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Tardive dystonia (TD), the second most common but most disabling form of

tardive syndrome, was initially described in 1982. It is caused by exposure to

dopamine receptor blocking agents including antipsychotics and antiemetics. It

most commonly presents as cranial or cervical dystonia. Characteristics

suggestive of a TD diagnosis include a young age of onset, male

predominance, and the higher prevalence of phasic cervical dystonia and

retrocollis. Treatment of TD is limited. In this paper we review the literature

on treatment options for TD as well as discussing a strategic approach. Options

include use of clozapine which appears to have anti-dystonia properties. Other

medications reported on with limited evidence include VMAT2 inhibitors,

anticholinergics, clonazepam, and baclofen. Botulinum toxin has been

shown to provide relief in TD in a manner similar to primary dystonia. The

largest literature is on the use of deep brain stimulation (DBS) of the globus

pallidus pars interna which includes blinded studies. We finish with providing an

algorithm based on current knowledge.
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Introduction

Tardive dystonia (TD) is the second most common variant of tardive syndrome (TS)

after orofacial tardive dyskinesia and the most disabling (1). It is the result of chronic

treatment with dopamine receptor blocking agents (DRBAs) including first and second

generation antipsychotics and certain promotility and antiemetic agents such as

metoclopramide which are also used for the treatment of migraine. TD is defined by

its persistence for at least 1 month following discontinuation of the offending agent as

opposed to acute dystonic reactions (2). While TD is usually included under the

encompassing term of TS (also referred to generally as tardive dyskinesia in older

literature), which also includes the more common orofacial dyskinetic phenotype
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among others, the first large series that focused specifically on

tardive dystonia was described in 1982 and included 42 patients

(3).While the classical tardive dyskinesia usually indicates chorea

predominantly affecting the orofacial region, the term tardive

dystonia (TD) is used for sustained and involuntary movements,

as is typical of idiopathic dystonia. In its initial description, TD

was defined as persistent dystonia with onset during or following

the use of antipsychotic drugs, in a patient with no family history

of dystonia and a negative work-up for other secondary

dystonias. A metanalysis of 41 studies, including a total of

11,493 patients on antipsychotics at the time of TS

assessment, showed an average prevalence of TS of 25.3% (4).

Lower (7.2%) figures were seen in patients treated with second

generation antipsychotics (SGA) and naïve to first generation

antipsychotics (FGA), compared to patients on SGA but

previously exposed to FGA (23.4%) (4). Similar data regarding

the overall prevalence of TS (23.4%) was reported in 1988, with

an incidence of 5% per year (5). TD prevalence ranges in the

literature from 0.5% to 21.6% (6–10), with a more recent series

including 30 patients with history of DRBAs use reporting a

36.6% prevalence of TD (11). The phenomenology of TS includes

choreoathetoid and stereotypical movements, dystonia,

akathisia, and less commonly myoclonus, tics, and tremor

(12). Due to its relatively higher prevalence, most of the

available research of TS pathophysiology is performed in

classical orofacial tardive dyskinesia (13). The main hypothesis

attributes TS to upregulation of dopamine D2 receptors

following chronic receptor blockade, resulting in a

hyperdopaminergic state; however, this is not fully supported

by animal models and human studies (1). The D2 receptor

hypersensitivity theory is supported by the fact that DRBAs

such as clozapine and quetiapine, which quickly dissociate

from D2 receptors (14), have a lower incidence of such

neurological side effects. However, there appears to be some

difference in pathophysiology between TD and the classical

choreiform syndrome. One important difference is the role of

the cholinergic system, as anticholinergic medications may

worsen and even increase the risk of classical tardive

dyskinesia, while they are often used in TD treatment (13).

The literature reporting on therapeutic interventions also

focuses on TS with few studies specifically examining TD.

Due to the relative rarity of TD, most studies include it

within a larger sample of TS patients, limiting the conclusions

that can be inferred regarding TD treatment specifically. We aim

to summarize the available literature of TD treatment and

provide a practical workflow to address this disabling condition.

Clinical features

In the original TD cohort reported by Burke et al. (3), mean

age of onset was 34 years, and male predominance was reported.

The majority of patients (64%) had segmental dystonia, followed

by focal (21%), and generalized (14%). Two expanded series of

67 patients (including 16 of those previously reported by Burke

et al. (15) and 107 patients (including 17 of those previously

reported by Burke et al. (9) confirmed the initially described

characteristics, including a significantly lower age of onset in men

compared to women (34 vs. 44 years). The clinical evolution of

TD was described by Kiriakakis et al. (9), which showed that

while most cases had a focal onset (83%), once the dystonia

progressed it was more frequently segmental (60%). The cervical

(37%) and cranial (33%) regions were the most commonly

affected at onset, becoming more frequently involved after

dystonia progression (66% and 60%, respectively). This was

true for limb dystonia affecting one or both uppers in 15% at

onset and 63% when the condition had fully developed. The risk

of TS, in general, increases with treatment duration of exposure

(1), and although a few months of treatment are required for

diagnosis (2, 16), there seems to be no minimum duration of

treatment with DRBAs associated with TS (9, 17). In these

studies, the duration of exposure to DRBAs before onset of

TD was on average of 3.7–7.3 years, with a very wide range of

3 days to 37.5 years reported (3, 9, 15). There is also a tendency to

need a shorter duration of neuroleptic exposure in younger

patients (3, 9). Dystonia progression may occur over months

to years, with a mean of 1.8 years reported in one study;

progression was more rapid in patients whose dystonia onset

occurred at a younger age and after a shorter interval from

DRBAs initiation (9).

While the clinical phenotype of TD may be indistinguishable

from that of primary dystonia (17), comparisons of clinical

characteristic of idiopathic versus tardive cervical dystonia

found that TD presents more frequently with head jerks,

extracervical involvement, retrocollis, antecollis, and right

compared to left torticollis (9, 18). Additionally, head tremor

was not present in the TD group. A study comparing idiopathic

and tardive oromandibular (OMD) dystonia (19) found that

isolated OMD and the association of cranial stereotypy were

higher in tardive than in idiopathic forms, while cervical dystonia

more frequently co-existed with idiopathic than with tardive

OMD. In a case series of lingual protrusion dystonia, TD was the

most common etiology (20). Task specificity and sensory tricks

may also characterize certain forms of TD (17). The likelihood of

remission of TD is around 10%, but increases by discontinuing

the offending agent as soon as dystonia is diagnosed and with a

shorter treatment course (9). Kang et al. (15) reported that out of

42 patients in whom DRBAs could be discontinued, only five

experienced a remission (after 11 months to 5 years following

DRBA discontinuation). The patients who achieved remission

had a younger age at dystonia onset, shorter exposure to DRBAs,

earlier medication discontinuation after the onset of TD, and

earlier treatment. It has been shown that neither dystonia or

dyskinesia has impact on occurrence of remission (21) In

addition to its persistent nature, TD can be socially and

functionally disabling (22), and be associated with
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complications such as fractures (22), spine disease and

myelopathy (23, 24), dysphagia (25–27), dyspnea (27), and

rhabdomyolysis (28).

Methods

A literature search was performed on the PubMed database

for publication title and/or abstract including “tardive dystonia,”

“tardive dyskinesia,” “tardive syndrome” and a combination of

these with clozapine, antipsychotic, VMAT inhibitors,

tetrabenazine, valbenazine, deutetrabenazine, benztropine,

trihexyphenidyl, clonazepam, baclofen, deep brain stimulation,

pallidotomy. The search was limited to papers in English.

Abstracts were reviewed for pertinence and papers selected

and reviewed. References from these publications were also

reviewed and included as appropriate.

Treatment

The medical treatment of TD has been described as limited

and unsatisfactory starting from the earlier reports (3, 9, 15). As

with classical orofacial tardive dyskinesia, the first step in

treatment is discontinuation of DRBAs if possible (9, 17).

This should be performed with a progressive taper, as TD

may worsen following DRBAs discontinuation (15). It should

be noted that the evidence for this approach in reversing TS is

lacking (29).

Second generation antipsychotics

Second generation antipsychotics (SGA) are currently

utilized more often than first generation agents (FGA) but

retain a risk of causing TD and TS (1). If discontinuation of

DRBAs is not possible due to psychiatric comorbidities, a second

strategy is to substitute FGAs with SGAs or substitute SGAs with

one that is less potent in blocking D2 receptors (30). Evidence for

this approach is also lacking (29). While DRBAs may be effective

in suppressing TD (15), their continuation may worsen or

decrease the chances of remission of the TS (9). Their use as

a treatment for TD may be justified if TD is severe and painful or

associated with muscle damage, if a dystonic storm ensues, or if

no improvement is noted after being off DRBAs for a sufficient

time (3, 17).

Under these circumstances, clozapine is a particularly

interesting agent for treating TD (22). Several studies suggest

clozapine may itself improve dystonia through a direct effect, not

viamasking. Lieberman et al. examined the effect of clozapine on

37 TS patients including seven who had TD (31). Forty-three

percent of the total sample had an improvement of at least 50%,

and four TD patients experienced a more pronounced benefit.

After discontinuation of clozapine in two patients, TD recurred

in one. In a case series of seven TD patients treated with

clozapine, four achieved total or near total remission while six

demonstrated some improvement. One patient had no

recurrence after clozapine discontinuation for 2 weeks, while

one had worsening of dystonia after stopping the medication

(32). Another series of five patients (33) showed positive results

of clozapine for TD and tardive dyskinesia within 10 days to

3 weeks. Improvement ranged from 50% to complete resolution.

Two patients treated for at least 1 year did not experience a

recurrence of TD after clozapine discontinuation. Additional

reports of successful treatment of TD with clozapine are listed in

Table 1. Three patients responded to combined treatment with

clonazepam and clozapine (35, 40). Other reports showed no

benefit of clozapine (48, 49), or worsening of TD upon clozapine

introduction (50). The data from these experiences would suggest

that a randomized controlled trial should be undertaken but this

has not developed.

In the treatment of psychosis and TD, some reports have

found benefit with olanzapine (51–54), risperidone (9, 55, 56),

quetiapine (57–61), and aripiprazole (62–65). It is likely that their

effect is mediated through masking of the abnormal movements

or by an active therapeutic mechanism.

VMAT2 inhibitors

The VMAT2 inhibitors tetrabenazine, valbenazine, and

deutetrabenazine are dopamine depleting medications which act

by inhibiting the transport and sequestration of monoamines into

presynaptic vesicles, therefore promotingmonoamine degradation

in the cytosol and reducing dopaminergic transmission. They were

approved by the FDA for the treatment of Huntington disease-

associated chorea (tetrabenazine and deutetrabenazine) and

tardive dyskinesia (deutetrabenazine and valbenazine) following

completion of randomized, double-blind, placebo-controlled trials

in each disorder (66–71). Both deutetrabenazine (in doses of

24–36 mg daily) and valbenazine (in doses of 80 mg daily) were

each shown in two separate randomized, multicenter, double-

blind, placebo controlled trials to demonstrate a statistically

significant improvement in the Abnormal Involuntary

Movement Scale (AIMS) severity scale (~3 point change, with a

1.9 point change for valbenazine 40 mg daily) for TS with

acceptable tolerability, and these results were maintained for

1–3 years (68, 69, 71). These trials included patients with all

phenotypes for TS including TD but the phenotype (dystonia,

chorea, etc.) is not indicated in the AIMS scale so that the number

of patients with dystonia and their response could not be separated

from the rest of the TS cases. No large scale trials have been

dedicated to studying their efficacy to treat TD, and truncal

dystonia was an exclusion criterion in the trials investigating

valbenazine in tardive dyskinesia (71). Hence, it remains

unclear what the extent of response is for TD.
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Tetrabenazine is a much older drug and, while it was not

studied in randomized, multicenter controlled trials for TS, there

is some data regarding effectiveness in TD in smaller open label

cohorts. The first experiences were reported in the initial series by

Burke et al. in 1982 (3), with improvement noted in 68% of

19 treated patients. Treatment dosages were not reported. Kang

et al. (15) noticed a response in three out of seven patients treated

with tetrabenazine alone and ten out of 16 treated with a

combination of tetrabenazine and other agents (with a

tetrabenazine dosage of 12.5–250 mg, mean of 174 mg, in

responders). No details are available regarding the degree of

improvement. Successful treatment of tardive oculogyric crises

was later reported in a case series of four patients (72). Kiriakakis

et al. (9) reported improvement in 16 out of 39 patients (mild in

ten, moderate in five, and marked in one; unknown dosage). A

larger open label study showed that tetrabenazine may be more

effective in TD than in idiopathic dystonia (82% of patients with

TD versus 62.9% of those with idiopathic dystonia achieving

marked improvement) (73). In this study, patients with TD were

treated with a mean maximal daily dose of 125 mg (ranging from

37.5 to 400 mg). In one patient, tetrabenazine doses up to 75 mg

daily led to remission of tardive cervical and truncal dystonia

after 4 weeks of treatment (74). Benefit of tetrabenazine in TD

ranges from transient (75) to complete resolution after its

discontinuation (76).

Anticholinergics

Anticholinergics have been utilized to treat TD because of

their effectiveness in idiopathic dystonia (77), but experience is

limited to case series and case reports, and dosages needed for

therapeutic efficacy are often not reported. In general, this class of

drugs worsens the classical orofacial syndrome, and increases the

risk of its development (3, 78). In the largest TD cohort

examined, out of 54 patients treated with anticholinergics,

Kiriakakis et al. (9) obtained mild benefit in 16, moderate in

six, and marked in two. In addition, Burke et al. (3) achieved

some benefit in seven out of 18 patients treated with

anticholinergics (benztropine, trihexyphenidyl, procyclidine,

and ethopropazine). Subsequent smaller experiences included

response in three out of eight patients and in four out of nine

treated with 10–32 mg daily of trihexyphenidyl alone or in

combination with other agents, respectively (15). A similar

TABLE 1 Clozapine use in tardive dystonia.

Publication Number of
patients with TD

Daily clozapine dose (mg) Efficacy Time to onset of
benefit

(34) 1 250 initially, and 325 after relapse
following discontinuation

Near resolution 14 weeks, then 5 months

(31) 7 Up to 900 Improvement of at least 50% in 43% of total sample and
higher improvement in 4 TD patients

2 weeks in 1 patient

(35) 2 900 (with clonazepam 3–6 mg
daily)

DISCUS reduction from 8 to 2 and 3 Unknown in one, 2 weeks
in one

(36) 1 300 Marked Several months

(37) 3 350–725, unknown in 1 patient Marked to complete in 2 (the third case benefited from
reserpine, with clozapine maintained for psychosis)

3 weeks in 1 patient, less
than 1 year in another

(38) 1 300–625 Near-complete Near complete resolution at
3 months

(39) 1 450 Marked N/a

(40) 1 550 (with clonazepam 3 mg daily) Near resolution 2 weeks

(32) 7 508 (mean in 6 patients) Near-complete to complete in 4, partial in 2, none in 1 N/a

(9) 7 N/a Moderate in 2, mild in 2 N/a

(41) 1 100–150 Complete 4 weeks

(42) 1 350 BFMDRS reduction from 71 to 6 (2.5 at further
follow-up)

Reported score at 3 months

(43) 1 300 Complete Complete resolution at
21 months

(44) 1 250 92% improvement in BFMDRS 3 months

(33) 5 62.5–175 50%–100% 10 days to 3 weeks

(45) 1 87.5 ESRS dystonia subscore reduction from 10 to 0 1 month

(46) 21 N/a 69% improvement in ESRS dystonia subscore N/a

(47) 1 150 DIEPPS dystonia subscore reduction from 3 to 0 16 weeks

Abbreviations: TD, tardive dystonia; DISCUS, Dyskinesia Identification System Condensed User Scale; n/a, not available; BFMDRS, Burke-Fahn-Marsden Dystonia Rating Scale; ESRS,

Extrapyramidal Symptom Rating Scale; DIEPPS, Drug-Induced Extrapyramidal Symptoms Scale.
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response rate was seen with ethopropazine (100–450 mg) alone

or in combination (in three out of 11 and five out of 12 patients).

Trihexyphenidyl (6–36 mg daily) in the setting of DRBAs

discontinuation or reduction also led to amelioration of TD in

case reports (79–81).

Benzodiazepines

The benefit of clonazepam in TD is occasionally reported in

combination treatment with clozapine (Table 1) (35, 40) or less

commonly with clonazepam alone (5.5 mg daily) (82). Five of

25 patients showed response in Kang et al.‘s series (15); two out of

six responded to diazepam (dose of 15–30 mg in responders) in

combination treatment, one out of four and one out of six to

clonazepam (dose of 10–12 mg in responders) alone or in

combination respectively, and one out of nine to lorazepam

(dose of 12 mg in responders) in combination treatment. A

double-blind randomized placebo-controlled trial (83) of

clonazepam for TS included six patients with predominant

TD who exhibited an improvement of 41.5% in dyskinesia

scores with a mean dose of 3.83 mg per day. Scores during

treatment with clonazepam were significantly decreased

compared to baseline and placebo administration.

Baclofen

While there are several trials of baclofen reported for TS with

mixed results (1), few reports of the use of baclofen specifically

for TD are available. Benefit (mild in four and moderate in one)

was obtained in five out of nine patients of one series (9), while

lower success rates were noted in another series in which one

patient out of eight responded to a baclofen dosage of 80 mg (15).

Case reports showed a range of results from modest benefit with

60 mg of baclofen per day (34) up to near-complete symptom

resolution when baclofen (80 mg per day) was used in

combination with reserpine (36). This combination therapy

led to worsening psychosis and needed to be discontinued.

Intrathecal baclofen has also been used in one patient to

improve axial dystonia following failure of oral medications

(including oral baclofen) or of botulinum toxin, and transient

response to neurotomy (84). The patient benefited from a

continuous intrathecal baclofen infusion of 100 μg/day with

marked improvement of her dystonia.

Botulinum toxin

Botulinum toxin (BoNT) is an established and efficacious

treatment for idiopathic dystonia which received FDA approval

in 1989 (85, 86). Over the years, botulinum toxin use has been

expanded to the phenomenologically similar TD using the same

techniques, but there are no double-blind, controlled trials. Most

of the results are open label experiences and use

onabotulinumtoxinA. Kaufman reported the use of botulinum

toxin in three patients affected by tardive cervical dystonia, with

results including complete symptom resolution in one patient

(87). Kiriakakis et al. (9) reported improvement in 83% of

patients with tardive cervical dystonia and in 86% of patients

with tardive blepharospasm. An open label study including

34 patients with TD treated with botulinum toxin injections

achieved moderate to marked improvement in the majority of

patients (29 out of 38 treated body regions) (88). A comparison

study of botulinum toxin type A in idiopathic cervical dystonia

versus tardive cervical dystonia included 149 patients with

idiopathic cervical dystonia (ICD) and 7 with TD, and

showed a similar improvement in severity in the two groups,

but with a higher average dose used in the TD group compared to

ICD (mean of 287 vs. 220 units) (89). A subsequent study

comparing 92 patients with idiopathic and 24 with tardive

oromandibular dystonia (19) confirmed a moderate benefit of

BoNT and found no differences in dose and efficacy of botulinum

toxin between the two groups, when injecting only the masseters,

geniohyoid, digastric, and mylohyoid muscles. Molho et al. (18)

compared 78 patients with idiopathic and eight with tardive

cervical dystonia and found no differences in efficacy or dosage

used. Other reports with variable results include cases of

oromandibular TD (90) and tardive lingual protrusion

dystonia (20, 91). The addition of electromyographic or

ultrasound guidance can be considered (92). Partial efficacy

has also been reported in tardive truncal dystonia, with five

patients experiencing a 32% mean subjective improvement in

symptoms after treatment with abobotulinumtoxin A injections

in the paraspinal or rectus abdominis muscles (93).

Surgical treatment

Deep brain stimulation of the globus pallidus
pars interna

Deep brain stimulation (DBS) of the globus pallidus pars

interna (GPi) is an established treatment for isolated dystonia

(94, 95), leading to investigations of its use for TD refractory

to medications or botulinum toxin injections (Table 2). An

initial case report (96) described combined bilateral GPi and

ventralis intermediate nucleus of the thalamus (VIM) DBS to

treat a 70-year-old woman with tardive dyskinesia and

dystonia with blepharospasm and neck and arm

involvement. While VIM stimulation was not beneficial, an

improvement was noted hours after GPi stimulation was

started, and at 6 months the motor Burke-Fahn-Marsden

Dystonia Rating Scale (BFMDRS) and AIMS were

decreased by 73% and 54%, respectively. Symptoms

worsened after stimulation was discontinued for one to

2 hours. Additional early single cases included a patient
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TABLE 2 Deep brain stimulation of the globus pallidus pars interna for tardive dystonia.

Publication Study design Number of
patients
with TD

Age at
surgery
(years)a

Target Efficacya Time to
onset of
benefita,b

Follow-up
length

(96) Case report 1 70 b/l GPi and VIM Motor BFMDRS and
AIMS decreased by 73%
and 54% at 6 months

Hours 6 months

(97, 98) Case report 1 40 b/l GPi Motor BFMDRS and
AIMS decreased by 28%
and 41.7% at 12 months

4 days, then
progressive

12 months

(99) Case report 1 53 b/l GPi Total BFMDRS decreased
by 59.6% at 1.5 years

Progressive
over 3 months

1.5 years

(100, 101) Case series 5 41 b/l GPi Motor BFMDRS
improved by 70.9% at the
last follow up

n/a 15–76 months

(102) Open label 3 56 b/l GPi Motor BFMDRS did not
change in the 2 patients
with available data
(62–63.5 and 76–77)

n/a 36 (30 and 42)
months

(103) Case series 2 33 and 30 b/l GPi BFMDRS improved by
42% and 78%

2–3 days 1 year

(104) Case report 2 44/50 b/l GPi Motor BFMRDS
decreased by 86%
and 63.5%

Pt 1: hours 13 and 7 months

Pt 2: “rapid”,
maximal at
3 weeks

(105) Prospective phase
2 multicenter study

10 45 b/l GPi Total ESRS, dystonia
ESRS subscore, and AIMS
core improved by 61, 68,
and 56% at 6 months

Days (for
dyskinesia) to
weeks

6 months

(106, 107) Case series 12 45 b/l GPi Total BFMRDS improved
by 75% at mean follow up
of 78 months

1 month in
11 patients

78 months

(108) Case report with
double-blinded
assessment

1 42 b/l GPi Total BFMDRS and
AIMS decreased by 90.7%
and 76.7% at 3 months

Unknown 6 months

(109) Observational open
label study

9 63 b/l GPi Motor BFMDRS and
AIMS improved by 83%
and 78.7% at last f/up

1 week (motor
BFMDRS
improved
by 56.4%)

40.7 months,
(range 18–80)

(110) Case series 4c 59 b/l GPi Motor BFMDRS
decreased by 84% (mean)
at 27.3 months (mean)

Several days for
phasic
movements

27.3 months

(111) Case report 1 18 b/l GPi BFMDRS improved from
96.8% at 12 months

Few days 12 months

(112) Case report 1 27 GPi Motor BFMDRS
decreased by 90% at
15 months

3 weeks 15 months

(113) Case series 3 49 GPi BFMDRS and GDS
improved by 77%
and 66%

1 week in
2 patients

3–10 years
(range)

(114) Case series 8 48 b/l GPi DBS in 6, R
GPi in 1, R GPi
DBS following L
pallidotomy in 1

Total BFMDRS improved
by 85.1% at 48 months

3 months 48 months for all
patients, up to
6 years

(115) Case series 2 n/a b/l GPi BFMDRS decreased
by 73.5%

Days 36 months

(116) Prospective phase
2 multicenter study

Unclear percentage
of 19 patients with
tardive syndrome
(including
10 patients from
Damier et al.)

52 b/l GPi Significant decrease in
ESRS dystonia subscore at
1 year

Days to weeks 1 year (range
6–11 for
14 patients)

(Continued on following page)
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with severe camptocormia, who experienced improvement

starting 4 days after stimulation initiation, and whose latest

reported motor BFMDRS improved by 28% compared to

presurgically (97, 98). After 1 month of stimulation, the

patient was able to eat in an upright position and at

6 months he could stand upright and walk for 50 feet. The

patient’s symptom would reappear after stimulation

discontinuation for two to 12 h. Despite the report of

better outcomes of GPi DBS or pallidotomy for primary

versus secondary dystonia (99), multiple successful open

label reports of DBS for TD followed (Table 2).

The STARDYS study group (105) included ten patients with

TD with or without associated orofacial tardive dyskinesia,

assessed preoperatively and at three and 6 months after

bilateral GPi DBS. Each of the postoperative assessments

included an evaluation on stimulation and off stimulation on

two consecutive days. At the six-month follow-up, these were

performed in a double-blinded fashion. Results included

improvement of 61% at 6 months in the Extrapyramidal

Symptom Rating Scale (ESRS) score (and by a mean of 68%

in the dystonia subscore), 56% in the AIMS score compared to

baseline. Improvement was noted days or weeks after the

TABLE 2 (Continued) Deep brain stimulation of the globus pallidus pars interna for tardive dystonia.

Publication Study design Number of
patients
with TD

Age at
surgery
(years)a

Target Efficacya Time to
onset of
benefita,b

Follow-up
length

(27) Case report 1 19 b/l GPi BFMDRS improved by
104 80.8% at 1 year, and
69.2% at 3 years (after
worsening due to IPG
depletion and
replacement)

2 days 3 years

(28) Case report 1 38 b/l GPi Motor BFMDRS
improved from 69.6% at
1 year

n/a 3 years

(117) Randomized, double-
blinded, delayed-start,
sham stimulation
controlled,
multicenter trial

23 62 (active) b/l GPi Motor BFMDRS
improved by 22.8% in the
active stim group and
12% in the sham group at
3 months; AIMS score
improved by 29.6% in the
active stim group and
worsened by 2.6% in the
sham group at 3 months;
at 6 months of active
stim, motor BFMDRS
improved by 37% and
30% in the 2 groups
compared to baseline

n/a 6 months

(118) 55 (sham)

(119) Dystonia case series 2 30/65 b/l GPi BFMDRS and TWSTRS
improved by 72.9% and
38.5% at 1 year

n/a n/a

(120) Case series 5 54 b/l GPi Motor BFMDRS
decreased by 77.6%

n/a 56.2 months

(121) Case series 3 53 b/l GPi Motor BFMDRS
improved by 79.3%
(mean) at last follow up

1 day 113 months

(122) Case report 1 27 b/l GPi Motor BFMDRS and
AIMS improved by 68%
and 50% at 1 year

4 months 1 year

(110) Case series 7 58 b/l GPi Motor BFMDRS and
AIMS improved by 90%
and 73%

n/a 121.7 months
(range 63–171)

aUnless specified, all numbers are reported as means for studies including more than 2 patients.
bEarliest available.
cOne patient had previously undergone b/l GPi DBS surgery, followed by unilateral stimulation as one lead was misplaced, and follow-up in the reported study is from revision surgery.

Abbreviations: TD, tardive dystonia; GPi: globus pallidus pars interna; VIM, ventralis intermediate nucleus of the thalamus; BFMDRS, Burke-Fahn-Marsden Dystonia Rating Scale; AIMS,

Abnormal Involuntary Movement Scale; n/a, not available; ESRS, Extrapyramidal Symptom Rating Scale; GDS, Global Dystonia Rating Scale; IPG, implantable pulse generator; TWSTRS,

Toronto Western Spasmodic Torticollis Rating Scale.
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beginning of stimulation. An extension of this study including

19 patients with TS showed a 64% improvement of the ESRS

dystonia subscore at 12 months (116).

The largest study, and the only randomized double-blind

sham-stimulation controlled trial for GPi DBS for TD/TS (117),

included 25 patients, of which 23 completed the trial. The

subjects were randomized to active stimulation for 6 months

or to sham stimulation for 3 months followed by 6 months of

active stimulation. The outcome was evaluated by two

independent blinded raters of videos obtained at baseline and

after three and 6 months of active stimulation. There was no

significant difference in improvement of BFMDRS at 3 months

(primary outcome) between the groups, except for a significant

difference in improvement in the limb dystonia subscore,

favoring the active stimulation group. The AIMS score

improvement was also significantly better in the active group

compared to the sham. Only the active stimulation group

exhibited a significant improvement in motor BFMDRS

compared to baseline, with a mean improvement of 22.8% at

three and of 41.5% at 6 months. Of note, the target sample size

was not reached, possibly affecting results. Skin erosion in the

sham group, confusion for 3 months with active stimulation,

worsening of dystonia during sham stimulation, and extension of

hospitalization for dystonia and pulmonary embolism in another

patient were the serious adverse events reported. Non-serious

events included gait disorder and dysarthria.

The most recent long-term results were reported in seven

patients whose mean BFMDRS motor score improved by 90%,

while their BFMDRS disability score improved by 79% at a mean

follow-up of 121.7 months (122). Mouth and neck dystonia

showed the best improvement. Of note, three patients turned

their stimulation off with no worsening of dystonia at the last

follow-up, after 6–59 months off stimulation.

A study analyzing the different response of various dystonia

distributions included six patients undergoing bilateral GPi DBS,

one undergoing right GPi DBS, and one patient undergoing right

GPI DBS following left pallidotomy (114). Three patients had an

improvement above 80% after 1 month, while the mean total

BFMDRS improved by 43.6% in that time frame. The mean

improvement in BFMDRS at 48 months was 85.1%. One patient

had late worsening in dystonia correlated with a depressive

episode. The earliest clinically significant improvement, within

3 months, was noted in speech, swallowing, and mouth dystonia,

while neck and trunk dystonia had an early but slowly

progressive improvement, requiring stimulation adjustments

over 48 months in some cases. Upper and lower limb dystonia

exhibited results in 18 and 48 months, respectively.

In comparison to the onset of stimulation benefits in isolated

dystonia (99, 103), the effects of GPi DBS in TD seem to be

evident very rapidly after stimulation is started, with intervals as

short as a day (115, 120). Consistently, the effects of stimulation

may quickly dissipate, as shortly as 1 week following battery

depletion (113, 123). This may lead to severe adverse events

including status dystonicus as reported in one patient who

experienced abrupt symptom recurrence 3 years after GPi

DBS implantation (28).

A negative result for GPi DBS in TD was reported by Krause

et al. (102) within a larger case series including primary and

secondary dystonia. No benefit was noticed up to 30–42 months

of follow-up in two out of three TD patients. One of the patients

had her IPG removed in the early postoperative course due to

infection and no data was available. A recent case series by

Koyama et al. (106) expanded on their previous results (107) and

included 12 patients treated with GPi DBS. While the mean

improvement in the total BFMDRS score was 77.8% at 1 month

and 75% at the last available follow-up, poor efficacy was noted in

two patients who were older and had a longer duration of disease

prior to surgery.

Regarding psychiatric effects, Gruber et al. (117) reported

improvement in patient-rated Hospital Anxiety and Depression

total and anxiety sub-scores but worsening in physician-rated

scores. The Mattis Dementia Rating Score did not change.

Damier et al. (105) reported mood worsening in three out of

ten patients, with spontaneous resolution. A case of worsening

mania improved with stimulation changes was reported (106).

Although not all studies evaluated the psychiatric comorbidities

following surgery, the overall lack of severe psychiatric adverse

events or worsening of psychiatric comorbidities is reassuring

(100, 105, 107, 113, 117, 124). The importance of a stable

psychiatric condition and postoperative psychiatric monitoring

is emphasized (100).

Deep brain stimulation of the subthalamic
nucleus

The subthalamic nucleus (STN) has been reported as a DBS

target for TD in a smaller number of patients (125–129). The first

reports showed an improvement of more than 90% in motor

BFMDRS at 3 months following bilateral STN DBS in two

patients with TD (127, 128). One continued to have persistent

benefit at 12 years, with ability to turn off the stimulation for

several days (130). Deng et al. later reported a series of ten

patients treated with bilateral STN DBS achieving a mean

improvement of 88.3% in the motor BFMDRS score at the

last follow-up time (mean of 65.6 months) (126). There was a

microlesion effect in five patients, and a mean improvement of

55.9% in the motor BFMDRS score was obtained after just 1 week

of stimulation. One patient experienced a decline in efficacy at

the last follow-up, and this was attributed to ventricular

dilatation. In one patient, the stimulation could be turned off

with no impairment in light exercise or discomfort.

Ablative surgeries
The experience of pallidotomy in patients with TD is quite

limited, but may have benefits for psychiatric patients including the

limited follow-up required (131). The eligibility to undergo

electroconvulsive therapy (ECT), as no hardware is implanted, is
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also a mentioned advantage (132). However, no clear evidence is

available regarding the safety of ECT following DBS lead

implantation (133). The first reported bilateral pallidotomy in

severe TD (134) resulted in an improvement in BFMDRS from

76 to 21 in motor score and 22 to 4 in disability score. Following case

reports showed a 95% improvement in motor BFMDRS in one

patient who underwent bilateral pallidotomy following DBS

hardware rejection (135), complete resolution after staged bilateral

pallidotomy in a case of tardive camptocormia (132), resolution of

life-threatening tardive jaw opening dystonia sustained at a follow-up

over 2 years (131), and long-term (5 years) improvement of Unified

Dystonia Rating Scale from 24 to 2 after left pallidotomy in a patient

with tardive dyskinesia and dystonia (136).

Even more rare is the use of thalamotomy, and the few

reported cases include two patients out of a larger series, one with

moderate improvement after bilateral thalamotomy and one with

mild improvement after unilateral thalamotomy (9), and a

successful right thalamotomy (137) for tardive dyskinesia and

FIGURE 1
Proposed treatment algorithm for tardive dystonia.
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left arm, neck, and truncal dystonia with an improvement to

minimal neck dystonia sustained at 12 months.

Discussion

TD is the most debilitating of tardive syndromes, severely

impacts quality of life, and is largely irreversible. First described

in the 1980s, investigations of its pathophysiology and treatment

have been quite limited because it is less common than classical

orofacial tardive dyskinesia. The outcome has been frequently

delayed diagnosis and lack of effective therapies and little in the

way of reasonable research activity and therapeutic evidence.

More recently, DBS (targeting the GPi, and secondarily the STN)

has been better studied in TD, providing the best body of

literature for beneficial TD treatment. While DBS is nowadays

vastly implemented for multiple indications, its use in TD is still

limited perhaps because of psychiatric comorbidities.

A proposed treatment algorithm is displayed in Figure 1. For

treatment of TD patients, we recommend that the first step be the

removal of DRBAs. While this is possible in non-psychiatric patients

treated with DRBAs for gastrointestinal problems, it is often not

feasible in psychiatric patients. In that case efforts should be made, in

conjunction with the treating psychiatrist, to change the current

antipsychotic regimen in favor of clozapine, which seems to have a

unique effect in reversing TD. If after weeks no sufficient

improvement is noted, further treatment includes oral

medications such as VMAT2-inhibitors, anticholinergic drugs,

clonazepam, and baclofen. Among these, the greatest positive

experience appears to be with tetrabenazine. However, patients

with TD may also present with drug-induced parkinsonism or

akathisia, which may worsen with VMAT-2 inhibitors. It should

be remembered that classical orofacial tardive dyskinesiamayworsen

with anticholinergic drugs. For focal dystonia or to address the more

incapacitating symptoms in segmental or generalized dystonia,

botulinum toxin treatment can be provided using procedures

developed for primary dystonia. Finally, we should consider DBS

at an earlier stage in severely disabled patients, as current evidence

suggests that it is very effective.

Prevention and prompt intervention remain the most

important tools to limit this severely detrimental syndrome.

We recommend that patients be monitored closely when

treated with DRBAs and be prepared to withdraw, switch, or

adjust psychiatric medications when symptoms begin to emerge.

While this strategy still lacks evidence it certainly is logical.

Neurologists should closely question the use of DRBAs when

confronted with patients with dystonia in clinic. Additionally, the

use of DRBAs for gastrointestinal disorders and migraine should

be discouraged.

There are several therapeutic interesting and important

research proposals that could bring about useful information

in a short period of time to improve treatment of TD. First,

clozapine has the potential to be a difference maker in this patient

group. It appears to be time to examine its use more closely with a

randomized controlled trial. Second, VMAT2 inhibitors have

been studied extensively in TS with multicenter trials. The AIMS

was the primary efficacy outcome measure. It does not indicate

which TS phenotype is present, but videos of all patients were

completed. It is possible to review these to find TD cases and

examine their response. Finally, DBS is an important approach to

treating TD. More studies need to be done to examine the impact

of DBS on comorbid psychiatric symptoms, as demonstrating

safety in psychiatric populations could increase the opportunity

to receive a useful therapy.
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