrated no difference between the 2 classes of
drugs [64]. Mentzel et al. examined 447 patients treated for at
least 3 years (87% treated with SGA) and found an incidence
rate of 4.7% [65]. Ryu et al. examined the prevalence of TS in
80 subjects with schizophrenia or schizoaffective disorder
who were never exposed to FGA. The prevalence of all
tardive syndromes was 35% over a period of > 1 year of ther-
apy [66]. Finally, recent meta-analyses were completed for
prevalence and incidence comparing FGA and SGA. One ex-
amined the prevalence of TS in 41 randomized clinical trials
that prescribed FGA and SGA for psychotic disorders from
2000 to 2015 (n = 11,493) [67]. TS prevalence rates were 21%
for SGA and 30% for FGA which were significantly different
(p = 0.002). In 20 studies, the 2 drug classes were directly
compared, and the prevalence was 25.3% for SGA and
30.1% for FGA (p = 0.01). However, when the analysis was
restricted to patients treated with SGA and never exposed to
FGA, the prevalence was 7.2%. The annualized TS incidence
across FGA versus SGA from 57 randomized trials (n =
19,859) reported from 1997 to 2018 was 6.5% and. 2.6%,
respectively [68]. Although the relative risk of TS appears to
be, therefore, less with SGA, it is not insignificant and the fact
that SGA are more widely prescribed (especially for off-label
use such as affective, sleep, and behavior disorders) suggests
that the absolute number of new cases of TS may actually be
increasing [69]. Data indicate that prescribing overall in the
USA has increased at least 3-fold with a 10-fold increase in
children [69]. These findings support the notion that the inci-
dence of TS in 2020 is similar to that examined in the 1980s
and 1990s. The key point is that SGA do not provide a sub-
stantially greater safety margin. An examination of individual
agents demonstrated that all SGAwere associated with signif-
icantly more drug-induced movement disorders than placebo,
but there is variability between agents. Clozapine appears to
have the lowest risk [70], whereas lurasidone and risperidone
have the highest risk. This is difficult to measure as the figures
are varied by study [68].

In addition to its association with adverse healthcare
outcomes and diminished quality of life [1], TS is associ-
ated with an increased mortality rate compared to patients
on antipsychotics without TS although there is no appar-
ent specific cause associated with death [71]. Causes of
death include esophageal dyskinesia and respiratory dys-
kinesia [48, 49].

Table 2 Differential diagnosis of orofacial and cervical dyskinesia [11,
164]

Orofacial–cervical tremors

Essential tremor—head and jaw

Parkinsonian tremor involving lips, jaw, and tongue

Cerebellar tremor

Palatal myoclonus—with synchronized ocular, shoulder, and head
movements

Orofacial myoclonus

Facial myoclonus (as seen with prion disease and metabolic disorders)

Hemifacial spasm

Facial myokymia

Facial synkinesis

Orofacial tics

Transient or chronic simple tics

Tourette syndrome

Orofacial chorea

Huntington disease and HD-like disorders

Sydenham chorea

Hepatocerebral degeneration

Neuroacanthocytosis

Cerebellar infarction

Edentulous malocclusion

Tumors (primary or metastatic)

Paraneoplastic syndrome—NMDA antibodies, CRMP5 antibodies

Spontaneous oral masticatory syndrome of the elderly

Orofacial dystonia

Craniocervical dystonia

Blepharospasm

Oromandibular dystonia

Cervical dystonia

Drug-induced chorea dyskinesia

Levodopa, amphetamine, cocaine, TCAs, cimetidine, cinnarizine,
flunarizine, phenytoin intoxication, anti-histamines, anticholinergics,
benzodiazepines, and lithium

Others

Functional tardive dyskinesia
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Treatment

In 2013, the American Academy of Neurology published an
evidence-based treatment guideline for TS [72]. The results
were disappointing and indicated that after nearly 60 years
there was very limited evidence for any treatment. There were
2 drugs with level B evidence (clonazepam and Ginkgo
biloba) and 2 with level C evidence (tetrabenazine and aman-
tadine). The rest of the more than 2 dozen treatments lacked
sufficient evidence. The use of antipsychotics such as risper-
idone was, and is currently not, recommended because they
are causative agents. They also indicated that anticholinergics
should not be recommended as well. This lack of evidence is
in line with a substantial drop in interest and publications from
the mid-1980s [73]. This guideline was followed with an up-
date in 2018 [74] to include data from 2 new VMAT2 inhib-
itors (valbenazine and deutetrabenazine) that were FDA ap-
proved in the USA in 2017. These were the first with level A
evidence and multicenter, randomized, double-blind clinical
trials and the first to be approved specifically for the treatment
of TS [75, 76].

What these guidelines also disclosed was that evidence for
the generally utilized initial steps in approaching newly diag-
nosed TS, stopping antipsychotics, if possible, or switching to
a less potent antipsychotic (for example from an FGA to SGA)
remains insufficient. These approaches, based on observations
made in the 1970s [5, 77], have not been studied in a formal
manner. On 1 hand, this recommendation certainly seems rea-
sonable, because some patients do improve and reversibility,
although limited, tends to be unpredictable. On the other hand,
one has to wonder, based on the finding that 87% of cases are
irreversible, whether once TS develops it is just too late and
changing the antipsychotic may not make a difference. Further
study is needed.

One intriguing aspect of this approach relates to the switch
from one antipsychotic (FGA or SGA) to clozapine which is
often recommended for treatment of schizophrenia patients
with TS. There are some reports suggesting that clozapine is
actually a rare cause of TS [78–80]. And evidence for cloza-
pine use in treating TS is generally insufficient [74]. Reasons
for the lack of evidence relate to its use as a second- or higher-
line drug to treat psychosis because of the risk of agranulocy-
tosis and the need to perform routine monitoring of white
blood cells, which limits use and requires enrollment in the
clozapine REMS program. Nevertheless, a recent meta-
analysis of 4 open trials of 48 patients indicates that switching
to clozapine monotherapy is nearly 3 times more likely to
decrease the frequency of TS [81]. Another systematic review
of 13 studies and 904 patients also demonstrated an improve-
ment in TS [82]. In a naturalistic observational study, 35 pa-
tients with schizophrenia or bipolar disorder received cloza-
pine monotherapy as an antipsychotic drug for more than
12 months in an attempt to treat TS [83]. Nearly 90% were

switched from another SGA. TS remitted in 65.7% of the
cases. In addition, there are several case reports and case series
of clozapine improving severe axial tardive dystonia [84, 85],
which in this author’s experience occurs over a period of
months. It is unlikely that the improvement reported is the
result of masking TS symptoms because of its mode of action
as a fast dissociating molecule [12]. Thus, it may actually act
to reverse the TS through a separate, currently unknown,
mechanism. Certainly, despite the lack of higher-level evi-
dence, switching to clozapine monotherapy should be consid-
ered for treatment of psychosis and TS.

If these steps fail to improve TS, then consideration is giv-
en for treating with anti-dyskinetic drugs. Anti-TS agents can
be separated into 3 groups based first on evidence and then
experience: first tier—VMAT2 inhibitors, as 2 of the 3 have
level A evidence and are recommended to be first-choice
agents; second tier—other drugs with lesser levels of evi-
dence; and third tier—other drugs that have been studied, have
potential to be beneficial, but have insufficient evidence.

Before discussing the treatment options, it is of interest to
discuss the primary measure of TS, the Abnormal Involuntary
Movement Scale (AIMS), which was developed in 1976 and
is a validated scoring mechanism [86]. It is a 12-item clinically
rated scale. The first 7 items measure severity of movements
by location, orofacial movements, and extremity and truncal
movements. Additional items include global judgment and
dental status. In the studies for the newer agents, only the
severity portion (items 1-7) was utilized and measured by
video assessment. Each question is scored 0 (none) to 4 (se-
vere). A 2-point decrease in AIMS severity score may be
considered clinically important [87]. Criticisms of the scale
include that it is overweighted toward facial movements
which includes 4 items versus trunk and limbs equaling a total
of 3 items. Also, tremor should not to be rated, but some
examiners have difficulty differentiating tremor and dyskine-
sia. Scores can be quite subjective, and finally, translation to
clinical practice is challenging [87].

Medical Therapy

First-Tier Drugs: VMAT2 Inhibitors (Table 3)

Mechanism

VMAT2 is a key vesicular protein that traverses the mem-
brane and is involved in recycling dopamine, norepinephrine,
and serotonin after their reuptake into the neuron from the
synaptic cleft. VMAT2 shifts these monoamines from the cy-
tosol through the membrane and sequesters them into vesicles,
allowing for their storage and rapid reutilization [88]. VMAT2
inhibitors block this packaging of monoamines in the vesicles
leading to rapid degradation in the cytosol by monoamine
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oxidase. This ultimately leads to depletion of presynaptic do-
pamine and other monoamines proportionate to the level of
VMAT2 inhibition [89]. Three such drugs exist, and each will
be discussed.

Tetrabenazine It has been known for decades that
tetrabenazine (TBZ) is effective in treating hyperkinetic
movement disorders. Although it has never been specifically
approved for TS, it has been used off-label for this purpose
and has been considered widely to be the treatment of choice
despite limited evidence [88]. The first controlled trial of TBZ
in TS was published in 1972. Kazamatsuri et al. hypothesized
that if abnormal movements of TS result from overactivity of
dopaminergic neurons, then the abnormal movements should
be suppressed by TBZ. In their study, 24 patients hospitalized
with psychiatric disease (in Boston State Hospital) were en-
rolled in this placebo-controlled, double-blind, crossover trial.
All patients were observed over a 4-week baseline period, a 4-
week placebo run-in period during which neuroleptics were
completely withdrawn, a 6-week TBZ treatment period while
off neuroleptics, and then crossed over, after a 2-week wash-
out, to another 6-week placebo-controlled period, again while
maintained off neuroleptics. The primary outcome measure
was the mean frequency of abnormal movements per minute
as calculated by a blinded rater. TBZ, at doses of 100 to
150 mg/day, resulted in resolution of dyskinesia in 8 patients
(33%), marked reduction in 6 (25%), and slight decrease or no
change in 6 patients. There were 4 noncompleters, 2 devel-
oped severe malaise and withdrew, 1 had a “psychotic exac-
erbation,” and 1 was lost to follow-up after discharge. Overall,
there was a significant decrease of TS movements by 60% on
TBZ when compared to placebo [90]. A second trial, many
years later, was reported by Ondo et al. who enrolled 20 pa-
tients, with varied underlying diagnoses including 7 with psy-
chotic disorder and 2 with bipolar disorder, in an open-label
study with doses utilized of up to 150 mg of TBZ per day.
Blinded raters scored TS using the AIMS on video. A 54%
(p < 0.0001) improvement was reported. Eleven patients rated
themselves as markedly improved, 6 as moderately improved,
and 2 as mildly improved. One patient withdrew from the
study because of sedation [91]. Two retrospective reports on

a larger number of subjects further supported the efficacy of
TBZ for the treatment of TS [92]. One reviewed the records of
149 TS patients treated with TBZ and found a high frequency
of adverse effects, including drowsiness (25%), parkinsonism
(15.4%), depression (7.6%), and akathisia (7.6%) [92].
Suicidality has also been reported as a serious adverse effect
of TBZ [93]. This in total represents level C evidence.

TBZ is rapidly metabolized into 2 isomers, α-
dihydrotetrabenazine (DH-TBZ) and β-DH-TBZ, both of
which have a high affinity for VMAT2. These isomers are
metabolized by the cytochrome P450 2D6 (CYP2D6).
Because of the short half-life and reliance on CYP2D6 for
metabolism, TBZ is dosed 3 times daily and there is a require-
ment of CYP2D6 genotyping to screen for poor metabolizer
status when utilizing greater than 50 mg/day. High peak con-
centrations and plasma fluctuations of this drug are thought to
contribute to the adverse event profile [94]. These issues led to
the development of 2 newer VMAT2 inhibitors to moderate
the metabolic issues and improve tolerability while maintain-
ing efficacy for TS and other hyperkinetic disorders [88].

ValbenazineValbenazine is a TBZ prodrug, a valine ester of a
highly selective isomeric metabolite of TBZ ([+]-α-DH-TBZ)
that is metabolized into the 2 most active isomers [95, 96].
Valbenazine was designed to be metabolized slowly to mini-
mize high peak plasma concentrations, decrease peak-to-
trough ratios, and reduce intersubject variability. The half-
life for active metabolites is approximately 20 h allowing for
once daily dosing [97]. The selectivity of these 2 metabolites
also has the advantage of limiting off-target receptor binding,
which may occur with other TBZ isomers [95]. Two multi-
center, 6-week, randomized, double-blind, placebo-controlled
trials have been reported. The first, KINECT 2, included 100
TS patients [97]. Of these, 58% had schizophrenia or
schizoaffective disorder and 38% had a mood disorder.
Placebo or valbenazine was given once per day starting at
25 mg and escalated by 25 mg/week to 75 mg/day based on
TS response and tolerability. The primary efficacy endpoint
was change in AIMS severity from baseline to week 6. The
mean baseline AIMS severity score was 8.0 ± 4.0. The change
in AIMS score was based on the consensus score of each

Table 3 First-tier drugs: VMAT2 inhibitors’ dosing and pharmacology

Initial dose (mg) Max daily dose (mg) Dosing
frequency

Cmax (h) Half-life
(h)

Common side effects

Valbenazine 40 80 Daily 4-8 15-22 Fatigue, headache, somnolence, akathisia

Deutetrabenazine 12 48 BID 3-4 9-10 Headache, somnolence, parkinsonism

Tetrabenazine 12.5 150 TID 1-2 5-7 Drowsiness, parkinsonism, depression,
akathisia

TID = three times a day
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video by 2 raters (movement disorder specialists) blinded to
treatment group and visit. A secondary efficacy endpoint was
change in clinical global impression (CGI). After titration,
76% of the subjects on active drug and 80% in the placebo
group reached the 75-mg/day dose. At the 6-week endpoint,
there was a mean 3.6-point decrease in AIMS severity score
for valbenazine compared with 1.1 for placebo (p = 0.0005).
Sixty-seven percent of valbenazine patients reached treatment
success as defined by a rating on CGI of “much improved” or
“very much improved” as compared with 16% of placebo
subjects (p = 0.0001). Five patients (9.8%) in each treatment
arm discontinued the trial after randomization. None of these
discontinuations were the result of treatment-emergent ad-
verse events (TEAEs). The overall incidence of TEAEs was
49% in the valbenazine arm and 32.7% in the placebo arm,
and no deaths or serious TEAEs were reported. The most
common adverse events reported by subjects on valbenazine
versus placebo were fatigue (9.8% vs 4.1%) and headache
(9.8% vs 4.1%).

Subsequently, KINECT 3 was completed [98]. This study
used a similar design derived from the KINECT 2 trial.
However, in this one, a larger N, 234 subjects (66% schizo-
phrenia and 33% mood disorder), were randomized in a 1:1:1
manner to placebo, valbenazine 40 mg once daily, or
valbenazine 80 mg once daily. Seven subjects withdrew from
the trial because of adverse events: 2 in the placebo arm, 2 in
the valbenazine 40-mg arm, and 3 in the valbenazine 80-mg
arm. Mean AIMS score at baseline was 10.4 ± 3.6. The differ-
ence in the least squares mean change from baseline to week 6
was 3.1 points between valbenazine 80 mg (− 3.2) and place-
bo (− 0.1) (p < 0.001). The effect size (Cohen’s d) was large,
at 0.90. The most common adverse events in the combined
valbenazine groups and placebo were somnolence (5.3% and
3.9%, respectively), akathisia (3.3% and 1.3%, respectively),
and dry mouth (3.3% and 1.3%, respectively). Suicidal idea-
tion was less common in the valbenazine versus placebo
groups (2.6% vs 5.3%). Parkinsonism and depression were
present in less than 2% of subjects. A case series has since
supported the risk of developing valbenazine-induced parkin-
sonism [99].

The long-term benefits of valbenazine have been demon-
strated in the KINECT 3 extension study [100]. This study had
a 42-week valbenazine extension period and subsequent 4-
week washout period (final visit at week 52). Participants
who were receiving 80 mg/day or 40 mg/day in the double-
blind phase maintained these doses and those receiving place-
bo were randomized to 40 mg/day or 80 mg/day at a 1:1 ratio.
Treatment remained blinded. Sixty-one percent of patients
who enrolled in the extension (198 subjects) completed the
full duration. Adverse events led to withdrawal in 15.7% and
these included somnolence and suicidal ideation with 3 sub-
jects each. The suicidal ideation and attempts occurred in 10
subjects, a rate lower than the approximate 30% lifetime

history of suicidality in this patient population. Syncope,
which occurred in 3 subjects, was the only serious AE thought
to be possibly related to drug therapy. Valbenazine did not
result in a worsening of akathisia, parkinsonism, or worsening
in psychiatric disorders. AIMS score improvements in the
extension study were maintained throughout the study and
were significant compared to baseline. The scores worsened
during the end of the study washout toward baseline level.
CGI-TS and P-CGI demonstrated clinically significant global
improvement throughout the extension and also worsened
during the washout period. The washout effect indicated that
the effect of valbenazine is reversible and symptomatic. These
results supported the efficacy and tolerability of valbenazine
for the treatment of TS for at least a year [98, 100]. In a
second, long-term study, KINECT 4, 167 subjects (73% psy-
chotic disorder, 27% mood disorder) were enrolled in a 48-
week, open-label treatment period followed by a 4-week
washout and 103 (62%) completed the full protocol [101].
Subjects were started on 40 mg and then changed to 80 mg
after 4 weeks based on efficacy and tolerability. Serious
TEAEs were seen in 13.7% with discontinuation occurring
in 11.8%. Ninety percent of patients had > 50% improvement
with those remaining on 40 mg improving by 10.2 points on
the AIMS scale and those on 80 mg improving by 11. More
than 90% of patients were much or very much improved on
CGI and P-CGI. Among the side effects reported in > 3% of
the subjects were headache, suicidal ideation, and somno-
lence. As older patients tend to have more difficulty tolerating
TBZ, an analysis was completed using pooled data from all
valbenazine studies to establish efficacy and tolerability in
older patients. Patients were dichotomized at age 55. There
were no significant differences between older and younger
subgroups with regard to developing responsiveness based
on AIMS or CGI-TD scales. Further, there were no safety
signals or TEAEs of clinical concern in older participants
who received long-term treatment [102]. There was also an
interest in looking specifically at the impact on patients with
mood disorders considering depression is a possible compli-
cation of VMAT2 inhibitors. A pooled analysis of 3 of the
valbenazine studies (2 double-blind, 1 open extension) exam-
ined the impact on TS in patients with primary bipolar or
depressive disorders. Valbenazine was well tolerated and
demonstrated substantial improvement in AIMS and CGI-
TD scales at week 6 compared to placebo in 114 patients
which lasted 48 weeks (assessed in 77 patients) consistent
with results of the trials described above [103]. There was
no comparison with response in psychotic populations and
comparison with other VMAT2 inhibitors. In all the studies,
there was no notable worsening of psychiatric disorders based
on standard scale measures [104]. Also, adverse events were
similar in the psychotic and mood disorder groups. These
studies provided level A evidence for efficacy of valbenazine
in TS.
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Deutetrabenazine Deutetrabenazine contains deuterium, a
nontoxic isotope of hydrogen that has increased mass relative
to hydrogen and forms a substantially stronger bond with car-
bon than hydrogen does. Although deuterated tetrabenazine
(D-TBZ) retains the VMAT2 affinity of nondeuterated TBZ,
the substitution of deuterium for hydrogen at specific posi-
tions prolongs its plasma half-life and reduces metabolic var-
iability. The longer half-life enables twice daily (BID) dosing
with lower peak concentration, which is believed to result in
an improved risk–benefit profile [105].

D-TBZ was studied in 2 12-week, double-blind, random-
ized, placebo-controlled trials. One examined an escalating
dose of D-TBZ versus placebo (ARM-TD) in 117 patients
(70% psychotic patients and 30% mood disorders) with mod-
erate to severe TS (minimumAIMS severity score of ≥ 6). The
dose of D-TBZ was initiated at 12 mg/day and titrated weekly
by 6 mg/day until adequate dyskinesia control was achieved, a
significant adverse event occurred, or maximal allowable dose
of 48 mg/day was achieved. This was followed by a 6-week
maintenance period. The primary efficacy endpoint was
change in AIMS score from baseline to week 12 as assessed
via consensus review of 2 blinded video raters. Mean baseline
AIMS severity score (items 1-7) was 9.6 ± 3.9. There were 6
dropouts in the D-TBZ arm and 7 in the placebo arm. AIMS
score decreased by a mean 3.0 points in the D-TBZ group
compared with 1.4 points for placebo (p = 0.019). CGI for
change was “much improved” or “very much improved” in
48.2% of the D-TBZ compared with 40.4% in the placebo
group. D-TBZ and placebo groups showed low rates of ad-
verse events: anxiety (3.4% vs 6.8%), depressed mood/
depression (1.7% vs 1.7%), and suicidal ideation (0% vs
1.7%, respectively). No worsening of parkinsonism or
akathisia, as measured on the Unified Parkinson’s Disease
Rating Scale motor subscale and Barnes Akathisia scale,
was noted from baseline to week 12 in either group. This data
supported the tolerability and efficacy of D-TBZ in patients
with TS [106].

In a second trial (AIM-TD), 298 subjects (60% psychotic
disorders, 36% mood disorders) were randomized 1:1:1:1 to
receive placebo, D-TBZ 12mg/day, 24mg/day, or 36mg/day.
All patients in the active treatment arms were started on D-
TBZ 12 mg/day, and the dose was increased through week 4
until the assigned dose was reached. The target dose was
maintained for the next 8 weeks. The primary efficacy end-
point was the same as the ARM-TD study. From baseline to
week 12, change in least squares mean AIMS severity score
based on consensus scoring by 2 blinded reviewers improved
by − 3.3 points in the D-TBZ 36-mg/day group, − 3.24 in the
24-mg/day group, and − 2.1 points in the 12-mg/day group,
with a significant treatment difference of − 1.9 points (p =
0.001), − 1.8 points (p = 0.003), and − 0.7 points (p = 0.217),
respectively, compared with placebo. CGI-C of “much im-
proved” or “very much improved” was achieved in 26% of

patients on placebo, 28% receiving 12 mg/day, 49% receiving
24mg/day, and 44% on 36mg/day. The rate of adverse events
was similar for D-TBZ and placebo groups. Serious adverse
events were reported in 6% of the placebo group, 3% of the
12-mg/day group, 8% of the 24-mg/day group, and 5% of
those in the 36 mg/day. Three (1%) patients had suicidal ide-
ation. The most common adverse effect was headache (5%).
The side effects limiting tolerability of TBZ were rare with D-
TBZ and included somnolence (2%), parkinsonism (< 1%),
akathisia (< 1%), depression (2%), and suicidality (1%).
These results supported the efficacy and tolerability of D-
TBZ at a dose of 24 mg/day or 36 mg/day for the treatment
of TS [107]. Based on these studies, D-TBZ showed level A
evidence of efficacy for TS.

Subjects completing the double-blind trials entered an
open-label, single-arm study that consisted of a 6-week
dose-escalation phase and a long-term maintenance phase.
Patients titrated up to a maximum of 48 mg/day, or 36 mg/
day for those prescribed strong cytochrome P450 2D6
(CYP2D6) inhibitors. Subjects were followed out to week
80. A total of 343 patients enrolled and there were 331
patient-years of exposure in this analysis. The exposure-
adjusted incidence rates of AEs with long-term treatment were
similar to the randomized clinical trials. Most common ner-
vous system–related AEs included headache, somnolence, de-
pression, and anxiety. The mean (S.E.) change in AIMS score
was − 4.9 (0.4) at week 54 (n = 146) and − 6.3 (0.7) at week 80
(n = 66) [108]. This study demonstrated long-term efficacy
and tolerability with D-TBZ for TS.

All 3 VMAT2 inhibitors are metabolized by CYP2D6.
They also have the potential to cause Qtc prolongation. This
is especially true in poor metabolizers.

Second-Tier Drugs: Clonazepam, Ginkgo biloba, and
Amantadine (Table 4)

There are 3 other agents with evidence of efficacy for treating
TS, although less than level A. These are clonazepam,Ginkgo
biloba (EGb-761), and amantadine, all with different mecha-
nisms of action. Should VMAT2 inhibitors not result in im-
provement or if intolerability occurs, these agents are a rea-
sonable next step. The use of clonazepam, an indirect GABAA

agonist, has level B evidence. In a randomized, double-blind,
placebo-controlled crossover trial published in 1990, 19 psy-
chiatric outpatients with TS completed a 1-week placebo run-
in followed by 4 weeks of randomized therapy, a 2-week
washout, a 4-week crossover therapy phase followed by a 1-
week placebo washout [109]. Results demonstrated a 37%
reduction of the Maryland Psychiatric Research Center
Movement Disorder Scale dyskinesia score with 2 to
3.5 mg/day and a reversal of this effect with placebo. Mild
to moderate sedation occurred in 6 subjects and ataxia in 3. In
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5 subjects followed long term, the effectiveness waned after 5
to 8 months suggesting tolerance.

Extract of Ginkgo biloba (EGb-761), a potent antioxidant,
also demonstrated efficacy for TS with level B evidence. The
antioxidant vitamin Ewas the first hypothesized, based on this
mechanism, to be a potential treatment for TS, but a large,
multicenter double-blind trial was ultimately negative [110].
The largest EGb trial, from China, included 157 inpatients
with schizophrenia [111]. This was a single-site, double-blind,
placebo-controlled, parallel group trial of 240 mg/day of EGb-
761. All subjects were male and under age 60. The study
included a 1-week single blind, placebo run-in in which any
subjects experiencing a 25% improvement with placebo were
removed from randomization. The rest were treated for
12 weeks with either placebo or EGb-761 (1:1 ratio). The
primary outcome measures were change in AIMS total score
and the proportion of patients with > 30% improvement (re-
sponders). Ninety-seven percent of subjects completed the
trial. AIMS scores decreased significantly in subjects receiv-
ing EGb-761 treatment relative to the placebo group (2.13 ±
1.75 vs − 0.10 ± 1.69; p < 0.0001). In the active group, 51%
were responders versus only 5% in the placebo group
(p < 0.001). No worsening of psychopathology or cognition
was seen. There were no significant adverse effects. A meta-
analysis of 3 randomized controlled trials of EGb augmenta-
tion of antipsychotics versus antipsychotics plus placebo or
antipsychotic monotherapy was completed. The primary out-
come measure was the severity of TS symptoms assessed by
the AIMS. The 3 studies included 299 patients from China
with a mean age of 55.9 ± 13.4 years. EGb (240 mg/day)
outperformed the control group in reducing the severity of
TS as measured by the AIMS (2.30 (95% CI − 3.04, − 1.55),
p < 0.00001) [112].

There is level C evidence for effectiveness of amantadine,
postulated to relate to NMDA receptor blocking properties of
this drug [113]. Three small, blinded trials have been reported
[74]. One, from 1971, was very small, n = 6, but demonstrated
clinical improvement after 3 weeks [114]. Of the other 2 trials,
1, reported in 1997, demonstrated improvement in 16 hospi-
talized psychiatric patients [115]. A 2-week baseline period

was followed by a 7-week placebo-controlled randomized tri-
al and, in turn, followed by a 1-week washout and a 7-week
crossover phase. The primary outcome variable was the me-
dian AIMS score during the 3-week period when subjects
received 300 mg/day or placebo. The study demonstrated a
15% reduction in the overall AIMS score (p = 0.05) and 10 of
the 16 patients improved by ≥ 20%. A second trial, reported in
2010 [116], involved 22 outpatients with schizophrenia and
TS who received amantadine (400 mg/day) or placebo in a 2-
week double-blind, randomized trial followed by a 4-day
washout and a 2-week crossover phase. The primary outcome
was the change in AIMS score at the end of each treatment
phase. Results demonstrated a statistically significant reduc-
tion in AIMS severity scores by 22%with 10 subjects improv-
ing by > 20%. Little or no placebo effect was seen in these 2
trials. There was no worsening of psychotic symptoms.

Third-Tier Drugs: Levetiracetam, Piracetam, Vitamin
B6, Melatonin, Baclofen, Propranolol, Zolpidem, and
Zonisamide (Table 5)

Several currently available agents are either listed as having
insufficient evidence or are not addressed at all in the guide-
lines that might have potential for the treatment of TS. When
considering these agents, the treating physician needs to
weigh the risks and potential benefits closely considering the
lack of adequate evidence.

Levetiracetam is an anti-epileptic that has been examined
in trials as a possible treatment of TS [117]. The mechanism of
action is unclear but may relate to N-type calcium channel
blockade [118] or to its binding to synaptic vesicle protein
2A which may play a role in the stability of synaptic vesicles
containing neurotransmitters. The drug has been shown to
successfully improve TS in several case reports and open
studies [118–121]. One double-blind, placebo-controlled, ran-
domized, 12-week, parallel group study has been reported
[117] in 50 subjects who were enrolled, 25 randomized to
each group. At 12 weeks, the active group (mean dose
1900 mg/day) improved 44% in the AIMS score, while the
placebo group improved 19% (p = 0.02). Three adverse

Table 4 Second-tier drugs

Drug Mechanism Trial number and
total N

Dose Common adverse
effects

Evidence
level

Amantadine Weak NMDA (N-methyl-D-aspartate) receptor
antagonist

3 randomized trials
N = 44

100 mg TID Insomnia
Constipation
Dizziness

C

Clonazepam GABAergic–GABAA receptors 1 randomized trial
N = 19

4.5 mg Sedation
Ataxia
Abuse potential

B

Ginkgo biloba extract
(EGb-761)

Antioxidant 1 randomized trial
N = 157

240 mg per
day

None B
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effects occurred in the active group and were seen in 2 sub-
jects each, including ataxia, irritability, and decreased appetite
[117]. This trial is considered insufficient evidence, in part,
because only 72% of the subjects completed.

Piracetam, a chemically similar drug to levetiracetam used
predominantly for myoclonus in Europe and Asia, was initial-
ly shown to improve TS symptoms nearly 40 years ago [122].
More recently, 40 subjects with schizophrenia or
schizoaffective disorder and TS in a randomized, double-
blind, placebo-controlled crossover study [123] were treated
while remaining on their antipsychotic regimen. They were
first randomized for 4 weeks of placebo or piracetam
(4800 mg/day), followed by a 1-week washout and then a 4-
week crossover phase. The primary outcome measure was
change in the Extrapyramidal Symptom Rating Scale
(ESRS) score. There was a mean decrease in the TS subscale
of 3 points in the piracetam group versus a deterioration in the
placebo group by − 0.2 points (p = 0.003) [123].

Vitamin B6, an antioxidant, has been used for treating TS in
case series [124] and a single-blinded trial [125]. The random-
ized, double-blind, placebo-controlled trial [125] was a 26-
week study of 50 inpatients with schizophrenia or
schizoaffective disorder and TS. They were randomly
assigned to 1200 mg of vitamin B6 or placebo in the first

12 weeks of treatment followed by a 2-week washout, then
completed a 12-week crossover phase. The primary outcome
was change in ESRS. The mean change in ESRS clinical
global impression from baseline to endpoint was 2.4 points
in patients treated with vitamin B6 and 0.2 points in the pla-
cebo group (p < 0.0001). The mean decrease in the parkinson-
ism subscale score was 18.5 points and 1.4 points, respective-
ly (p < 0.00001), and the mean decrease in the dyskinesia
subscale score was 5.2 points and − 0.8 points, respectively
(p < 0.0001).

Melatonin is another antioxidant that reverses the oxidative
effects of DRBAs [126]. Melatonin is thought to be a more
powerful antioxidant than other agents used and also alters
dopamine release in the brain [127] and, hence, has also been
examined in TS. The studies, however, have been limited and
the findings related to its effectiveness in treating TS are con-
flicting. There is 1 small double-blind, placebo-controlled
crossover study published in 2001 that demonstrated response
[128]. Twenty-two patients were treated with 10 mg of mela-
tonin and placebo in a crossover study for a 6-week period
with an intervening 4-week washout. Melatonin resulted in a
2.45 ± 1.92-point decrease in the AIMS score versus 0.77 ±
1.11-point drop by placebo (p < 0.001). An improvement of ≥
30% was seen in 40% of the melatonin-treated patients and

Table 5 Third-tier drugs

Drug Mechanism Trial number and
total N

Daily dose
(mg)

Common adverse
effects

Levetiracetam Synaptic vesicle protein 2A: inhibition of synaptic vesicle release, N-type
calcium channel blockade

1 randomized trial
N = 50

Up to 3000 Sedation
Nervousness
Headache
Nasal congestion

Piracetam N-type calcium channel blockade 1 randomized trial
N = 40

4800 Drowsiness
Insomnia
Anxiety
Weight gain

Vitamin B6 Antioxidant 2 randomized trials
N = 60

400 None

Melatonin Antioxidant 2 randomized trials
N = 35

10-20 None

Baclofen GABAergic–GABAB receptors 3 randomized trial
N = 71

Up to 90 Dizziness
Insomnia
Nausea
Drowsiness

Propranolol Beta-blocker 1 randomized trial
N = 4
Other studies
N = 71

Up to 80 Lightheadedness
Fatigue
Nightmares

Zolpidem Binds to the GABA–benzodiazepine receptor complex 1 open trial
N = 3

10-20 Sedation

Zonisamide Sodium and T-type calcium channel blocker 1 open trial
N = 11

50-100 Loss of appetite
Weight loss
Dizziness
Headache

1704 Management of Tardive Syndrome: Medications and Surgical Treatments



0% in the placebo arm. There were no adverse events. A
second smaller 12-week, randomized, double-blind, placebo-
controlled trial comparing melatonin 20 mg/day (7 patients) to
placebo (6 patients) was negative [129]. A recent meta-
analysis of 4 randomized controlled trials (N = 130) including
a large trial from China did not demonstrate a significant dif-
ference between melatonin and placebo [130].

Baclofen is another GABA agonist tested for TS in the late
1970s and early 1980s. In 1 double-blind, placebo-controlled,
crossover trial completed in 1976, 20 patients were treated for
2 weeks, washed out for 1 week, and crossed over for another
2-week period with up to 60 mg/day. The evaluation was
based on a 1 to 5 scale for TS severity. After 14 days of
treatment, 15 patients showed improvement of baclofen (TS
completely disappeared in 5 patients, and in the remaining
responders, the condition improved from scores 3-4 to score
1), whereas none showed improvement on placebo
(p < 0.0005). Adverse effects included sedation, muscular hy-
potonia, dizziness, vomiting, and muscular rigidity [131]. A
study reported in 1978 was a double-blind, crossover study in
18 TD patients. Each treatment phase lasted 3 weeks. The
primary outcome was via an assessment of video recordings.
Baclofen (20-120 mg daily) reduced dyskinesia by a median
score from 5 to 3 (p < 0.05). The effect on the oral movement
pattern of tardive dyskinesia was characterized by a reduced
frequency. Side effects included sedation, muscular weakness,
and confusion which were observed in 50% of the patients
[132]. In a third study completed in 1982, 33 patients who
were maintained on a constant dose of their antipsychotic
completed a randomized 6-week, double-blind, placebo-
controlled trial which was followed by a 6-week open-label
trial. Baclofen dose was 30 to 90 mg/day and TS severity was
assessed by the AIMS scale (responder status was defined by a
reduction of 25%). During the double-blind portion, there was
a reduction in total AIMS score (p < 0.05); 67% of baclofen-
treated patients and 47% of placebo-treated patients were re-
sponders. The open-labeled portion included 7 of 9 baclofen
responders and 9 of 9 placebo nonresponders. The baclofen
response rate for the original placebo nonresponders was 77%,
but a loss of efficacy was seen in 23% of the original baclofen
responders, and there was an attenuation of response in others.
Side effects included nausea, somnolence, and ataxia [133].
Another double-blind, randomized, placebo-controlled study
involving 31 patients had negative results [134]. There was
also an interesting single case of axial tardive dystonia that
improved with intrathecal baclofen [135].

Propranolol was examined as a treatment of TS in the
1980s. The reports involved a total of 26 subjects examined
in open-label single cases or case series of which 65% im-
proved rapidly and often dramatically (including complete
reversal) to low doses of the drug, up to 80 mg/day
[136–139]. There was also a double-blind, crossover design
study evaluating only 4 patients utilizing 10 times the dose of

the open trials (up to 800 mg/day) in which 2 improved [140].
The patients were examined weekly up to 20 weeks with the
AIMS scale and videotaped. Patients were treated with alter-
nating periods of active drug or placebo. The study showed
variable response in the blinded portion of the study but sig-
nificant long-term improvement in an open-label follow-up
[140]. Interest in propranolol waned when it was found that
it increased neuroleptic plasma levels possibly leading to sup-
pression of symptoms [141]. However, it is noteworthy that
many of the responsive patients were, in fact, not treated with
neuroleptics at the time. This author “revisited” the impact of
propranolol in TS patients. Two cases show dramatic results
[142]. This led to frequent use of propranolol in our clinic. In a
later retrospective record review of 47 patients, mean age
63 years, we further examined the impact of propranolol on
TS. DRBAs were discontinued in all patients and the mean
duration of TS at the time propranolol was initiated was
17 months. Propranolol resulted in improvement in 64% of
the patients and 77% of those had a moderate to complete or
near-complete response. Mean daily dose was 69 mg and du-
ration of therapy was 14 months. Three patients stopped pro-
pranolol because of adverse effects: hypotension (2) and
nightmares (1). Severity of TS and duration of propranolol
therapy were associated with response [143].

There has been some experience with zolpidem, a
nonbenzodiazepine hypnotic medication that binds to the
GABA–benzodiazepine receptor complex in the basal gan-
glia, is structurally related to melatonin, and has been reported
to possess antioxidant effects [144, 145]. In rodent model,
zolpidem reduced haloperidol and chlorpromazine-induced
hyperkinetic orofacial chewing movements [145]. The mech-
anism of this effect was thought to be through reduced lipid
peroxidation and possible via reversal of secondary mono-
amine changes. The first experience in 3 TS patients, includ-
ing akathisia, treated with 5 to 10 mg twice per day demon-
strated a notable improvement [144].

Finally, a 4-week open-label study with zonisamide 50 to
100 mg/day in 11 patients with schizophrenia and mental
retardation demonstrated significant improvement in AIMS
score with nearly 40% of patients having at least 20% im-
provement [146].

Botulinum Toxins

For classical tardive dyskinesia, there is little evidence to sup-
port the use of botulinum toxin. There is 1 small single blind
study which showed benefit [147]. In this study, patients were
videoed at baseline, then prior to and 4 weeks after 3 injection
sessions. The videos were rated in random order by 2 raters
using the AIMS severity scale items 2 to 4. Patients were
injected with onabotulinumtoxinA in the orbicularis oris mus-
cle at 4 sites (0.5 cm bilaterally above the upper and below the
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lower lips). The maximum dose was 80 U. Twelve patients
were included but 4 had a change of their antipsychotic agents
during the study. When those 4 were included in the analysis,
a nonsignificant decrease from baseline to the last visit (mean
difference on the AIMS items 2-4) was seen. But in a separate
analysis of the 8 patients with stable antipsychotic treatment,
there was a small but significant improvement (mean differ-
ence on the AIMS items 2-4 was 1.8, S.D. = 2.4; p = 0.035).
Fifty percent of these patients wanted to continue the study.

In the case of tardive dystonia, particularly craniocervical
distribution, botulinum toxin has been widely utilized based
on the response of patients with idiopathic dystonia. Several
open-label retrospective reports support its use [148–152] for
oromandibular, lingual, and cervical tardive dystonia. For the
most part, the response of tardive dystonia is similar to that of
idiopathic dystonia.

Surgical Therapy

Deep brain stimulation of the globus pallidus interna
(GPi-DBS) has been reported to treat TS, particularly
tardive dystonia and classical tardive dyskinesia, that is
severe and refractory to medical therapy. The GPi target
was initially selected because of the responsiveness of
idiopathic dystonia and levodopa-induced dyskinesia to
stimulation in that region. Multiple case reports showing
substantial improvement in TS [153–155] were followed
by 1 small, prospective, phase 2, multicenter study with
double-blind evaluations that showed a mean decrease in
50% in tardive dystonia symptoms according to validated
rating scales [156]. More recently, larger prospective trials
with a blinded assessment have been published. One was
an examination of 19 patients receiving GPi-DBS for
combined tardive dystonia/dyskinesia. There was a
double-blind evaluation at 6 months after surgery which
provided class II evidence for the effectiveness of the
procedure [157]. Greater than 50% improvement in
AIMS and ESRS scores was found and sustained as long
as 11 years after surgery. Adverse events within 1 year of
surgery included falls in 5 individuals, psychiatric mor-
bidity in 8, and complications of equipment in 6. In an-
other randomized, delayed start, double-blind, sham
stimulation–controlled trial of GPi-DBS [158], tardive
dystonia/dyskinesia severity was assessed in a blinded
manner at 3 months and then an open assessment was
performed at 6 months in 25 patients. Primary endpoint
was the percent change in the Burke–Fahn–Marsden
Dystonia Rating Scale (BFMDRS) between active versus
sham stimulation using blinded video assessment. A
prespecified sample size was not met indicating that the
study may have been underpowered. The group difference
in BFMDRS at month 3 was not significant (23% vs 12%

change), but there was a significant difference in AIMS
scores. At 6 months of stimulation, both groups improved
by 42% along with significant improvement in quality of
life. Adverse events related mainly to surgical implanta-
tion of the DBS device; all reversed. The lack of signifi-
cant response of the BFMDRS scale at 3 months may
relate to the tendency of dystonia to improve to peak level
over many months [159].

The relative efficacy of GPi-DBS for improving tardive
dystonia of different body parts and the temporal course of
improvement were assessed in 8 patients in another study
[160]. Although improvements were marked in all body parts,
the time course of response varied from weeks to months and
tended to be slower in the neck and trunk.

There is less experience with DBS of the subthalamic nu-
cleus for treating TS. A retrospective examination of 10 pa-
tients found improvements of greater than 50% in the
BFMDRS and the AIMS at 1 week after surgery [161].
With continued follow-up, mean improvements increased to
over 80% and were sustained for the mean of 65 months. One
patient demonstrated improvement for 12 years.

The data suggests good efficacy of GPi-DBS for TS with a
reasonable safety profile. Such treatments should be used for
those that are severely impaired by the TS and unresponsive to
medical therapy and performed in centers with ample experi-
ence. Nevertheless, further controlled trials are needed to raise
the currently low level of evidence (level C) [74].

Conclusion

TS is becoming an increasing health concern with the
increased off-label use of antipsychotics. Data suggests
that prevalence level of up to 1.2 million patients may
be impacted at this time [69]. Importantly, in the last
several years, there have been significant advances in TS
therapy, particularly with the FDA approval of 2 VMAT2
inhibitors specifically for TS and with new data on the
efficacy of GPi DBS [74]. These additions to the infor-
mation gathered over 5 decades put into focus how the
many options can be utilized. Based on the data reviewed
in this paper and the classification of drugs into tiers
based on evidence, an algorithm has been developed that
may provide guidance to the treatment of TS in clinical
practice (Fig. 1). This algorithm has some modifications
from recently published options [11, 69, 162].

Step 1, after the diagnosis of clinically significant TS is
made and after assessment indicates a need for therapy,
would be to consider discontinuing DRBAs. For patients
treated with anti-emetics or treated with antipsychotics for
diagnoses other than psychosis, this may be possible. For
patients with psychiatric disorders such as schizophrenia or
schizoaffective disorder, this may not be possible. In such
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cases, consider changing to a less potent antipsychotic.
Perhaps the best option, if possible, is switching to cloza-
pine monotherapy. After follow-up of weeks to months, if
symptoms remain troublesome, then the clinician should
initiate anti-dyskinetic drugs. The first-line treatment
should be VMAT2 inhibitors, which are first tier. For those
in the USA, the newer agents would be considered first
line, but in those countries where these are not available,
then TBZ would be first line. Not all patients will respond
or tolerate these agents. If that is the case, then patients can
be prescribed 1 or more second-tier agents (clonazepam,

Ginkgo biloba, or amantadine), based on risk–benefit re-
view. Not all patients will respond or tolerate these agents.
If that is the case, then 1 can consider prescribing 1 or more
of the many third-tier drugs, again based on a risk–benefit
review. The role of botulinum toxin depends on the phe-
notype. For tardive dystonia such as craniocervical dysto-
nia, it may be first-line treatment. If the problem is classi-
cal tardive dyskinesia of the orobuccolingual distribution,
then it can be used as part of the third tier. Once all medical
and toxin therapies have been exhausted then, based on
patient medical status, surgical therapy can be considered.
GPi DBS has the most evidence and should be the primary
target. There is a need for further data for using subthalam-
ic nucleus. It is possible that this algorithm will be benefi-
cial to a large portion of TS patients.

It should be made clear that these approaches to
treating TS are symptomatic. They do not reverse the
pathogenic process that causes TS. When these treatments
are withdrawn, including VMAT2 inhibitors or DBS, the
symptoms return. In addition, the data from clinical trials
rarely indicate the impact of the therapy on individual
phenotypes of TS, for example tardive dystonia or
akathisia. There is still a great need to develop new im-
proved treatments. This should include prevention with
the diminished use of off-label use of antipsychotics.
Further, there is a need to develop new antipsychotics that
are safer and cause lower rates or no drug-induced move-
ment disorders. This could include further controlled trials
with clozapine monotherapy. Further, studies on individ-
ual phenotypes would be helpful in directing therapy.
There is also a need to gain a better understanding of
the pathophysiology in order to develop drugs that can
reverse the process. It appears nonhuman primate models
are the better route to delineating the mechanisms for TS.
The work completed in the last several years represents a
significant advancement for the treatment of TS but rep-
resents only an initial step toward improving care for this
population of patients.
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