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Abstract Tourette’s syndrome (TS) is a neuropsychiatric

disorder of childhood onset characterized by multiple

motor and phonic tics that fluctuate over time. Tic symp-

toms often improve by late adolescence, but some children

and adults with TS may experience significant tic-related

morbidity, including social and family problems, academic

difficulties, and pain. When more conservative interven-

tions are not successful, and when certain psychiatric co-

morbidities further complicate the clinical profile, treating

TS with an atypical antipsychotic medication may be a

reasonable second-tier approach. However, the evidence

supporting efficacy and safety of the atypical antipsychot-

ics for treatment of tics is still very limited. The objective

of this paper is to provide an updated overview of the role

of atypical antipsychotics for treatment of TS, with evi-

dence-based guidance on their use. Evidence for efficacy of

different typical and atypical antipsychotics for treatment

of tics was examined by conducting a systematic, keyword-

related search of ‘atypical antipsychotics’ and ‘Tourette’s

syndrome’ in PubMed (National Library of Medicine,

Washington, DC, USA). Four recent treatment consensus

publications were also reviewed. This review focused on

literature published from 2000 to 2013 and on available

randomized controlled trials in TS. Evidence supporting

the use of atypical antipsychotics for treatment of TS is

limited. There are few randomized medication treatment

trials in TS (i.e. risperidone, aripiprazole, ziprasidone),

which employed varying methodologies, thereby restrict-

ing meaningful comparisons among studies. Future col-

laborations among clinical sites with TS expertise

employing high-quality study design may better elucidate

the role of atypical antipsychotics for treatment of TS.

Key Points

Non-pharmacological behavioral therapies are first-

tier treatments for impairing tics of moderate

severity in patients with Tourette’s syndrome (TS).

Atypical antipsychotics are second-tier treatments

for impairing tics of moderate severity and may be

helpful for treating TS-associated psychiatric

comorbidities.

The evidence for use of atypical antipsychotics in TS

is limited, and current guidelines also rely on

experience and regional practices.

1 Background

Tourette’s syndrome (TS) is a neuropsychiatric disorder of

childhood onset, characterized by bouts of multiple motor

and phonic tics that persist for at least 1 year [1]. The

highly related condition chronic tic disorder shares similar

demographic and phenomenological features with TS but is

distinguished by the presence of only chronic motor or only

chronic vocal tics but not both [1]. Tics are defined as

sudden, rapid, recurrent non-rhythmic motor movements or
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vocalizations. Some tics may be very brief, simple move-

ments or phonations involving only one or a few proxi-

mally related muscle groups (e.g. eye blinking, throat

clearing). Other tic symptoms comprise more complex

motor or phonic repertoires involving multiple muscle

groups (e.g. twisting, utterances of words or phrases).

Premonitory urges are sensory phenomena (e.g. a localized

tickling or an itchy sensation) that precede and are allevi-

ated by executing the tic. Sometimes described as a feeling

of being ‘not just right’, the premonitory urges provoke

repetition of the tic and may be more distracting than the

tics [2]. Tics may intensify during periods of stress, anxi-

ety, excitement, and fatigue and may be more prominent in

a particular setting [3]. Suppressible for varying periods of

time, particularly in novel or social settings, tics often

diminish during intense focus on a particular activity or

task [4].

1.1 Epidemiology of Tourette’s Syndrome (TS)

TS occurs worldwide, and estimates of its prevalence vary

depending upon the diagnostic criteria and assessment

methodology employed. The overall international preva-

lence of TS has been estimated to be 1 %, and up to 3–4 %

for chronic motor or chronic vocal tic disorders [5]. The

prevalence of TS in youth between the ages of 5 and

18 years has been reported to be between 0.4 and 3.8 %

[6]. The first estimate of the national prevalence of diag-

nosed TS in the USA was obtained by the National Survey

of Children’s Health (NSCH) in 2007, which included

questions and collected complete data about TS from

64,034 youths aged 6–17 years. Data concerning a child in

the family who was diagnosed with TS were obtained by

using random-digit dialed telephone surveys and interviews

of parents or guardians [7]. This population-based national

survey found that boys were three times as likely to be

diagnosed with TS than were girls, and that non-Hispanic

White youth were two times more likely to be diagnosed

with TS than Hispanic and non-Hispanic Black youth, with

an overall estimated prevalence of a lifetime diagnosis of

TS to be 3.0 per 1,000. The NSCH data also indicated that

79 % of children diagnosed with TS had a co-occurring

neurodevelopment condition [7]. A population-based study

using prospective data obtained from the Longitudinal

Study of Parents and Children (ALSPAC) in England

examined prevalence of tic disorders in 6,768 children aged

13 and 14 years [8]. By applying three levels of diagnostic

stringency (i.e. narrow, intermediate, and broad), the

investigators found a prevalence of 0.3–0.8 % for TS and

of 1–3 % for chronic tic disorder. Using this data set, the

prevalence of co-morbid psychiatric disorders was signifi-

cantly lower [8]. A recent meta-analysis of 13 studies in

children determined a TS prevalence of 0.77 %, with rates

in males four times higher than in females [9]. Less

information is known about the incidence of TS. A popu-

lation-based study that identified all children born in

Denmark from 1990 to 1999, and obtained diagnoses

reported by psychiatrists through 2004 by linkage with the

Danish National Psychiatric Registry, reported a TS inci-

dence of 65/100,000 [10].

1.2 Genetic and Epigenetic Influences on TS

Both genetic and epigenetic influences have been associ-

ated with TS. Family and twin studies have highlighted the

importance of genetic risk factors in the development of

TS. Concordance rates for chronic tic disorder between

monozygotic twins are 77–94 % compared with 23 % for

dizygotic twins [11, 12]. First-degree relatives have a risk

for TS ranging between 9.8 and 15 % and a risk for other

tic disorders ranging between 15 and 20 % [13]. However,

investigations of TS inheritance by using candidate-gene

association, nonparametric linkage studies, and results

from the first genome-wide association study (GWAS) that

included 1,285 TS cases and 4,964 matched controls have

not yet identified definitive TS susceptibility genes [14,

15]. The previously favored genetic models that posited

patterns of simple autosomal dominant Mendelian inheri-

tance in TS have yielded to a growing appreciation of the

complex polygenetic architecture of this disorder. Fur-

thermore, it appears likely that both additive and multi-

factorial influences, in combination with genetic factors,

play a role in TS [16]. Results from an investigation using

genome wide complex trait analysis (GCTA), a strategy

employed in the study of a number of complex neuropsy-

chiatric disorders including schizophrenia and autism,

suggest that multiple rare genetic changes (including

variants significantly associated with gene expression in

the parietal cortex and cerebellum) may account for a

significant proportion of the genetic risk in TS [17]. Recent

identification of a rare mutation in the histidine decar-

boxylase (Hdc) gene, first discovered in a two-generation

kindred with multiply affected family members, and also

studied using Hdc transgenic mice animal models, has

provided evidence implicating the involvement of the Hdc

gene and histadinergic neural pathways in the etiology of

TS [18–20].

However, clearly, genetic risks do not account entirely

for TS and there are numerous reported associations in the

literature between TS and various prenatal factors,

including increased maternal nausea and vomiting during

the first trimester, maternal life stress, complications during

pregnancy, and maternal smoking during pregnancy [21–

23]. The largest prospective study to date of non-genetic

risk factors and TS included data derived from 6,090

children (including 122 with either TS or chronic tic
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disorder at age 13 or 14 years) from the ALSPAC [24].

This study showed that maternal use of alcohol during the

last 2 months of pregnancy; and maternal smoking, caf-

feine, or alcohol use in the last trimester; cannabis use

during pregnancy (independent of maternal alcohol and

tobacco use); parity and inadequate maternal weight gain

during pregnancy were all significantly associated with TS/

chronic tic disorder [24–26].

Postnatal environmental factors have also been proposed

to play a role in TS, including possible infectious and

autoimmune triggers [27–29]. The PANDAS (pediatric

autoimmune neuropsychiatric disorders associated with

streptococcal infection) hypothesis proposes a causal rela-

tionship between group A b-hemolytic streptococcal

infections and the subsequent development of tics and/or

other neuropsychiatric symptoms. However, the clinical

and scientific evidence supporting the PANDAS hypothesis

is mixed, and its existence as a distinct clinical entity

remains highly controversial [30–33]. At this time, there

appears to be insufficient evidence to support routine

testing for group A streptococcus in youth with tics, nor are

there consistent findings to justify routine treatment with

antibiotics for putative PANDAS cases in the absence of

acute infection. Similarly, there is insufficient evidence at

this time to support treatment with immune-modifying

agents in most children with TS outside research settings.

1.3 The Natural History of TS

The natural history of TS is characterized by the appear-

ance of tics around ages 5–6 years. Tics typically follow a

waxing/waning course over the ensuing years, peaking

around ages 9–12 years, with a gradual diminution of

symptoms during adolescence and significant if not com-

plete remission of tics by early adulthood in the majority of

cases [34]. While longitudinal data derived from a patient

cohort followed from childhood to adulthood revealed that

only 10 % experienced complete tic remission, it has been

estimated that no more than 20 % of individuals with TS

will continue to experience lifelong moderate to severe tics

[35, 36]. Although there are no population-based studies of

TS in adults, a meta-analysis of two studies evaluating TS

in adults reported a prevalence of 0.05 %, indicative of the

significant decline observed in TS prevalence with matu-

ration [9]. Tic characteristics also appear to change during

the lifespan. A study of 43 adult patients with TS followed

at a specialty neurology program suggests that adult

patients with TS have more facial and truncal tics and

fewer phonic tics than youth with TS. Moreover, only

about 20 % of the adults with TS in this cohort reported

developing ‘new’ tics; most adults appear to experience

episodic re-emergences or exacerbations of prior childhood

tics [37].

Suggested predictors of tic severity in adulthood include

smaller caudate volumes, poorer fine motor control, greater

tic severity in childhood, and the presence of untreated

psychiatric co-morbid conditions such as attention-deficit

hyperactivity disorder (ADHD) and obsessive compulsive

disorder (OCD) [38, 39]. Long-term effects and impacts of

various treatment interventions on the natural course of TS

are not known. At this time, there is no known prophylaxis

or cure for TS and therefore management remains largely

aimed at reducing current symptom severity and decreasing

functional burden.

1.4 The Neurobiology of TS

Proposed neural mechanisms underlying TS have impli-

cated dysfunctional sensorimotor gating and disturbances

of the cortico-basal ganglia circuits [40, 41]. Neuroim-

aging studies support the role of specific brain regions

(including the ventral prefrontal cortex, orbital frontal

cortex, anterior circulate cortex, parietal cortex, and the

somatosensory cortex) along with the striatum and the

thalamus in the pathophysiology of TS [42, 43]. The

basal ganglia encompass a network of interconnected

subcortical structures including the striatum, globus pal-

lidus, substantia nigra, and subthalamic nucleus. Input

from the cortex, thalamus, hippocampus, midbrain, and

other structures is first conveyed to the striatum, which

then relays processed information to the globus pallidus

and substantia nigra. These latter structures in turn pro-

ject to the thalamus and then back again to the cortex.

This important circuitry known as the ‘cortical–striatal–

thalamic–cortical circuit’ (CSTC) makes possible coor-

dination of motor and cognitive processes, including

action selection, performance monitoring, response inhi-

bition, and goal-directed behaviors that may become

habitualized [44]. Disturbances of various neurotrans-

mitter systems involved in this important circuitry have

been hypothesized to play a role in the pathophysiology

of TS, including abnormalities in the dopamine, gluta-

mate, gamma-aminobutyric acid, and serotonin and his-

tamine neurotransmitter systems [19, 45].

Abnormalities in the CSTC are also implicated in a

number of psychiatric disorders, including those that occur

commonly with TS such as OCD, ADHD, non-OCD anx-

iety disorders, and mood disorders [46, 47]. Rates of these

particular psychiatric comorbidities are elevated among

clinically referred populations of both children and adults

with TS although the reported frequencies of co-occurring

OCD and ADHD appear to be markedly lower in TS cases

derived from population-based samples [8, 48, 49]. When

present, such co-morbid psychiatric conditions often cause

greater morbidity than tics and may take priority as the

primary target for treatment [50].
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1.5 Treatment Considerations in TS

Once the TS diagnosis and identification of co-morbid

conditions is made, therapeutic intervention begins with

comprehensive psycho-education (i.e. educating affected

individual, family, and in some cases school staff, peers, or

employers) about TS, its natural course and prognosis, and

about the impact of co-morbid psychiatric symptoms. A

systematic exploration of specific sources of stress and of

meaningful types of support for the affected individual is

necessary. In cases characterized by mild, non-disruptive

tics uncomplicated by psychiatric co-morbidity, psycho-

education alone may be adequate. However, if tics are of

mild to moderate severity and are adversely impacting

daily functioning and quality of life (QOL), a trial of

behavioral intervention is recommended for tic treatment.

Habit reversal therapy (HRT) and the more encom-

passing comprehensive behavioral intervention for tics

(CBIT) are safe, non-pharmacological treatments with

demonstrated efficacy in double-blind, randomized, con-

trolled trials [51–53]. CBIT includes psycho-education,

relaxation training, functional behavioral assessment, and

HRT, with an effect size that approximates or exceeds that

of conventional tic pharmacotherapy in double-blind, ran-

domized controlled trials with enduring effects in both

children and in adults [52, 53]. Different tic types or tic

symptom profiles ascertained by cluster analysis in chil-

dren and adults with TS appear to respond equally well to

CBIT and it is now recommended as a first-line treatment

for TS [54, 55]. However, to whom and how CBIT is

optimally delivered is still not clear. Also, the comparative

efficacy of CBIT versus medication (alone or in combi-

nation with CBIT) for treatment of tics requires investi-

gation through randomized controlled trials.

In cases of moderate to severe, highly impairing tics that

are refractory to CBIT, or in circumstances where the

affected individual is unable to engage in CBIT, medica-

tion management may be necessary. The decision to

embark on a medication trial is made only after a careful

assessment of the potential benefits and risks, and needs to

be coordinated with other necessary psychosocial inter-

ventions and environmental modifications. Medication

treatment may be appropriate when tics cause sustained

social or emotional problems; when tics result in pain,

injury or other subjective discomfort; or when tics impair

academic or occupational performance [56]. Moderate to

severe tics that occur in the presence of certain psychiatric

co-morbid conditions also known to be responsive to

medication is another indication for pharmacological

intervention.

Different tiers of evidence-based pharmacotherapy for

tics have been well described and recommended [49, 57–

60]. However, the quantity and quality of data supporting

pharmacotherapy for TS is limited. Even well designed

clinical trials in TS have been characterized by varying and

relatively small sample sizes, with inclusion of study

subjects with diverse TS clinical phenotypes whose ages

span different periods of neurodevelopment and prior

medication exposures. There are neither substantial data

about the longitudinal impact on tics of different treatments

for TS nor significant evidence to guide treatment selection

among medications of the same tier. As a result, medica-

tion management of tics still remains a somewhat frus-

trating process of trial and error until more patient-specific

algorithms become available. The highly subjective nature

of tic impairment, which does not always correspond with

objective ratings of tic severity, also underscores the fre-

quent need for individualized treatment strategies [60]. Due

to concerns about the potentially adverse consequences of

medications on the developing brain, most clinicians hold

off pharmacological treatment in children until tics are of

persistently significant severity and disruption, but there is

little evidence yet to guide intervention optimization in

terms of timing, length of treatment, and long-term out-

comes. There is an even greater dearth of information

concerning age-related, racial, ethnic, and gender influ-

ences on appropriate dosing and treatment selection.

The alpha-2-adrenergic agents clonidine and guanfacine

are preferred by some prescribers as first-line medication

interventions due to their relatively benign side effect

profile. Alpha-2-adrenergic agonists activate presynaptic

auto-receptors and reduce norepinephrine levels. These

agents have demonstrated efficacy in a number of double-

blind/placebo-controlled studies and are considered a pre-

ferred, evidence-based treatment for tics with ADHD [60–

62]. While alpha-2-adrenergic agonists have a medium-to-

large effect size (i.e. 0.5–0.68) for treatment of tics with co-

morbid ADHD, effects on tics without co-morbid ADHD

appear minimal (i.e. 0.15) and may be associated with

sedation, headache, orthostatic hypotension, irritability,

and dizziness [61–64]. Nonetheless, clonidine and guan-

facine are the only two medications for treatment of tics in

children that received ‘‘strong recommendations’’ by the

Canadian guidelines for evidence-based treatment of tic

disorders [57].

Yet, in cases where more conservative treatments have

not proved helpful, the benefits of using stronger tic sup-

pressants (i.e. ‘second-line’ tic medications) may outweigh

their considerably higher risks and side effects. The burden

of tics, particularly when complicated by psychiatric co-

morbidities, is significant for many individuals with TS,

and multiple studies have now demonstrated the negative

impact on QOL, including social rejection, bullying and

isolation, emotional problems, job discrimination, and

functional impairment [65, 66]. Therefore, the decision to

proceed to treatment with second-tier tic medications for
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TS may be appropriate following careful consideration of

current and enduring circumstances, social support, aca-

demic and/or occupational functioning, non-tic medical

risk factors, and potentially modifiable environmental

influences.

To provide the clinician with relevant background and

perspective, this paper briefly reviews the existing evidence

base for using typical antipsychotics to treat TS. Upon

considering the limitations of this evidence base, this paper

then reviews and examines the role of a particular class of

second-tier tic medications, the atypical antipsychotics, for

treatment of tics in TS.

2 Methods

The objective of this paper is to provide an updated over-

view of the evidence-based treatments using atypical an-

tipsychotics for TS. First, a systematic literature search

using the keyword-related terms ‘atypical antipsychotics’

and ‘Tourette’s syndrome’ for all studies that documented

the pharmacological effects of atypical antipsychotics for

treatment of TS was performed using the PubMed

(National Library of Medicine, Washing, DC, USA) data-

base for the period 1 January 2000–31 December 2013.

The rationale for this search strategy was to focus on more

contemporary clinical investigations of higher methodo-

logical rigor.

We identified 231 articles published in English. All titles

and abstracts were screened for relevance to the main topic.

The review focused on clinical studies with [20 experi-

mental subjects although, in several instances, smaller or

older studies, case reports, and further relevant literature

were also examined by searching through the references of

each article.

Randomized trials or non-randomized studies evaluating

second-generation antipsychotic medications for treatment

of TS were identified. Full texts were evaluated to identify

salient information and to ascertain standards of method-

ological rigor. A total of 154 articles were excluded from

the search; 77 articles were used in the current paper by

applying the research procedures above.

To establish the hierarchy of evidence-based treatments,

the following criteria, derived from the International Psy-

chopharmacology Algorithm Project and also used by the

2006 Tourette’s Syndrome Association Medical Advisory

Board: Practice Committee, to categorize strength of

empirical evidence were applied: (1) category A refers to

treatments with ‘good’ supportive evidence for short-term

safety and efficacy based on ‘at least two or more’ ran-

domized, placebo-controlled trials with statistically sig-

nificant positive results; (2) category B refers to treatments

with ‘fair’ supportive evidence based on ‘at least one’

randomized, placebo-controlled study with positive results;

(3) category C refers to treatments with only ‘minimal’

supportive evidence based on retrospective case series,

open-label studies, case reports, and accumulated clinical

experience [60, 67].

Four existing consensuses for pharmacological treat-

ment of TS were also reviewed: Contemporary Assessment

and Pharmacotherapy of Tourette Syndrome by the Tou-

rette Syndrome Association Medical Advisory Board:

Practice Committee [60]; the European Clinical Guidelines

for Tourette Syndrome and Other Tic Disorders [58]; the

Canadian Guidelines for the Evidence-Based Treatment of

Tic Disorders [57]; and the American Academy of Child

and Adolescent Psychiatry Practice Parameter for the

Assessment and Treatment of Children and Adolescents

with Tic Disorders [68].

3 Typical Antipsychotics

Historically, the hypothesis that abnormal dopamine neu-

rotransmission underlies TS has been most widely pursued,

using neurophysiological, post-mortem brain tissue, neu-

roimaging, and clinical investigations [42, 69]. Increased

numbers of striatal and cortical dopamine receptors in

affected individuals, and abnormalities of dopamine

receptor-binding properties in the basal ganglia, have been

reported [70–73]. Significant tic suppression has been

consistently demonstrated using pharmacological strategies

that emphasize high-potency D2 receptor antagonism using

typical antipsychotic medications [74].

The typical antipsychotics haloperidol and pimozide are

currently the only two US FDA-approved medications for

the treatment of TS. While there are no recent randomized,

double-blind, controlled studies of fluphenazine, this typi-

cal antipsychotic has also been used by the medical com-

munity (particularly among neurologists) for treating tics.

Acting primarily as D2 dopamine-receptor antagonists,

these agents may achieve up to 60–80 % reduction in tic

frequency and severity in most individuals with TS,

based on findings reported in a number of older ran-

domized controlled trials [75, 76]. However, the useful-

ness of typical antipsychotics for treatment of tics is

significantly limited by their common adverse effects,

including parkinsonism, acute dystonia, akathisia, tardive

dyskinesia, cognitive dulling, sedation, and neuroendo-

crine disturbances, including hyperprolactinemia, tem-

perature dysregulation, sexual dysfunction, and weight

gain [59]. Behavioral side effects, including increased

aggression, depression, anxiety, school phobia, and agi-

tation, are also relatively common and must be distin-

guished from underlying psychiatric co-morbid

conditions [77].
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3.1 Haloperidol

Haloperidol is a butyrophenone derivative with high

potency for D2-receptor blockade. It was the first typical

antipsychotic to demonstrate tic suppression in 1961 [78]

and ‘category A/good’ evidence for its use in TS is based

on efficacy demonstrated in early clinical trials. Haloperi-

dol was reported to be superior to both pimozide and pla-

cebo in a parallel cross-over study of 57 subjects aged

8–46 years; inferior to both pimozide and placebo in a

double-blind randomized cross-over study in 22 children

aged 7–16 years; superior to placebo and of comparable

efficacy to pimozide in a small placebo-controlled double-

blind randomized cross-over study of nine patients aged

8–28 years; and superior to placebo and of comparable

efficacy to pimozide but with poorer tolerability, higher

rates of discontinuation (47 % haloperidol vs. 8 % pimo-

zide), and greater side effects, including acute dystonias

and dyskinesias in a long-term follow-up (1–15 years)

study of 33 patients [75, 76, 79–81].

Due to considerable side effects and lack of contem-

porary evidence supporting its use, haloperidol is not cur-

rently viewed as a preferred treatment for tics and instead is

recommended only when better alternatives have been

unsuccessful.

When used, haloperidol is usually started at 0.5 mg/day

and carefully titrated upwards in 0.25- to 0.5-mg incre-

ments every 5–7 days until optimal tic control is achieved.

The typical dose range for treatment of tics with haloper-

idol is 2–10 mg daily.

3.2 Fluphenazine

Fluphenazine is among the oldest typical antipsychotics, a

phenothiazine derivative that acts on both D1 and D2

receptors. An older placebo-controlled, double-blind trial

reportedly showed fluphenazine and trifluoperazine to be as

effective as haloperidol but with fewer side effects for tic

suppression [82]. Open-label studies, including a recent

retrospective chart review of 268 patients with TS treated

with fluphenazine for 0–16.8 years over a 26-year period

that indicated marked to moderate improvement in 80.5 %,

suggest that it is better tolerated than haloperidol [83–86].

While current evidence supporting the use of fluphenazine

for treatment of tics is only ‘category B/fair’, it may be con-

sidered when treating moderate to severe tics that are refractory

to preferred treatments. Fluphenazine is started at 0.5–1.0 mg

daily and slowly increased by 0.5–1.0-mg increments every

5–7 days to approximately 0.5–12.0 mg daily.

3.3 Pimozide

Pimozide is a diphenylbutylpiperidine with potent post-

synaptic dopamine receptor blockade and also blocks cal-

cium channels. In addition to the aforementioned studies,

pimozide has been investigated and shown to improve tics

in two retrospective studies [87, 88]. Pimozide has been

shown to be effective in both short-term and long-term

suppression of tics in a prospective and blinded clinical

trial of ten children aged 7–13 years who continued to

receive or were withdrawn from active treatment [89]. In a

larger clinical trial of 50 subjects aged 10–65 years that

used a double-blind parallel-group design, pimozide and

the atypical antipsychotic risperidone were shown to be of

comparable efficacy [90]. A randomized, double-blind

cross-over study in 19 children aged 7–17 years comparing

risperidone with pimozide also showed tic reduction with

both agents [91].

The 2009 Cochrane review of the six randomized trials

evaluating pimozide for treatment of tics in 162 patients

aged 7–53 years concluded that there is significant evi-

dence to support the use of pimozide for treatment of tics

[92]. However, along with typical albeit possibly milder

antipsychotic side effects, pimozide is also associated with

an elevated risk for QTc prolongation, and with sudden

death at high doses [59].

The FDA recommends cytochrome P450 (CYP)2D6

genotyping before exceeding 4 mg of pimozide daily in

adults or 0.05 mg/kg/day in children and that dosages

should not be increased any faster than every 14 days in

poor/slow metabolizers [93]. A baseline electrocardiogram

(ECG) with periodic follow-up ECGs after dosage increa-

ses and during treatment is recommended.

Given such concerns, while pimozide has ‘category

A/good’ evidence to support its use and appears to be better

tolerated than haloperidol, like fluphenazine, it is usually

reserved for treatment of moderate–severe tics when safer

alternatives have been exhausted. When used, pimozide is

started at 0.5 mg/day and titrated every 7–14 days by

0.5 mg. The typical dose range is 1–8 mg daily.

3.4 Benzamides

Substituted benzamides (i.e. tiapride, sulpiride, amisul-

pride) are selective D2-receptor antagonists and are

believed to have fewer extrapyramidal side effects than the

typical antipsychotics. These agents are not currently

available in the USA but are still used widely in other

countries for treatment of TS [58, 94, 95].
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3.4.1 Tiapride

Tiapride is a moderately potent D2- and D3-receptor

antagonist with relatively high regional selectivity for

limbic areas [94–96]. An older randomized, double-blind,

placebo-controlled, cross-over study of tiapride in 17

children demonstrated efficacy, and current information is

otherwise based on widespread clinical experience over-

seas and from case reports [96–99]. The evidence sup-

porting tiapride for tics is ‘category B/fair’ (i.e. less robust

than for haloperidol or pimozide). Side effects resemble

those of other typical antipsychotics but are believed to be

milder, although no head-to-head comparison studies are

available.

Recommended doses are between 100 and 900 mg daily

starting with 50 mg daily and gradually titrating to tic

suppression using divided doses at higher ranges. Maxi-

mum doses should not exceed 2–10 mg/kg [56].

3.4.2 Sulpiride

Sulpiride is a highly selective D2 antagonist with addi-

tional antidepressant and anxiolytic effects at lower doses

[99, 100]. A single, small, randomized, double-blind, pla-

cebo-controlled, cross-over study comparing fluvoxamine

with sulpiride in children with comorbid TS and OCD

reported improvement but did not demonstrate statistically

significant effects on tics [98]. Reported improvement in

tics has been described in a large case series by Robertson

et al. [101, 102] and in a recent open-label study of 189

children aged 3–15 years [101, 102].

Sedation and drowsiness occur relatively commonly.

Other side effects include insomnia, agitation, increased

appetite, drowsiness, sedation, depression, and endocrine

disturbances.

The initial dosage of sulpiride is usually 50–100 mg/day

and increased to tic suppression, without exceeding

2–10 mg/kg delivered in divided doses [56].

3.4.3 Amisulpride

There is no significant evidence supporting the efficacy of

amisulpride in tic suppression, apart from case reports

[103, 104]. Side effects are similar to although possibly

milder than those of typical antipsychotics and, because

alternative evidence-based treatments are available, its role

if any in the treatment of tics remains to be determined.

4 Atypical Antipsychotics

The atypical antipsychotics, also called ‘second-generation

antipsychotics’ were developed in an attempt to circumvent

some of the significant side effects associated with the

typical antipsychotics, particularly the observed higher

rates of drug-induced parkinsonism, acute dystonias, aka-

thisia, and tardive dyskinesia that occur in certain popu-

lations treated with these medications. Despite having

distinct pharmacological profiles, atypical antipsychotics

are all characterized by a relatively greater affinity for

5-HT2 receptors than for D2 receptors. Ten atypical anti-

psychotics are currently approved by the FDA in the USA:

risperidone, olanzapine, ziprasidone, quetiapine, aripip-

razole, asenapine, iloperidone, lurasidone, paliperidone,

and clozapine. In addition to their primary indications for

treating schizophrenia, some have also received FDA

approval as augmentation therapy for major depression

(aripiprazole, quetiapine, olanzapine/fluoxetine combina-

tion), for bipolar depression (quetiapine, olanzapine/flu-

oxetine combination), for mania (olanzapine, quetiapine,

risperidone, aripiprazole, ziprasidone), and for irritability

associated with autistic spectrum disorder (risperidone,

aripiprazole) [105]. These diverse clinical effects that

characterize this class of medications have been explored

for their potential benefits in targeting both tics and psy-

chiatric co-morbidities in TS.

The expectation of greater efficacy with fewer side

effects has led the atypical antipsychotics to supplant the

typical antipsychotics for treatment of a range of indica-

tions that are not yet approved by pertinent regulatory

agencies, including other forms of psychoses, mood dis-

orders, and autistic spectrum disorders. Treatment of TS is

among the most common off-label uses of the atypical

antipsychotics [106].

An online questionnaire that solicited information about

the use of medications for treatment of TS by members of

the European Society for the Study of Tourette Syndrome

found that the atypical antipsychotic risperidone was

reported as the most commonly prescribed medication for

tics, replacing the typical antipsychotics haloperidol and

pimozide that were previously the most favored [107]. The

atypical antipsychotics are also frequently used off label

for treatment of OCD, ADHD, impulse control disorders,

and conduct disorders, conditions that are common psy-

chiatric co-morbidities in clinically referred TS [107–109].

Evidence from a review that examined the use of second-

generation antipsychotics for non-psychotic disorders in

children and adolescents suggests that while these agents

share similar efficacy for treatment of mania, extreme

mood variability, irritability, aggression, and disruptive

behaviors, their individual safety profiles differ signifi-

cantly, which is a point of particular relevance when

selecting among these medications for off-label treatment

of TS [106].

It is at least partly the perception of an enhanced safety

profile and of potentially broader clinical applications that
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has contributed to the sixfold increase between 1993 and

2002 of antipsychotic prescriptions in children and ado-

lescents in the USA, including more prolonged use and

more frequent prescription for non-psychotic disorders

[110]. Use of atypical antipsychotics in children aged

\18 years accounted for 15 % of all antipsychotic usage in

the USA in 2004–2005 as compared with only 7 % in

1996–1997 [111, 112]. Similar trends have also been

reported in several European countries.

While these agents appear to have reduced risks for

extrapyramidal side effects in comparison with the typical

antipsychotics, their proclivity for weight gain, sedation,

orthostatic hypotension, and adverse metabolic effects

associated with type II diabetes and cardiovascular disease

raises different but serious concerns [113–115]. Children

appear to be at even higher risk than adults for adverse

effects associated with atypical antipsychotics, including

increased extrapyramidal symptoms and metabolic and

endocrine abnormalities [114]. A large retrospective

cohort study of youth aged 6–24 years enrolled in the

Tennessee Medicaid program in the USA between 1996

and 2007 comparing 28,858 recent antipsychotic initiators

with 14,429 matched controls showed a threefold increase

risk for new-onset type 2 diabetes apparent within the first

year of follow-up and that remained elevated for up to

1 year following discontinuation of atypical antipsychotic

use [115]. These risks and others, combined with the

absence of strongly compelling data supporting the effi-

cacy of most atypical antipsychotics for treatment of tics

underscores their current second-tier designation [57, 59,

116].

Prior to initiating treatment with an atypical antipsy-

chotic, potential risk factors such as a family history of

diabetes or cardiovascular disorder, baseline obesity and

elevated body mass index (BMI) must be considered. The

atypical antipsychotics vary considerably in terms of their

risks for weight gain (clozapine, olanzapine[ risperidone,

quetiapine [ paliperidone [ aripiprazole, ziprasidone), for

hyperprolactinemia (risperidone/paliperidone[haloperidol

[ olanzapine [ ziprasidone [ quetiapine [ clozapine [
aripiprazole; risperidone [ paliperidone [ haloperidol [
olanzapine; no significant serum prolactin elevation with

aripiprazole, quetiapine, and clozapine), for parkinsonism

symptoms (risperidone/paliperidone [ olanzapine, aripip-

razole, ziprasidone), for orthostasis (clozapine [ olanza-

pine, quetiapine [ risperidone), or for sedation (clozapine

[ olanzapine, quetiapine) [117].

Periodic measurement of weight, BMI, waist circum-

ference, blood pressure, liver function tests, fasting serum

lipids and glucose (and serum prolactin when using certain

agents such as risperidone, paliperidone, haloperidol, and

olanzapine) should be regularly undertaken during treat-

ment with atypical antipsychotics. In cases with

persistently elevated serum prolactin that appear otherwise

asymptomatic, one must carefully evaluate potential risks

versus benefits, and seeking an endocrinology consultation

may be appropriate.

4.1 Risperidone

Risperidone is a 5-HT2 receptor antagonist at low doses

and functions as a D2 antagonist at high doses. It also has

moderate to high affinity for alpha-2 adrenergic, D3, D4,

and H1 histamine receptors. Risperidone is considered

weakly atypical due to its high incidence of hyperprolac-

tinemia and, at higher doses, its significant extrapyramidal

side effects. Among the atypical antipsychotics, only ris-

peridone has ‘category A/good’ evidence for tic suppres-

sion. The use of risperidone for treatment of TS was

described in a number of earlier case reports and in open-

label studies [118–123]. To date, five randomized, double-

blind clinical trials have demonstrated the efficacy of ris-

peridone for the treatment of tics [90, 91, 124–126].

However, because the overall strength of this evidence is

not high, and long-term side effects may be significant,

risperidone, like the typical antipsychotics haloperidol and

pimozide received only ‘weak recommendations’ in the

Canadian Guidelines for the Evidence-Based Treatment of

Tic Disorders [57].

The first multi-center double-blind trial of risperidone

for the treatment of TS used 50 study subjects with TS aged

10–65 years in a 12-week parallel-group study that com-

pared 26 patients treated with risperidone using a mean

daily dosage of 3.8 mg with 24 patients treated with pim-

ozide using a mean daily dose of 2.9 mg [90]. Using the

Tourette’s Symptom Severity Scale (TSSS), the Global

Assessment of Functioning (GAF), and the Clinical Global

Impressions (CGI) scale as outcome measures, it was found

that both active treatments led to significant improvement

in global severity ratings of tics, and both agents were well

tolerated. Depression, sedation, and fatigue were the most

commonly reported side effects in both groups, but fewer

subjects in the risperidone group reported extrapyramidal

side effects.

An 8-week double-blind, placebo-controlled trial using

48 adolescents and adults compared 24 subjects assigned to

risperidone at doses flexibly titrated ranging from 0.5 to

6 mg daily (average daily dose 2.5 mg) with 24 subjects

assigned to placebo [124]. Using the global severity score

for TSSS, 60.8 % experienced at least a one-point

improvement on the seven-point TSSS global scale while

on risperidone, compared with only 26.1 % while on pla-

cebo. Fatigue and somnolence were the most commonly

reported side effects, along with increased tremor and

hypokinesia on the ratings of extrapyramidal symptoms,

but no differences in reported acute dystonic reactions,
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other dyskinesia, parkinsonism, or akathisia were found

between risperidone and placebo.

A single-blind placebo lead-in followed by an 8-week

randomized double-blind parallel-treatment study com-

pared clonidine (mean dose 0.175 mg daily) with risperi-

done (mean dose 1.5 mg daily) in 21 youth with TS aged

7–17 years using both the Yale Global Tic Severity Score

(YGTSS) total tic and global severity scores as primary

outcome measures [125]. Results suggested comparable

efficacy with no statistically significant difference between

risperidone and clonidine; risperidone produced a reduc-

tion of 21 %, while clonidine produced a 26 % reduction in

total tic scores. Clinically significant side effects occurred

in 33 % of subjects taking risperidone and 58 % of subjects

taking clonidine. Sedation was the most common side

effect in both groups. Sedation was the most common side

effect in study subjects taking clonidine (5.42 %). Stiffness

was also a side effect reported among study subjects

receiving risperidone (2.2 %).

An 8-week randomized, double-blind, placebo-con-

trolled trial in 34 subjects aged 6–62 years, including 26

children and eight adults demonstrated superiority of ris-

peridone versus placebo for treatment of tics using the total

tic score from the YGTSS as a primary outcome measure

[127]. Subjects receiving risperidone (mean dose 2.5 mg

daily) showed a 32 % YGTSS total tic score reduction

compared with a 7 % reduction in the placebo group.

Separate analysis of the pediatric group alone showed an

effect size of 0.8 for risperidone. Mean weight gain over

the 8-week period was 2.8 kg. Generally, risperidone

appeared well tolerated, with a low frequency of extrapy-

ramidal side effects.

A randomized, double-blind, cross-over trial in 19

children aged 7–17 years assigned study subjects to treat-

ment with either pimozide (1–4 mg daily) or risperidone

(1–4 mg daily) for 4 weeks, followed by a 2-week washout

and then active alternate treatment for 4 weeks, and

revealed superiority of risperidone (mean dose 2.5 mg

daily) versus pimozide (mean dose 2.4 mg daily) assessed

by the YGTSS global tic severity scores. However, YGTSS

total tic scores were not significantly different between

treatment groups [91]. CGI and Tic Symptom Self-Report

(TSSR) scores showed a trend towards superiority of ris-

peridone but did not reach statistical significance. Six study

subjects failed to complete the trial, including two study

subjects from each active treatment who reported worsen-

ing of tics. Weight gain that occurred in both groups did

not differ statistically between pimozide and risperidone.

Due to its diverse effects on neurotransmission, ris-

peridone may be useful for treating co-morbid symptoms

such as aggression or obsessive–compulsive symptoms in

children with TS [127]. However, while such strategies

appear to be widely employed in the community, strong

evidence for treating psychiatric co-morbidities in TS with

risperidone is still inadequate and requires additional

investigations.

Risperidone behaves more like a typical antipsychotic at

higher doses, with side effects that may include sedation,

acute dystonic reactions, parkinsonism, akathisia, ortho-

static hypotension, hyperprolactinemia with gynecomastia,

and significant weight gain.

Doses are initiated at 0.25 mg daily and increased every

5–7 days as indicated to approximately 0.25–4.0 mg daily.

4.2 Aripiprazole

Aripiprazole has a unique mechanism of action among the

atypical antipsychotics; it acts as a partial D2-receptor

agonist, a partial 5-HT1A agonist, and a partial 5-HT2C

agonist. It is also a partial agonist at D3 and D4 receptors.

It acts as a D2 antagonist at higher doses and is a high-

affinity 5-HT2A receptor antagonist. It is has moderate

affinity for histamine and alpha-adrenergic receptors, with

negligible activity at cholinergic muscarinic receptors

[128, 129].

The use of aripiprazole for treatment of TS has been

described in a number of case reports, in case series, in a

number of open-label clinical studies, and in retrospective

studies [130–144]. During the literature review period,

there was a single published multicenter, randomized,

double-blind, placebo-controlled 10-week study of aripip-

razole in children and adolescents with TS that included 61

children aged 6–18 years. Children were randomized to

aripiprazole or placebo; aripiprazole was started at 2.0 mg

daily and increased by 5 mg increments every 2 weeks to a

maximum of 20 mg daily. Mean dose of aripiprazole was

11 mg daily (range 2–20). Using the change from baseline

in YGTSS total tic score as a primary outcome measure, a

statistically significant improvement in phonic tics was

demonstrated. The effect size was medium (0.62). Nausea,

headache, sedation, somnolence, and nasopharyngitis were

the most commonly reported side effects. Weight gain

(mean 1.6 kg), increased BMI, and increase in waist cir-

cumference (mean 1.7 cm) were also significant adverse

effects associated with aripiprazole treatment [145].

At this time, while there have been a number of

uncontrolled studies exploring aripiprazole for treatment of

tics in children and in adults, there is ‘category B/fair’

evidence to support the efficacy of aripiprazole for the

short-term treatment of tics in children only. However,

based on regional practices, this agent is highly popular

and often selected as a first choice among atypical anti-

psychotics for treatment of tics. Similar to risperidone,

there may be a rationale for using aripiprazole for treat-

ment of combined tics and psychiatric co-morbidities such

as ADHD, but the evidence base remains to be established
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[139, 145]. There is some evidence that aripiprazole may

be safer than pimozide in terms of lower frequency of QTc

prolongation, but such studies require further replication

[146].

When used for treatment of tics, aripiprazole may be

initiated at 1.0 mg and is usually increased in 2.5- to 5-mg

increments every 7–14 days. Typical dose ranges from 2 to

30 mg daily.

4.3 Ziprasidone

Ziprasidone, like other atypical antipsychotics, binds

5-HT2A receptors with high affinity and to a relatively less

extent also binds D2 receptors. Ziprasidone also binds

5-HT1A and 5-HT2C receptors, is an antagonist of

5-HT2C receptors, and has only moderate affinity for

adrenergic alpha and histaminergic H1 receptors, with

negligible effects at muscarinic M1 receptors [147]. Zipr-

asidone showed moderate tic suppression in a single flex-

ibly dosed, double-blind, randomized, placebo-controlled

parallel-group study of 28 children aged 7–17 years with

TS and chronic tic disorder in doses of 5–40 mg daily.

Mean change from baseline to last visit in total tic scores

was 34.8 versus 6.9 % in the placebo group [148]. Efficacy

was also reported in an open-label study of 24 youths aged

7–16 years with TS [149]. Treatment-emergent effects

include somnolence, sedation, and akathisia, but ziprasi-

done seems not to be associated with any appreciable

weight gain. There seems to be higher risk for QT-interval

prolongation with ziprasidone than with olanzapine, ris-

peridone, or haloperidol [59, 150, 151].

While there is only ‘category B/fair’ evidence to support

its use, it may be reasonable to consider ziprasidone for TS

patients with baseline obesity or who have other risk fac-

tors for metabolic syndrome/diabetes. Ziprasidone is star-

ted at 5–10 mg daily and gradually increased every week to

10–40 mg daily.

4.4 Olanzapine

Olanzapine is characterized by its high-affinity antagonism

at D1, D2, D3, D4, 5-HT2A and 5-HT2C, and muscarinic

and histamine H1 receptors. Olanzapine has been reported

to decrease tics in case reports and in a few open-label

studies in TS, including a 6-week open-label trial in 14

adults; an 8-week flexible-dosing open-label study of ten

adults (that included follow-up at 6 months of three study

subjects who continued to receive olanzapine); a 6-week,

flexible-dosing open-label trial in 12 children with tics; a

single-blind, 2-week placebo lead-in 8-week treatment

study in ten children; and a very small 52-week double-

blind cross-over study in four adults aged 19–40 years with

severe tics that compared olanzapine (5–10 mg) and low-

dose pimozide (2–4 mg) [152–161].

Although some of these small studies suggest that

olanzapine may also be beneficial for addressing co-morbid

aggression, there is only ‘category C/minimal’ current

evidence for using olanzapine to treat tics. While there are

some encouraging data from uncontrolled studies, clearly

more rigorous controlled trials using larger samples are

required. Olanzapine too may possibly target both tics and

some symptoms of psychiatric co-morbidities, but the

current data supporting such efficacy are very scant. Fur-

thermore, the significant weight gain and excessive seda-

tion that are commonly reported adverse effects with

olanzapine may limit widespread enthusiasm for treating

tics with this medication [157, 158, 161].

Olanzapine is started at 2.5–5.0 mg daily and increased

every 5–7 days up to a maximum of 30 mg daily.

4.5 Quetiapine

Quetiapine is a dibenzothiazepine with moderate to low

antagonist at 5-HT1A, 5-HT2, D1, D2, and histamine H1

and has low affinity for alpha-1 and alpha-2 adrenergic

receptors. Evidence that exists for its effectiveness in TS is

based on case reports, a retrospective study of 12 children

aged 8–18 years, an open-label study of 12 children aged

8–18 years, an open-label study of 12 children aged

8–16 years, and an open-label study of 12 adults aged

20–52 years [162–168]. Sedation and weight gain are the

most common side effects. While this agent merits further

study, current evidence to support the efficacy of quetia-

pine for treatment of tics is ‘category C/minimal’.

When used, quetiapine can be initiated at 12.5–25.0 mg

daily and increased as tolerated and indicated up to

300–400 mg daily.

4.6 Metoclopromide

Metoclopromide is a robust D2 receptor antagonist and

also a mixed 5-HT3 receptor antagonist/5-HT4 receptor

agonist that is ineffective for psychosis [169]. It is most

commonly used as an antiemetic for a number of medical

conditions and is also the most common cause of drug-

induced movement disorders, including tardive dyskinesia

[170]. Metoclopromide was evaluated in one randomized,

double-blind, placebo-controlled trial for treatment of TS

in 27 medication-free youths; they showed a 30 % reduc-

tion in total tic score compared with 13 % in the placebo

arm [171]. Its efficacy was also reported in a small open-

label study and case series, including nine children and one

adult who were also taking a variety of other tic suppres-

sants [172].
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While currently the very limited evidence for using

metoclopromide is ‘category B/fair’, it shares many of the

extrapyramidal side effects associated with the typical

antipsychotics and therefore has not been extensively used

for treatment of tics.

4.7 Clozapine

Clozapine is a dibenzodiazepine with 5-HT2A, 5-HT2C,

5-HT3, and D1 antagonism. Based exclusively on several

case reports, clozapine is not believed to be helpful and is

thought to actually worsen tics [173, 174]. Given the lack

of evidence to support clozapine for treatment of tics,

combined with concerns about its significant adverse side

effects, including agranulocytosis and metabolic syndrome,

clozapine is not currently recommended for treatment of

TS [176].

5 Newer Atypical Antipsychotics

Our search did not reveal any significant treatment evi-

dence for tics using the most recently FDA-approved four

atypical antipsychotics (i.e. iloperidone, asenapine, lurasi-

done, paliperidone). Therefore it remains to be determined

whether these newer agents offer any significant advanta-

ges over the aforementioned atypical antipsychotics. Apart

from paliperidone, which may be potentially beneficial to

patients who have responded to risperidone but could not

tolerate its extrapyramidal side effect, there is no obvious

benefit for using these latest agents for tic suppression and

there may be possible ill consequences [174].

5.1 Iloperidone

Iloperidone is a member of the piperidinyl-benzisoxazole

derivative class of antipsychotic medications. Similar to

most of the other second-generation antipsychotics, is a

mixed D2/5-HT2A antagonist, with relatively high alpha-2

antagonism and low anti-histaminergic (H1) effects, which

may account for its relatively mild sedation and low weight

gain. It appears to have less akathisia than ziprasidone but

requires slower titration, is associated with orthostatic

hypotension, dizziness, dry mouth and dyspepsia, as well

as QT prolongation comparable to that of ziprasidone, with

more weight gain [175–178].

5.2 Asenapine

Asenapine belongs to the dibenzo-oxepino pyrrole class of

atypical antipsychotic medications and strongly antago-

nizes D1, D2, D3, D4, 5-HT1A, 5-HT2A, 5-HT2C, alpha 1

and alpha 2 receptors, and H1 receptors. It has moderate

antagonism at H2 receptors. It has been found to be less

effective for schizophrenia than olanzapine. Side effects

include sedation, dizziness, somnolence, fatigue, dry

mouth, and weight gain [177].

5.3 Lurasidone

Lurasidone belongs to the benzisothiazol class of atypical

antipsychotic agents and acts as a D2, 5-HT2A, and 5-HT7

receptor antagonist and 5-HT1A partial agonist. It has

minimal affinity for alpha 1 receptors and no affinity for

muscarinic M1 and histamine H1 receptors. It is metabo-

lized by CYP3A4. QTc prolongation risk associated with

lurasidone is reportedly minimal. Akathisia, psychotic

disorders, dystonia, agitation, nausea, vomiting, dizziness,

and agitation are also side effects [177].

5.4 Paliperidone

Paliperidone is a member of the benzisoxazole derivative

class of atypical agents and is the major active metabolite

of risperidone. It is an antagonist at D2 receptors, alpha 1

and alpha 2 adrenergic receptors, and H1-histaminergic

receptors. It also has 5-HT2A agonism but no affinity for

muscarinic M1 or beta adrenergic receptors. It is believed

to have fewer adverse effects than its parent compound and

is available in an extended-release preparation. Headache,

akathisia, insomnia, somnolence, orthostatic hypotension,

and worsening of psychosis are common side effects [177,

179].

6 Conclusions

At this time, best practice guidelines from the USA, Can-

ada, and Europe recommend HRT and CBIT as first-line

treatments for impairing tics of moderate severity and in

cases where behavioral-responsive psychiatric co-morbid-

ities are present [68, 179–181]. Medication intervention is

used in cases of moderate to severe tics causing severe

impairment in QOL or in cases where medication-respon-

sive psychiatric co-morbidities are present. Among the

atypical antipsychotics currently available in the USA,

risperidone (A) is considered to have the most robust evi-

dence for tic treatment efficacy in TS and is usually con-

sidered as a first choice among this class, followed by

aripiprazole (B), ziprasidone (B), olanzapine (C), and

quetiapine (C) (Table 1). Among members of the European

community, risperidone and tiapride have received rec-

ommendations as first-line treatments for tics, with ari-

piprazole and pimozide viewed as agents of second choice

[56]. Although presently there is only category B evidence

supporting its efficacy for tic suppression, aripiprazole has
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become an increasingly popular treatment for TS and is

regarded by many as the antipsychotic with the most

advantageous efficacy/side effect ratio [182, 183].

However, the evidence base for using atypical antipsy-

chotics for treatment of TS is compromised by the small

sample sizes of existing randomized trials, highly variable

study subject populations that in some instances included

both children and adults of varying ages and of differing

co-morbidity status, variable histories and durations of

prior treatment exposures, and the use of different mea-

sures for assessing treatment outcomes. During the study

period 2000–2013 no significant studies investigated the

newer atypical antipsychotics asenapine, iloperidone, lur-

asidone, or paliperidone for treatment of TS, nor were there

any double-blind studies that compared different atypical

antipsychotics with each other for treatment of tics. While

there appears to be some evidence suggesting that the

atypical antipsychotics may be most useful for treating TS

complicated by co-morbid psychiatric conditions, this

clinical impression needs further validation. These current

limitations highlight the urgent need for further investiga-

tions using improved methodologies with larger sample

sizes in both children and in adults with TS.

With improved surveillance and enhanced understand-

ing of potential long-term adverse effects associated with

atypical antipsychotics, clinicians will be better equipped

to evaluate treatment costs and benefits on a case-by-case

basis. While a retrospective study that examined rates of

tardive dyskinesia in 521 patients with TS, treated with

both typical and atypical antipsychotics, suggests that tar-

dive dyskinesia is very uncommon in the TS population,

given the more widespread and longer-term use of these

medications in children, these findings need to be repli-

cated using well controlled, prospective studies [184]. It

appears likely that the more commonly occurring meta-

bolic side effects associated with the atypical antipsy-

chotics, particularly in children, pose a more serious risk

for morbidity. Such concerns underscore the importance of

establishing evidence-based efficacy that can justify

potentially more significant risks.

A recent meta-analysis of randomized, placebo-con-

trolled trials using both typical and atypical antipsychotics

showed a significant effect of active treatments when

compared with placebo, but no significant difference in the

efficacy of the four antipsychotic agents (i.e. risperidone,

pimozide, haloperidol, and ziprasidone) that were evalu-

ated [64]. Thus, it remains to be determined what role

atypical antipsychotics should play in the treatment of tics

and whether the atypical antipsychotics confer meaningful

therapeutic advantages over the older typical antipsychotic

medications for treatment of TS. Advances in pharmac-

ogenomics will increasingly help guide pharmacological

management by identifying metabolizer status and genetic

predictors for treatment response. Future collaborations

among clinical sites with expertise in TS that employ high-

quality study designs may provide better clarity of the role

of atypical antipsychotics for treatment of TS.

Acknowledgments Dr. Budman, MD, receives research support

from Astra Zeneca Pharmaceuticals Inc, Otsuka Pharmaceuticals Inc,

and Psyadon Pharmaceuticals Inc. She is also a speaker for the Center

for Disease Control (CDC)-National Tourette Syndrome Association

partnership.

No funding was provided or used to assist in the preparation of this

manuscript.

References

1. American Psychiatric Association. Diagnostic and statistical

manual of mental disorders. 5th ed. Arlington: American Psy-

chiatric Publishing; 2013. pp. 81–85.

2. Leckman J, Bloch M, King R, Scahill L. Phenomenology of tics

and natural history of tic disorders. Adv Neurol. 2006;99:1–16.

3. Conelea C, Woods D. The influence of contextual factors on tic

expression in Tourette’s syndrome: a review. J Psychosom Res.

2008;65:487–96.

4. Fahn S, Erenberg G. Differential diagnosis of tic phenomena: a

neurologic perspective. In: Cohen D, Bruun R, Leckman J,

editors. Tourette’s syndrome & tic disorders: clinical under-

standing and treatment. New York: Wiley; 1988.

5. Robertson M, Eapen V, Cavanna A. The international preva-

lence, epidemiology, and clinical phenomenology of Tourette

syndrome: a cross-cultural perspective. J Psychosom Res.

2009;7:475–83.
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dine, and tiapride in children with tic disorder. Homeost Health

Dis. 1996;37(5):216-216.

98. Klepel H, Gebelt H, Koch R, Tzenow H. Treatment of extra-

pyramidal hyperkineses in children with tiapride. Psychiatr

Neurol Med Psychol. 1988;40:516–22.

99. Pani L, Gessa G. The substituted benzamides and their clinical

potential on dysthymia and on the negative symptoms of

schizophrenia. Mol Psychiatry. 2002;7:247–53.

100. George M, Trimble M, Robertson M. Fluvoxamine and sulpiride in

comorbid obsessive–compulsive disorder and Gilles de la Tourette

syndrome. Hum Psychopharmacol Clin Exp. 1993;8:327–34.

101. Robertson M, Schniden V, Lees A. Management of Gilles e la

Tourette syndrome using sulpiride. Clin Neuropharmacol.

1990;13:229–35.

102. Ho C, Chen H, Chiu N, Shen E, Lue H. Short-term sulpiride

treatment of children and adolescents with Tourette syndrome

or chronic tic disorder. J Formos Med Assoc.

2009;108:788–93.

103. Fountoulakis K, Iacovides A, St. Kaprinis G. Successful treat-

ment of Tourette’s disorder with amisulpride. Ann Pharmac-

other. 2004;38:901.

104. Trillet M, Moreau T, Dalery J, de Villard R, Aimard G. Treat-

ment of Gilles de la Tourette’s disease with amisulpride. Presse

Med. 1990;19:175.

105. Off-label use of atypical antipsychotics: an update, comparative

effectiveness review No., 43 prepared by the Southern California

Evidence-based Practice Center for the Agency for Healthcare

Research and Qualify. 2011. http://www.effectivehealthcare.ahrq.

gov/offlabelantipsych.cfm.

106. Zuddas A, Zanni R, Usala T. Second generation antipsychotics

(SGAs) for non-psychotic disorders in children and adolescents:

a review of the randomized controlled studies. Eur Neuropsy-

chopharmacol. 2011;21:609–29.

107. Rickards H, Cavanna A, Worrall R. Treatment practices in

Tourette syndrome: The European perspective. Eur J Paedriatr

Neurol. 2012;16:361–4.

108. Crystal S, Olfson M, Huang C, Pincus H, Gerhard R. Broadened

use of atypical antipsychotics: safety, effectiveness, and policy

challenges. Health Aff (Millwood). 2009;28(5):w770–81.

109. Frank M, Piedad J, Rickards H, Cavanna A. The role of impulse

control disorders in Tourette syndrome: an exploratory study.

J Neurol Sci. 2011;310:276–8.

110. Olfson M, Blanco C, Liu L, Moreno C, Laje G. National trends

in the outpatient treatment of children and adolescents with

antipsychotics. Arch Gen Psychiatry. 2006;63:679–85.

111. Domino M, Swartz M. Who are the new users of antipsychotic

medications? Psychiatr Serv. 2008;59:507–10.

112. Zito J, Safer D, de Jong-van den Berg L, Janhsen K, Fgert J,

Gardner J, Glaeske G, Valluri S. A three-country comparison of

psychotropic medication prevalence in youth. Child Adolesc

Psychiatry Ment Health 2008;2:26.

113. Bobes J, Arango C, Aranda P, Carmena R, Garcia-Garcia M,

Rejas J, CLAMORS Study Collaborative Group. Cardiovascular

and metabolic risk in outpatients with schizophrenia treated with

antipsychotics: results of the CLAMORS Study. Schizophre

Res. 2007;2007(90):162–73.

114. Vitiello B, Correll C, van Zwieten-Boot B, Zuddas A, Parellada

M, Arango C. Antipsychotics in children and adolescents:

increasing use, evidence for efficacy and safety concerns. Eur

Neuropsychopharmacol. 2009;19:629–35.

115. Bobo W, Cooper W, Stein M, Olfson M, et al. Antipsychotics

and the risk of type 2 diabetes mellitus in children and youth.

JAMA Psychiatry. 2013;70:1067–75.

116. Qasaymeh M, Mink J. New treatments for tic disorders. Curr

Treat Options Neurol. 2006;8:465–73.

117. Correll C. Antipsychotic use in children and adolescents: min-

imizing adverse effects of maximize outcomes. J Am Acad

Child Adolesc Psychiatry. 2008;47:9–20.

118. Shulman L, Singer C. Weiner risperidone in Gilles de la Tou-

rette syndrome. Neurology. 1995;45:1419.

119. Stamenkovic M, Aschauer H, Kasper S. Risperidone for Tou-

rette’s syndrome. Lancet. 1994;34:1577–8.

120. Van der Linden C, Bruggeman R, van Woerkom T. Serotonin-

dopamine antagonist and Gilles de la Tourette’s syndrome: an

open pilot dose-titration study with risperidone. Mov Disord.

1994;9:687–8.

121. Bruun R, Budman C. Risperidone as a treatment for Tourette

syndrome. J Clin Psychiatry. 1996;57:29–31.

122. Kim B, Lee B, Hwang J, Shin M, Cho S. Effectiveness and

safety of risperidone for children and adolescents with chronic

Atypical Antipsychotics in Tourette’s Syndrome 1191

http://www.effectivehealthcare.ahrq.gov/offlabelantipsych.cfm
http://www.effectivehealthcare.ahrq.gov/offlabelantipsych.cfm


tic or Tourette’s disorder in Korea. J Child Adolesc Psycho-

pharmacol. 2005;15:318–24.

123. Lombroso P, Scahill L, King R, Lynch K, Chappell P, Peterson

B, McDougle D, Leckman J. Risperidone treatment of children

and adolescents with chronic tic disorders: a preliminary report.

J Am Acad Child Adolesc Psychiatry. 1995;34:1147–52.

124. Dion Y, Annable L, Sandor P, Couinard G. Risperidone in the

treatment of Tourette syndrome: a double-blind, placebo-con-

trolled trial. J Clin Psychopharmacol. 2002;22:31–9.

125. Gaffney G, Perry P, Lund B, Bever-Stille K, Arndt S, Kuperman

S. Risperidone versus clonidine in the treatment of children and

adolescents with Tourette’s disorder. J Am Acad Child Adolesc

Psychiatry. 2002;41:330–6.

126. Scahill L, Leckman L, Schultz R, et al. A placebo-controlled

trial of risperidone in Tourette syndrome. Neurology.

2003;60:1130–5.

127. Sandor P, Stephens R. Risperidone treatment of aggressive

behavior in children with Tourette syndrome. J Clin Psycho-

pharmacol. 2000;20:710–2.

128. Jordan S, Koprivica V, Chen R, Tottori K, Kikuchi T, Altar C.

The antipsychotic aripiprazole is a potent, partial agonist at the

human 5-HT1A receptor. Eur J Pharmacol. 2002;441:137–40.

129. Shapiro DA, Renock S, Arrington E, Chiodo LA, Liu LX, Sibley

DR, Roth BL, Mailman R. Aripiprazole, a novel atypical anti-

psychotic drug with a unique and robust pharmacology. Neu-

ropsychopharmacology. 2003;28:1400–11.

130. Ben Djebara M, Worbe Y, Schupbach M, Hartmann A. Ari-

piprazole: a treatment for severe coprolalia in ‘‘refractory’’

Gilles de la Tourette syndrome. Mov Disord. 2008;23:438–40.

131. Budman C, Coffey B, Shechter R, Schrock M, Wieland N,

Spirgel A, Simon E. Aripiprazole in children and adolescents

with Tourette disorder with and without explosive outbursts.

J Child Adolesc Psychopharmacol. 2008;18:509–15.

132. Cavanna A, Selvini C, Termine C, Luoni C, Eddy C, Rickards

H. Tolerability profile of aripiprazole in patients with Tourette

syndrome. J Psychopharmacol. 2012;26:891–5.

133. Cui Y, Zheng Y, Yang Y, Liu J, Li J. Effectiveness and toler-

ability of aripiprazole in children and adolescents with Tou-

rette’s disorder: a pilot study in China. J Child Adolesc

Psychopharmacol. 2010;20:291–8.

134. Davies L, Stern J, Agrawal N, Robertson M. A case series of

patients with Tourette’s syndrome in the United Kingdom titrated

with aripiprazole. Hum Psychopharmacol. 2006;21:447–53.

135. Kastrup A, Schotter W, Plewnia C, Bartels M. Treatment of tics

in Tourette syndrome with aripiprazole. J Clin Psychopharma-

col. 2005;25:94–6.

136. Kawohl W, Schneider F, Vernaleken I, Neuner I. Aripiprazole in

the pharmacotherapy of Gilles de la Tourette syndrome in adult

patients. World J Biol Psychiatry. 2009;10:827–31.

137. Lewis K, Rappa L, Sherwood-Jachimowicz D, Larose-Pierre M.

Aripiprazole for the treatment of adolescent Tourette’s syn-

drome: a case report. J Pharm Pract. 2010;23:239–44.

138. Lyon G, Sama S, Jummani R, Hirsch S, Spirgel A, Goldman R,

Coffey B. Aripiprazole in children and adolescents with Tou-

rette’s disorder: an open-label safety and tolerability study.

J Child Adolesc Psychopharmacol. 2009;19:623–33.

139. Masi G, Gagliano A, Siracusano R, Berloffa S, Calarese T,

Ilardo G, Pfanner C, Magazu A, Cedro C. Aripiprazole in

children with Tourette’s disorder and co-morbid attention defi-

cit/hyperactivity disorder: a 12-week, open-label, preliminary

study. J Child Adolesc Psychopharmacol. 2012;22:120–5.

140. Murphy T, Bengston M, Soto O, Edge P, Saji M, Shapira N,

Yang M. Case series on the use of aripiprazole for Tourette

syndrome. Int J Neuropsychopharmacol. 2005;8:489–90.

141. Neuner I, Nordt C, Schneider F, Kawohl W. Effectiveness of

aripiprazole in the treatment of adult Tourette patients up to

56 months. Hum Psychopharmacol. 2012;27:364–9.

142. Seo W, Sung H, Sea H, Bai D. Aripiprazole treatment of chil-

dren and adolescents with Tourette disorder or chronic tic dis-

order. J Child Adolesc Psychopharmacol. 2008;18:197–205.

143. Wenzel C, Kleimann A, Bokemeyer S, Muller-Vahl K. Aripip-

razole for the treatment of Tourette syndrome: a case series of

100 patients. J Clin Psychopharmacol. 2012;32:548–50.

144. Yoo H, Kim J, Kim C. A pilot study of aripiprazole in children

and adolescents with Tourette’s disorder. J Child Adolesc Psy-

chopharmacol. 2006;16:505–6.

145. Yoo HK, Joung YS, Lee J-S, Song DH, Lee YS, Kim J-W, et al.

A multicenter, randomized, double-blind, placebo-controlled

study of aripiprazole in children and adolescents with Tourette’s

disorder. J Clin Psychiatry. 2013;74:772–80.

146. Guilsano M, Cali P, Cavanna A, Eddy C, Rickards H, Rizzo R.

Cardiovascular safety of aripiprazole and pimozide in young

patients with Tourette syndrome. Neurol Sci. 2011;32:1213–7.

147. Seeger T, Seymour P, Schmidt A, Zorn S, Schulz D, Level L,

McLean S, Guanowsky V, Howard H, Lower J, et al. Ziprasi-

done (CP-88.059): a new antipsychotic with combined dopa-

mine and serotonin receptor antagonist activity. J Pharmacol

Exp Ther. 1995;275:101–13.

148. Sallee F, Kurlan R, Goetz C, Singer H, Scahill L, Law G,

Dittman VM, Chappell PB. Ziprasidone treatment of children

and adolescents with Tourette’s syndrome: a pilot study. J Am

Acad Child Adolesc Psychiatry. 2000;39:292–9.

149. Sallee F, Miceli J, Tensfeldt T, Robarge L, Wilner K, Patel N.

Single-dose pharmacokinetics and safety of ziprasidone in

children and adolescents. J Am Acad Child Adolesc Psychiatry.

2006;45:720–8.

150. Blair J, Taggart B, Martin A. Electrocardiographic safety profile

and monitoring guidelines in pediatric psychopharmacology.

J Neural Transm. 2004;111:791–815.

151. Scahill L, Blair J, Leckman JF, Martin A. Sudden death in a

patient with Tourette syndrome during a clinical trial of zipr-

asidone. J Psychopharmacol. 2005;19:205.

152. Bhadrinath B. Olanzapine in Tourette syndrome. Br J Psychia-

try. 1998;172:366.

153. Bengi Semerci Z. Olanzapine in Tourette’s disorder. J Am Acad

Child Adolesc Psychiatry. 2000;39:140.

154. Budman C, Gayer A, Lesser M, Shi Q, Bruun R. An open-label

study of the treatment efficacy of olanzapine for Tourette’s

disorder. J Clin Psychiatry. 2001;62:290–4.

155. Hwang W. Olanzapine treatment for tics in an adult woman with

severe Tourette syndrome. Act Neurol Taiwan. 2012;21:165–8.

156. Karam-Hage M, Ghaziuddin N. Olanzapine in Tourette’s dis-

order. J Am Acad Child Adolesc Psychiatry. 2000;39:139.

157. McCracken J, Suddath R, Chang S, Thakur S, Piacentini J.

Effectiveness and tolerability of open label olanzapine in chil-

dren and adolescents with Tourette syndrome. J Child Adolesc

Psychopharmacol. 2008;18:501–8.

158. Onofrj M, Paci C, D’Andreamatteo G, Toma L. Olanzapine in

severe Gilles de la Tourette syndrome: a 52 week double-blind

cross-over study vs. low-dose pimozide. J Neurol.

2000;247:443–6.

159. Stamenkovic M, Schindler S, Aschauer H, De Zwaan M, Wil-

linger U, Resinger E, Kasper S. Effective open-label treatment

of Tourette’s disorder with olanzapine. Int Clin Psychophar-

macol. 2000;1:23–8.

160. Stephens R, Bassel C, Sandor P. Olanzapine in the treatment of

aggression and tics in children with Tourette’s syndrome—a

pilot study. J Child Adolesc Psychopharmacol. 2004;14:255–66.

1192 C. L. Budman



161. Van den Eynde F, Naudts K, De Saedeleer S, van Heeringen C,

Audenart K. Olanzapine in Gilles de la Tourette syndrome:

beyond tics. Acta Neurol Belg. 2005;105:206–11.

162. Matur Z, Ucok A. Quetiapine treatment in a patient with Tou-

rette’s syndrome, obsessive compulsive disorder and drug-

induced mania. Isr J Psychiatry Relat Sci. 2003;40:150–2.

163. Parraga H, Parraga M, Woodward R, Fenning P. Quetiapine

treatment of children with Tourette’s syndrome: report of two

cases. J Child Adolesc Psychopharmacol. 2001;11:187–91.

164. Shaller J, Behar D. Quetiapine treatment of an adolescent and

child tic disorders. Eur Child Adolesc Psychiatry.

2002;11:196–7.

165. Copur M, Arpaci B, Demir T, Narin H. Clinical effectiveness of

quetiapine in children and adolescents with Tourette’s syn-

drome: a retrospective case-note survey. Clin Drug Investig.

2007;27:123–30.
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