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ABSTRACT

Introduction: Tourette syndrome (TS) is a chronic tic disorder characterized by both motor and vocal
tics. The vast majority of patients present with co-morbid behavioral problems, especially tic-related
obsessive-compulsive behaviors and attention-deficit and hyperactivity disorder. Evidence-based guide-
lines on the pharmacotherapy of TS have become available in recent years.

Areas covered: The main purpose of this paper is to provide an overview of the current and emerging
pharmacotherapeutic strategies for TS. A comprehensive search for the literature on the pharmacother-
apy of tics was conducted using multiple databases (MEDLINE, Scopus, Web of Science, and Google
Scholar), without date limits.

Expert opinion: In consideration of the heterogeneity of the TS phenotypes, pharmacotherapy should
be tailored to the individual patient. The choice of the pharmacological agent should take into account
both the efficacy-to-tolerability ratio and the presence of co-morbid conditions. Evidence-based phar-
macotherapy should aim at improving health-related quality life within a dynamic framework that
typically requires active monitoring of the clinical presentation and reevaluation of the treatment
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intervention over time.

1. Introduction

Tics are defined as sudden, repetitive, nonrhythmic move-
ments (motor tics) or sounds (vocal tics) [1]. Tic expression
has been described as the willful capitulation to an irresistible
sensory urge, commonly referred to as premonitory urge [2,3].
Tic disorders are currently classified as both neurodevelop-
mental conditions and hyperkinetic movement disorders.
Tourette syndrome (TS) is a chronic tic disorder characterized
by the presence of multiple motor tics plus at least one vocal
tic, with onset before 18 years of age [1]. The prevalence of TS
has been estimated to be around 0.5-0.8%, with males being
three to four times more likely to be affected than females [4-
6]. Patients most commonly present with simple motor tics
affecting their face and neck (e.g. eye blinking, mouth pulling,
facial grimacing, neck tensing) and simple vocal tics such as
sniffing, grunting, coughing, and throat clearing. Complex
motor tics are movements involving multiple muscular dis-
tricts, whereas complex vocal tics are entire words, including
repeated words (palilalia), other people’s words (echolalia),
and swear words (coprolalia) [7].

It has been estimated that about 90% of patients with TS
present with co-morbid behavioral problems, including obses-
sive-compulsive behaviors, attention-deficit, hyperactivity,
anxiety, and affective symptoms [8,9]. Tic-related obsessive-
compulsive behaviors, which are reported by up to 70% of
patients with TS, encompass repetitive counting (arithmoma-
nia), ordering, checking, forced touching, concerns for symme-
try and evening-up behaviors that are often driven by sensory

urges and ‘just right’ perceptions [10-13]. It is thought that the
shared clinical features between tics and tic-related obsessive-
compulsive behaviors reflect overlapping pathophysiological
mechanisms, with treatment implications [14].

Although the exact pathophysiology of TS is still unknown,
alterations within the cortico-striato-thalamo-cortical circuits
and disturbances in overall sensorimotor processing seem to
play important roles [15]. Multiple neurotransmission path-
ways are likely to be involved in addition to dopaminergic
networks [16]. The contribution of possible deficits in inhibi-
tory control is controversial [17]. In consideration of the nat-
ural history of tics, a proportion of young patients first
diagnosed with tics/TS might not require active interventions
and would instead benefit from psychoeducation and watch-
ful monitoring. For the remaining ones, available treatment
options encompass behavioral interventions - mainly habit
reversal training, as part of the comprehensive behavioral
intervention for tics (CBIT), and exposure and response pre-
vention - and pharmacotherapy [18-20]. Among non-
pharmacological treatment strategies, CBIT is the intervention
that has been investigated more thoroughly, with evidence
based on large randomized controlled trials. More invasive
procedures such as deep brain stimulation can be considered
for severe and refractory cases [21]. The pharmacotherapeutic
armamentarium for the treatment of TS encompasses first-
and second-generation antidopaminergic medications, alpha-
2 agonists, plus a range of pharmacological agents with less
established evidence [22]. This latter group includes
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Article highlights

e Multiple evidence-based guidelines on the pharmacotherapy of
Tourette syndrome have become available in recent years.

e The two main classes of pharmacological agents currently used for
the treatment of tics are antidopaminergic medications and alpha-2
agonists.

e The available evidence indicates that antidopaminergic agents are
characterized by higher efficacy, whereas alpha-2 agonists are asso-
ciated with better tolerability.

e In consideration of the heterogeneity of the Tourette syndrome
phenotypes, pharmacotherapy should be tailored to the individual
patient.

e In addition to the efficacy-to-tolerability ratio, the choice of the
pharmacological agent should take into account the presence of
common co-morbidities (e.g. newer antidopaminergic agents can
be useful as augmentation treatment for tic-related obsessive-
compulsive behaviors, whereas alpha-2 agonists can be effective
against co-morbid attention-deficit and hyperactivity disorder).

¢ A broad-spectrum antiepileptic medication (Topiramate) was recently
included in the evidence-based guidelines on the pharmacotherapy
of tics, whereas a number of emerging agents are currently under
investigation.

heterogenous compounds, ranging from presynaptic monoa-
mine depletors to anticonvulsants, cannabinoids, and tradi-
tional Chinese therapies [23].

Evidence-based guidelines on the pharmacotherapy of TS
have become available in recent years [24-29]. The most
recent guidelines have been published in 2019 by the
American Academy of Neurology (AAN) and in 2022 by the
European Society for the Study of Tourette Syndrome (ESSTS)
(Figure 1). The 2019 AAN guideline [28] presents a set of
practice recommendations, integrating findings from
a comprehensive systematic review of the available evidence
[30] and a multidisciplinary panel of international experts. The
2022 ESSTS guideline [29] provides clinicians with an update
of the 2011 recommendations for the pharmacotherapy of TS
in Europe [24] using evidence from clinical trials and clinical
expertise. While the AAN guidelines rate pharmacological
agents based on their evidence level, the ESSTS guidelines
present an updated ranking of recommended medications
based on a pan-European expert survey.

The present paper provides an overview of current and emer-
ging pharmacotherapeutic strategies for TS. A comprehensive
search for the literature on the pharmacotherapy of tics was
conducted using MEDLINE (via PubMed), Scopus, and Web of
Science databases. The gray literature was searched using

2012 Canada [25]

(SLR children + adults) (SLR + MA children)

2016 United Kingdom [27]

Google Scholar. The search terms used were Tourette syndrome’
OR ‘tic disorder’ OR ‘tics’ in conjunction with ‘pharmacotherapy’
OR ‘pharmacology’ OR ‘medication’ OR ‘drug’ OR ‘treatment.’
Published recommendations and expert opinions were also
reviewed. No date limits were used. In addition to the medica-
tions listed by the guidelines, pharmacological agents supported
by the best available evidence were selected for inclusion in the
present review. This work complements recently published
reviews [31-33] by integrating the best available evidence on
the most commonly used anti-tic medications with ratings from
the current guidelines and emerging pharmacological agents.

2. Antidopaminergic medications
2.1. First-generation antidopaminergic medications

Alterations in dopaminergic neurotransmission within cortico-
striato-thalamo-cortical circuitries are thought to play a pivotal
role in the pathophysiology of TS [15]. Specifically, it has been
suggested that tic expression might be linked to
a hyperdopaminergic state due to receptor sensitivity, tonic-
phasic dysfunction, and both pre- and post-synaptic dysfunc-
tion [34]. Antidopaminergic medications are still considered
the most effective pharmacotherapy for tics [30,35]. However,
these pharmacotherapeutic agents have different degrees of
dose-dependent adverse effects that often limit their use. The
most commonly reported adverse effects include sedation,
weight gain, hyperprolactinemia, extrapyramidal symptoms,
and QT prolongation. Specifically, first generation antidopami-
nergic medications are characterized by a higher propensity to
cause extrapyramidal and cardiac adverse effects compared
to second-generation agents, which are more likely to be
limited in their use by metabolic adverse effects [36-38].

Among the first-generation antidopaminergic medications,
haloperidol was the first agent that proved effective for the
treatment of tics back in the 1960s. As well as being a potent
dopamine antagonist of the dopamine D2 receptors, haloper-
idol blocks both muscarinic receptors and adrenergic recep-
tors. Its effectiveness in tic reduction is well established [39].
However, haloperidol is also notoriously associated with dose-
dependent adverse effects, particularly sedation, apathy, anhe-
donia, hyperprolactinemia, and extrapyramidal symptoms [22].
As a consequence, the use of haloperidol for the treatment of
TS has progressively decreased over the last few decades from
being a first-line agent to being used only in selected cases
who are characterized by severe tics that failed to respond to
other interventions [28,29].

2022 ESSTS [29]
(SLR children + adults)

A

2013 AACAP [26]
(SLR children)

2019 AAN [28]
(SLR + MA children + adults)

Figure 1. Timeline of the guidelines on pharmacotherapy for patients with Tourette syndrome (most recent versions, 2012-2022).

Abbreviations: AACAP, American Academy of Child and Adolescent Psychiatry; AAN, American Academy of Neurology; ESSTS, European Society for the Study of Tourette Syndrome; MA,

meta-analysis; SLR, systematic literature review.



Pimozide is both a dopamine D2 receptor antagonist and
a calcium channel blocker. Throughout the 1980s, pimozide
was increasingly being used as an alternative anti-tic agent to
haloperidol, as it was associated with fewer extrapyramidal
adverse effects. However, pimozide can cause cardiac
arrhythmias and prolongation of the QTc interval, in addition
to sedation, weight gain and hyperprolactinemia as com-
monly reported tolerability issues. This medication is cur-
rently regarded as possibly more likely than placebo to
reduce tic severity, and its use in the treatment of TS is
recommended only for severe and treatment resistant cases
[39,40]. Among first-generation antidopaminergic medica-
tions, comparatively less is known about the use of fluphena-
zine for the treatment of TS. Based on suggestions about
a better tolerability profile compared to haloperidol (espe-
cially with regard to sedation and extrapyramidal symptoms),
fluphenazine is listed in the AAN guidelines as an additional
first-generation antidopaminergic agent for which evidence is
promising but limited [28].

2.2. Second-generation antidopaminergic medications

During the 1990s, the availability of new medications with
better tolerability profiles resulted in decreased use of first-
generation antidopaminergic medications, which were
mainly replaced by second-generation antidopaminergic
medications. Risperidone is a D2 dopamine receptor blocker
as well as a 5-HT2 serotonin receptor antagonist at lower
doses. Its spectrum of action also includes D3 and D4 dopa-
minergic, alpha-2 adrenergic, and H1 histaminergic receptors
[41,42]. The effectiveness of risperidone in reducing tic sever-
ity has been thoroughly documented, together with its lower
propensity to cause extrapyramidal adverse effects [39].
Weight gain, dyslipidemia, hyperglycemia, and hyperprolac-
tinemia are well known metabolic adverse effects of risper-
idone [43]. Over the last decade, the availability of a better
tolerated antidopaminergic medication such as aripiprazole
has led to a change in prescribing preferences of the
European experts: risperidone was rated as first choice in
the 2011 survey, but lost its pole position to aripiprazole in
the 2022 update [24,29].

Among second-generation antidopaminergic agents, zipra-
sidone is characterized by low affinity for D2 dopaminergic
receptors, moderate affinity for M1 muscarinic and H1 hista-
minergic receptors, and high affinity for 5HT2A, 5HT1A, and
5HT2C serotonergic receptors [20,42]. According to the AAN
guidelines, there is initial evidence that ziprasidone is possibly
more likely than placebo to reduce tic severity [28], but this
agent is not included in the recommendations by the experts
in the wupdated ESSTS guidelines [29]. Other second-
generation antidopaminergic medications, such as quetiapine,
have shown promise in small open-label trials and case
reports; however, there is a lack of rigorous studies assessing
the place for these agents in the treatment of TS [44]. Of note,
among its multiple actions, quetiapine is characterized by
moderate affinity for D2 dopaminergic receptors, from which
it rapidly dissociates, thus decreasing the risk of adverse
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effects such as extrapyramidal symptoms and hyperprolacti-
nemia [42].

2.3. Other antidopaminergic medications

Substituted benzamides such as sulpiride and tiapride are
selective antagonists of dopamine D2-D3 receptors that can
be classed as second-generation antidopaminergic agents.
Available data about these medications have a geographical
distribution, as they are used mainly in Europe for the treat-
ment of TS. Substituted benzamides seem to be characterized
by fewer extrapyramidal adverse effects compared to other
antidopaminergic agents [42,45], although their tolerability is
often limited by dose-dependent sedation, weight gain,
hyperprolactinemia and other metabolic adverse effects.

Aripiprazole is sometimes referred to as a third-generation
antidopaminergic medication, as its overall effect of decreas-
ing baseline D2 stimulation is achieved through receptor par-
tial agonism, rather than antagonism. Specifically, aripiprazole
functions as a partial agonist at the D2, D3, and D4 dopami-
nergic receptors, as well as 5-HT1A and 5-HT2C serotonergic
receptors [22]. The effectiveness of aripiprazole in reducing
tics has been estimated to be at least comparable to other
dopamine-modulating agents, such as haloperidol and risper-
idone [32,39].

According to a systematic literature review and meta-
analysis of nine randomized controlled trials of augmentation
therapy with antidopaminergic agents in treatment-refractory
obsessive-compulsive disorder, patients with co-morbid tic-
related obsessive-compulsive disorder could be two-to-three
times more likely to respond to the dual pharmacotherapy,
compared to those without tics [46]. With regard to newer
antidopaminergic medications, a more recent meta-analysis of
randomized controlled trials found that only aripiprazole and
risperidone were superior to placebo in decreasing obsessive-
compulsive symptoms in the absence of tics [47]. In children
with TS and tic-related obsessive-compulsive disorder, there is
evidence to support the use of antidopaminergic augmenta-
tion from case series of children treated with aripiprazole or
risperidone [48]. The results of a prospective uncontrolled
open-label study in adults with TS showed that aripiprazole
can significantly improve co-morbid conditions (especially
obsessive-compulsive disorder), in addition to tics [49].
Therefore, in patients with refractory tic-related obsessive-
compulsive disorder, antidopaminergic augmentation can be
recommended, keeping in mind the limited evidence base
and the need for safety monitoring [50-52]. Moreover, it has
been suggested that aripiprazole may have positive effects on
co-existing conditions, such as anxiety, affective symptoms
and auto-aggression in adults with TS [53].

The tolerability profile of aripiprazole is superior to the
other antidopaminergic agents used for the treatment of TS
[54,55]. Its propensity to cause sedation and weight gain
seems to be less prominent, especially in adult patients [56].
Moreover, aripiprazole has the unique property of potentially
reducing serum prolactin concentration [57]. Based on its
favorable efficacy-to-tolerability ratio, aripiprazole is at present
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the most commonly used antidopaminergic medication for
the treatment of both tics and co-morbid behavioral symp-
toms in patients with TS [58,59]. Specifically, over the last
decade aripiprazole superseded risperidone as first choice
anti-tic agent according to the European experts [24,29]. The
available evidence on dosages (posology) of the antidopami-
nergic medications most commonly used for the treatment of
TS, as well as their recommendations in the current American
and European guidelines, are summarized in Table 1.

3. Alpha-2 agonist medications

The pharmacological activity of alpha-2 agonists is directed
against adrenergic neurotransmission, with clinically signifi-
cant effects at the level of the sympathetic nervous system,
which seems to be involved in the pathophysiology of TS
[22,60,61]. Both clonidine and guanfacine bind to alpha-2
adrenergic receptors at pre-synaptic level, resulting in
decreased release of noradrenaline. The systemic effects of
alpha-2 agonists are responsible for their known anti-
hypertensive effects. Alpha-2 agonists have long been used
for the treatment of both tics and behavioral symptoms, ran-
ging from attention-deficit and hyperactivity disorder to irrit-
ability. Specifically, clonidine and guanfacine have been
shown to be effective as non-stimulant pharmacotherapy for
attention-deficit and hyperactivity disorder, and are therefore
more commonly used in younger patients with TS and this
common co-morbidity [62]. There is also evidence that the
effect size of alpha-2 agonists on tic reduction is considerably
larger in patients who have both TS and co-morbid attention-
deficit and hyperactivity disorder, as compared to patients
with TS without attention-deficit and hyperactivity disor-
der [63].

Despite the evidence that the effectiveness of clonidine as
anti-tic agent is inferior to antidopaminergic medications such
as aripiprazole [32], its relatively safer adverse effect profile
makes it a widely prescribed medication, especially in young
patients with TS and co-morbid attention-deficit and hyperac-
tivity disorder [28]. The currently available evidence in favor of
the efficacy of guanfacine, which was licensed in Europe a few
years after North America, is less robust. Therefore, in the AAN
guidelines guanfacine is recommended with a lower confi-
dence in its evidence, compared to clonidine [28]. Despite
preliminary evidence that clonidine might be more effective
in suppressing tics than guanfacine, which, in turn, might be
less sedating, to date there has been no trial directly compar-
ing the two alpha-2 agonists [15].

The most commonly reported adverse effects in patients
taking alpha-2 agonists are dose-dependent and include seda-
tion, hypotension, and bradycardia (with similar tolerability
profiles in both clonidine and guanfacine) [62]. A few minor
adverse events, such as dry mouth, typically emerge within

Table 2. Alpha-2 agonist medications for the treatment of Tourette syndrome:
suggested posology and recommendations in the current guidelines.

Medication Dose and titration AAN 2019 ESSTS 2022

Clonidine  0.025 mg daily for 2 weeks, Moderate Listed as 2nd
then increased by certainty in out of 17
0.025 mg every 2 weeks; the effect preferred
maintenance 0.1-0.4 mg estimate medications

daily in 2-3 divided doses
(max 1.2 mg daily)

Guanfacine 1 mg daily for 2 weeks, then Low certainty  Listed as 5th

increased by 1 mg every in the effect out of 17
2 weeks; maintenance 1- estimate preferred
4 mg daily (max 7 mg medications

daily)

Abbreviations: AAN, American Academy of Neurology; ESSTS, European Society
for the Study of Tourette Syndrome.

Table 1. Antidopaminergic medications most commonly used for the treatment of Tourette syndrome: suggested posology and recommendations in the current

guidelines.

Medication Dose and titration

AAN 2019

ESSTS 2022

Aripiprazole 2.5-5 mg daily for 2 weeks, then
increased by 5 mg every 2 weeks;
maintenance 10-20 mg daily (max

30 mg daily)

Moderate certainty in the effect estimate

Listed as 1st out of 17 preferred medications

Tiapride 100 mg daily for 2 weeks, then
increased by 100 mg every
2 weeks; maintenance 200-600 mg
daily in 2-3 divided doses (max

1800 mg daily)

Moderate certainty in the effect estimate

Listed as 3rd out of 17 preferred medications

Haloperidol 0.5-1 mg daily for 2 weeks, then
increased by 0.5-1 mg every
2 weeks; maintenance 1.5-3 mg
daily in 1-3 divided doses (max

9 mg daily)

Moderate certainty in the effect estimate

Listed as 4th out of 17 preferred medications

Risperidone 0.5-1 mg daily for 2 weeks, then
increased by 0.5-1 mg every
2 weeks; maintenance 1-6 mg daily
in 1-2 divided doses (max 16 mg

daily)

Moderate certainty in the effect estimate

Listed as 6th out of 17 preferred medications

Pimozide 1 mg daily for 2 weeks, then increased
by 1 mg every 2 weeks;
maintenance 2-10 mg daily in 1-2

divided doses (max 20 mg daily)

Low certainty in the effect estimate

Listed as 10th out of 17 preferred medications

Abbreviations: AAN, American Academy of Neurology; ESSTS, European Society for the Study of Tourette Syndrome.



the first couple of weeks of dosing and then generally remit.
Slow titration is recommended, as abrupt withdrawal of higher
doses of alpha-2 agonists may cause rebound hypertension
[22]. The suggested posology of alpha-2 agonist medications
for the treatment of TS, as well as their recommendations in
the current American and European guidelines, are summar-
ized in Table 2.

4, Other pharmacotherapeutic agents

There are a few medications that do not belong to either the
antidopaminergic class or the alpha-2 agonist class, but have
proven useful for the treatment of TS. Among other pharma-
cological classes, the medications that are most commonly
prescribed off-label are topiramate and tetrabenazine [22].

Topiramate is a broad-spectrum antiepileptic medication
first marketed in the 1990s and characterized by multiple
mechanisms of action. These include - but are not limited
to - neuronal membrane stabilization and potentiation of
GABAergic neurotransmission [64]. The different patterns of
activity of topiramate correspond to its widespread use across
both neurological (e.g. migraine) and psychiatric (e.g. bipolar
affective disorder) conditions. Over the last decade there has
been increasingly more evidence that topiramate is a useful
medication for the treatment of TS, in terms of both efficacy
and tolerability [65]. The most commonly reported adverse
effects of topiramate seem to be dependent on both the
target dose and titration speed, and include sedation, cogni-
tive and language problems (especially word finding difficul-
ties), irritability, paresthesia, nausea, sweating, and decreased
appetite [64,66]. The observation that topiramate has been
associated with weight loss makes it an appealing medication
in polypharmacy, since most antidopaminergic agents used
for treatment of TS can cause weight gain and metabolic
adverse effects [22]. The use of topiramate for the treatment
of TS is currently on the rise, according to both the American
[28] and the European [29] guidelines. Over the last few years,
this medication has been prescribed, either as monotherapy or
as add-on to other anti-tic agents, to a significant proportion
of patients with TS in specialist clinics, where more complex
and refractory cases tend to be seen [67].

Tetrabenazine is a vesicular monoamine transporter-2
(VMAT-2) inhibitor that acts as a presynaptic monoamine
depletor [22]. Although this medication was known since the
1950s, in 2008 it became the first approved treatment for
chorea associated with Huntington’s disease in the United
States, as an orphan disease agent for the pharmacotherapy
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of chorea. In addition to Huntington’s disease, Tetrabenazine
is currently licensed also for use in patients with tardive dyski-
nesia [31,68]. Evidence for the efficacy of tetrabenazine in the
treatment of tics comes mainly from open label studies and in
the recent AAN guidelines it has been deemed to be insuffi-
cient to establish a degree of certainty in the effect estimate
[28]. Clinically significant adverse effects such as depression
and extrapyramidal symptoms are not rare, especially when
higher doses are required. The relatively narrow efficacy-to-
tolerability ratio of tetrabenazine in comparison to newer
antidopaminergic agents such as aripiprazole has gradually
decreased its use in patients with TS, at least as a first- or
even second-line option [69].

The suggested posology of topiramate and tetrabenazine
for the treatment of TS, as well as their recommendations in
the current American and European guidelines, are summar-
ized in Table 3.

5. Emerging pharmacotherapeutic strategies

Most patients with TS improve with non-pharmacological
interventions and/or established tic-suppressing medications,
however a proportion of patients either fail to respond or
develop problematic adverse effects. As new treatment mod-
alities are being developed, novel pharmacological options are
under investigation for the treatment of tics.

Lurasidone is a dopamine and serotonin receptor antago-
nist used for the treatment of schizophrenia and bipolar affec-
tive disorder. In a recently published small case series, this
medication was added on to either risperidone or aripiprazole
for the treatment of refractory TS with co-morbid obsessive
symptoms and aggressive behavior, with encouraging results
in terms of control of behavioral symptoms and tolerability
(both motor and metabolic adverse effects) [70]. Ecopipam is
a first-in-class medication characterized by selective D1 recep-
tor antagonism demonstrated significant tic reduction and
good tolerability in both an open-label study [71] and
a follow-up randomized, placebo-controlled crossover study
of young patients with TS [72]. A phase lIb trial of ecopipam in
young patients with TS (D1AMOND study) includes an
ongoing open-label extension following the randomization
period. The results of the randomized controlled trial compo-
nent of the DTAMOND study were recently made available:
these encouraging findings suggested a 30% reduction in tic
severity [73].

In consideration of the need for safe and effective pharma-
cotherapy for TS and the key role of VMAT2 in modulating the

Table 3. Other pharmacotherapeutic agents most commonly used for the treatment of Tourette syndrome: suggested posology and recommendations in the current

guidelines.
Medication Dose and titration AAN 2019 ESSTS 2022
Topiramate 25 mg nocte for 2 weeks, then increased by Low certainty in the effect estimate Listed as 11th out of 17 preferred medications

25-50 mg every 2 weeks; maintenance
100-200 mg daily in 2 divided doses (max
500 mg daily)

12.5-25 mg daily for 2 weeks, then increased
by 12.5-25 mg every 2 weeks;
maintenance 37.5-75 mg daily in 2-3
divided doses (max 200 mg daily)

Tetrabenazine

Listed as increasingly used off-label

Listed as 14th out of 17 preferred medications

Abbreviations: AAN, American Academy of Neurology; ESSTS, European Society for the Study of Tourette Syndrome.
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activity of biogenic amines (including dopamine), other
VMAT2 inhibitors in addition to tetrabenazine have been
investigated as potential anti-tic agents. Deutetrabenazine is
an isomer (deuterated form) of tetrabenazine with a longer
half-life and reduced risk of adverse effects [68]. Although
open-label studies demonstrated that deutetrabenazine is
a safe and effective pharmacotherapeutic option in patients
with TS [74], both the phase 2/3 ARTIST1 trial and the phase 3
ARTIST2 trial failed to show a significant benefit on tic reduc-
tion. Valbenazine is another VMAT2 inhibitor, specifically
a purified parent drug of the (+)-alpha-isomer of tetrabenazine
[68]. The safety and tolerability of valbenazine for the treat-
ment of tics were established in the T-Force study, but the
primary endpoint of statistically significant tic reduction was
not met in placebo-controlled trials in either adult or pediatric
patients (fixed/optimized doses), including open-label exten-
sion studies [75].

In addition to topiramate, other antiepileptic medications,
such as Levetiracetam and Valproate, have been used for the
treatment of TS [76]. Levetiracetam is an anticonvulsant med-
ication that acts as a neuromodulator by targeting synaptic
vesicle glycoprotein SV2A and reducing neurotransmitter
release [77]. Its anti-tic efficacy had mixed results in placebo-
controlled trials [78]: one small study showed improvement
[79], whereas two others failed to show statistically significant
results [80,81]. Like topiramate, valproate is an antiepileptic
medication with known GABAergic effects, which are also
believed to contribute toward its anti-manic properties.
A randomized controlled trial compared intravenous valproate
to aripiprazole, showing that both treatments led to signifi-
cant tic reduction, although the intravenous valproate group
responded to treatment faster [82]. Benzodiazepines such as
clonazepam are other GABAergic agents for which case
reports/series and open-label studies showed potential for tic
reduction, in the absence of randomized controlled trials
[15,42]. The long-term use of benzodiazepines is limited by
their potential to cause tolerance and addiction, as well as by
their dose-dependent sedating properties. Baclofen is
a centrally acting muscle relaxant that interacts with the
GABA-B receptor subtype. This medication was found to
improve impairment scores, but not tic severity, in one small
randomized controlled trial [83] and may be considered for
the treatment of severe muscular tension.

According to a Cochrane review conducted over a decade
ago, there was insufficient evidence to establish the efficacy of
cannabinoids for the treatment of TS [84]. However, scattered
reports of improvement in tic severity following use of canna-
binoids have prompted further systematic investigations of
their effectiveness [85]. A survey of patients with TS who
have self-medicated with cannabinoids revealed that patients
tend to favor cannabis (rich in psychoactive tetrahydrocanna-
binol) over dronabinol (a synthetic version of tetrahydrocan-
nabinol) or nabiximols (a mix of tetrahydrocannabinol and
non-psychoactive cannabidiol) [86]. A few trials have been
registered: these include an Australian study comparing
a tetrahydrocannabinol and cannabidiol compound in a 1:1
ratio versus an inert oil (ACTRN12618000545268) and
a Germany-based protocol aimed at testing nabiximol in

comparison to placebo (CANNA-TICS) [87]. Over the last few
years, there have been attempts to modulate the endogenous
endocannabinoid system with the aim of treating TS. Lu-
AGO06466 is a compound that prevents the breakdown of an
endogenous ligand of the endocannabinoid system by selec-
tively inhibiting the enzyme monoacylglycerol lipase [85].
Positive findings indicating significant improvement in tic
severity from an initial placebo-controlled crossover study
evaluating Lu-AG06466 in patients with TS [88] were not con-
firmed by a follow-up multicenter, double-blind, randomized,
placebo-controlled trial [89]. There are also ongoing trials
evaluating palmitoylethanolamide, an endogenous fatty acid
amide that mimics the properties of cannabinoids [85].
Interestingly, palmitoylethanolamide might reduce the
adverse effects associated with cannabinoids (mainly dry
mouth, nausea, headache, fatigue, anxiety and confusion),
making it an appealing compound to use in combination
with traditional cannabinoids [85]. A phase 2 open-label
study evaluating a combination of palmitoylethanolamide
and dronabinol reported an encouraging level of reduction
in tic severity [90], and a larger placebo-controlled trial has
been registered. At present, there is agreement that cannabi-
noids should still be regarded as an experimental treatment in
patients with TS, as indicated by the recent AAN [28] and
ESSTS [29] guidelines [91].

There are a few recent studies on emerging treatments for
TS that modulate histaminergic, noradrenergic, and serotoner-
gic pathways [33]. A trial investigating atomoxetine,
a noradrenaline reuptake inhibitor which might improve
response inhibition parameters in patients with TS, has been
registered. An H3-receptor antagonist called AZD5213 has
been assessed for safety and tolerability in patients with TS,
however it has not shown any significant difference compared
to placebo. Pimavanserin is a serotonin receptor inverse ago-
nist (without dopamine receptor antagonist properties) which
is approved for the treatment of Parkinson’s disease psychosis.
The results of a recent open-label phase 1 pilot study to
evaluate pimavanserin in the treatment of motor and beha-
vioral symptoms in adults with TS were encouraging and
warranted further research by larger, placebo-controlled, trials
[92]. Of note, the adverse effects of pimavanserin were
reported to be common but not severe (headache, bloating,
dizziness, drowsiness, nausea, and dysgeusia. A significant
degree of tic reduction was demonstrated when
D-cycloserine, an antibiotic with learning enhancing proper-
ties, was administered to patients with TS undergoing habit
reversal training (as compared to patients treated with habit
reversal training and placebo) [93]. A follow-up study of
D-cycloserine augmented habit reversal training for youth
with tic disorders has been registered.

Finally, complementary and alternative medicines have
been reported for the treatment of TS, although the evidence
is limited because of a lack of randomized control trials. These
include dietary or nutritional supplements (mainly minerals
and vitamins), as well as Chinese traditional medicine [23].
For example, vitamin D supplementation was found to be
associated with significant improvement in tic severity [94].
Taurine, a naturally occurring sulfur-containing amino acid



with GABA-receptor agonist properties, was found to signifi-
cantly improve tic severity when used as add-on to tiapride, as
compared to placebo [95]. An ongoing trial is currently inves-
tigating the possible tic-modulating properties of
Lactobacillus plantarum PS128, a probiotic that can affect
brain neurotransmitter levels. Beyond Western medicine,
there have been recent reports that traditional Chinese com-
pounds might have clinically significant tic-reducing proper-
ties [96,97]. Polyherbal products called Ningdong granules,
Choudongning capsules, 5-Ling granules, and Changma
Xifeng tablets have been tested for the treatment of TS with
promising preliminary results. The possible generalizability of
these early findings in other populations of patients with TS
still needs to be established. Moreover, the underlying
mechanism(s) for the tic-reduction properties of Chinese her-
bal supplements is unknown.

6. Conclusion

A wide range of pharmacotherapeutic strategies are currently
in use or under investigation for the treatment of TS. However,
only a few of them have received approval for use by phar-
maceutical regulatory bodies. Haloperidol was the first anti-
dopaminergic medication proven to be effective in the
treatment of TS and is still the only medication with formal
approval for TS in European countries [29]. In the United
States, the Food and Drug Administration granted approval
to two first-generation antidopaminergic medications (halo-
peridol in 1969 and pimozide in 1984), as well as the newer
antidopaminergic agent aripiprazole (in 2014). Specifically,
haloperidol is licensed for patients with TS above the age of
3 years, pimozide for patients above the age of 12 years, and
aripiprazole for patients between the ages of 6 and
18 years [44].

The pharmacotherapeutic options for TS have gradually
evolved over the last few decades, toward medications that
are characterized by a more favorable efficacy-to-tolerability
ratio, with increased chances of improving patients’ health-
related quality of life. In spite of the widespread use of phar-
macotherapy for the treatment of TS, there is a relative paucity
of large, randomized controlled trials assessing the safety and
efficacy profiles of individual medications. The most up-to-
date guidelines from North America [28] and Europe [29]
combine the best available evidence with expert recommen-
dations, and converge on the use of antidopaminergic and
alpha-2 agonist agents as anti-tic pharmacotherapy, followed
by other medications such as topiramate and tetrabenazine.
There is a trend for North American specialists favoring the use
of clonidine, especially in younger patients, whereas the first
choice of European experts has shifted from risperidone to
aripiprazole over the last decade.

Due to the adverse effects associated with existing pharma-
cotherapy, there is increasing interest in using complementary
and alternative medicine. Among emerging pharmacotherapeu-
tic options, research is particularly active in the field of cannabi-
noids. Crucially, the psychoactive properties of certain
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cannabinoids (especially tetrahydrocannabinol) need to be
accounted for when designing future placebo-controlled trials.

7. Expert opinion

The literature reporting international guidelines and expert
recommendations on the pharmacotherapy of patients with TS
has expanded considerable over the last decade. Treating clin-
icians are currently assisted by two comprehensive sets of up-to-
date evidence-based guidelines recently developed in North
America [28] and in Europe [29], respectively. While anti-
dopaminergic agents and, to a lesser extent, alpha-2 agonists
have been confirmed as the pharmacological classes with the
largest amount of high-quality evidence, other medications
have emerged as useful current or future alternative options.
The Tic Disorders and Tourette syndrome Study Group of the
Movement Disorder Society completed a survey of the complete
society membership about clinical practice in patients with tic
disorders [98]. Of the medication classes used to treat tics,
antidopaminergic agents were more commonly rated as ‘very
or extremely effective’ than alpha-2 agonists or topiramate. For
children, the preferred medication according to most clinicians
was clonidine followed by aripiprazole. In the Americas, these
were also the most commonly used medications for adults,
whereas in Europe the most commonly used medication was
aripiprazole, followed by risperidone. These results are in line
with the available evidence from current AAN and ESSTS guide-
lines. The possibility that prescribing preferences could be dri-
ven by pharmaceutic companies’ outreach and advertising
activities cannot be ruled out. However, the results of a recent
international survey of health care services available to patients
with TS showed that the treatment guidelines from North
America and Europe are likely to drive differences in regional
pharmacotherapeutic preferences [99].
A pharmacoepidemiologic study examining recommendations
for alpha-2 agonists and antidopaminergic medications in chil-
dren and adolescents with tic disorders in Canada from 2012 to
2016 also revealed trends that were in line with guideline
recommendations (decreasing use of risperidone and growing
use of clonidine and guanfacine, as well as aripiprazole) [100].

The application of evidence-based guidelines to everyday
clinical practice can be challenging for a number of reasons.
Firstly, evidence-based clinical guidelines are notoriously diffi-
cult to apply to conditions like TS, which are characterized by
high phenotypic variability and a complex spectrum of co-
morbidities. Secondly, statistically significant improvements
in tic severity reported in randomized controlled trials of
pharmacotherapy for TS may have a marginal impact on day-
to-day practice. Finally, the possible role of the placebo effect
should not be underestimated, as it has been shown that the
placebo effect can account for a significant proportion of
improvement in (30% of tic severity and 40% of overall impair-
ment) in about one fifth of patients [101-103]. The established
role of placebos as tic suppressors highlights the importance
of conducting placebo-controlled trials in order to determine
the real efficacy of pharmacological options.
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Standardization of care pathways and alignment with evi-
dence-based treatment guidelines should complement, but
cannot replace, skilled clinical observation and individualiza-
tion of therapeutic approaches [104]. The development of
management plans for patients with TS should take into
account a number of factors, including tic severity, overall
clinical presentation, patient and family priorities/expecta-
tions, and resource availability. In consideration of the hetero-
geneity of the TS phenotypes, it is particularly important that
pharmacotherapeutic interventions are tailored to the indivi-
dual patient. Both medication- and patient-specific factors
need to be considered. Specifically, the thought process that
leads to the choice of the pharmacological agent should take
into account both the efficacy-to-tolerability ratio and the
presence of co-morbid conditions. Moreover, evidence-based
pharmacotherapy should aim at improving patients’ health-
related quality life within a dynamic framework that typically
requires active monitoring of the clinical presentation and
reevaluation of the treatment intervention over time.

Beyond psychoeducation and non-pharmacological inter-
ventions, pharmacotherapy can be recommended when the
benefits for a patient are seen to outweigh the risks. In case of
moderate-to-severe tic severity, the use of an alpha-2 agonist
like clonidine could be supported by its favorable tolerability
profile, although the magnitude of its treatment effect falls
below that of the antidopaminergic agents. The presence of
co-morbid attention-deficit and hyperactivity disorder would
strengthen the case for choosing an alpha-2 agonist. In con-
sideration of their relatively narrow efficacy-to-tolerability
ratio, antidopaminergic medications could be administered
when the tics are severe and/or refractory to more conserva-
tive measures. Aripiprazole could be recommended as first-
choice antidopaminergic medication, as it has proven to be
effective and overall better tolerated than both first-
and second-generation antidopaminergic agents. If the TS
phenotype includes tic-related obsessive-compulsive beha-
viors that prompt further pharmacotherapy in addition to
behavioral treatment interventions and serotonergic medica-
tions, there is evidence that either aripiprazole or risperidone
can be useful as add-on agents. When further pharmacother-
apeutic options are required, topiramate would be
a promising candidate. Topiramate has also that advantage
that it can be used in polypharmacy without increased burden
in terms of tolerability (especially extrapyramidal symptoms,
weight gain, and metabolic effects).

On balance, there is good potential to continue improv-
ing the pharmacotherapeutic armamentarium currently
available for TS. Unfortunately, within the class of presynap-
tic monoamine depletors, it has not been possible to expand
the anti-tic options beyond tetrabenazine, as both deutetra-
benazine and valbenazine have failed to confirm their initi-
ally positive results. Future well-powered placebo-controlled
trials are needed to confirm promising findings about the
safety and anti-tic efficacy of lurasidone, ecopipam, canna-
binoids, and anticonvulsants, as well as selected comple-
mentary and alternative medications. Knowledge gaps
could be addressed by developing head-to-head compari-
sons of different agents from the same pharmacological
class or from different ones. Trials investigating the safety

and efficacy of pharmacological combinations are also
needed, as well as studies aimed at identifying the optimal
treatment durations and dosages of established anti-tic
medications. Finally, controlled studies in treatment resistant
cases would be helpful in order to rationalize the wide-
spread use of sequential pharmacotherapy. New avenues of
investigation to better understand the pathophysiology of
TS may in turn stimulate new approaches to developing
better pharmacotherapy options and ultimately improve
patients’ health-related quality of life.
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