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Abstract

Tourette syndrome (TS) is a neurologic and behavioral disorder consisting of
motor and phonic tics with onset in childhood or adolescence. The severity of
tics can range from barely perceptible to severely impairing due to social
embarrassment, discomfort, self-injury, and interference with daily functioning
and school or work performance. In addition to tics, most patients with TS have
a variety of behavioral comorbidities, including attention deficit hyperactivity
disorder and obsessive-compulsive disorder. Studies evaluating the
pathophysiology of tics have pointed towards dysfunction of the
cortico-striato-thalamo-cortical circuit, but the mechanism of this hyperkinetic
movement disorder is not well understood. Treatment of TS is multidisciplinary,
typically involving behavioral therapy, oral medications, and botulinum toxin
injections. Deep brain stimulation may be considered for “malignant” TS that is
refractory to conventional therapy. In this review, we will highlight recent
developments in the understanding and management strategies of TS.
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Introduction

Tourette syndrome (TS) is a neurobehavioral disorder characterized
by motor and phonic tics that begin in childhood or adolescence.
Adult-onset tics usually represent recurrences of childhood tics,
although there are some tic disorders, other than TS, that can ini-
tially manifest in adulthood'. A tic is an abrupt and brief move-
ment or sound that is often preceded by a local or generalized
urge or some other premonitory sensation. Thus, tic is an example
of a group of hyperkinetic movement and other motor disorders
that are increasingly recognized to be associated with a sensory
phenomenon’. Tics can be classified as clonic (jerk-like), dystonic
(sustained), tonic (isometric), and blocking (cessation of movement
and speech). In addition to its brief, intermittent, and repetitive
nature, other features of tics include suggestibility, suppressibility,
and distractibility, which may lead to a wrong diagnosis of a tic as a
“psychogenic” movement disorder’~. There is no diagnostic test for
TS, but the Diagnostic and Statistical Manual of Mental Disorders
Fifth Edition’s definition of TS requires the presence of multiple
motor and phonic tics with onset prior to age 18 and lasting at least
1 year®.

The epidemiologic findings in TS vary depending on the popula-
tion studied, methodology, and many other factors. Among 21
population-based prevalence studies, the pooled TS population
prevalence was estimated to be 0.52% (95% confidence interval
[CI]: 0.32-0.85)". In one study, based on cross-sectional structured
diagnostic interviews in 1374 TS patients and 1142 TS-unaffected
family members, the lifetime prevalence of comorbid disorders
was 85.7%; 57.7% of the population had two or more psychiatric
disorders®. Furthermore, 72.1% of the individuals met the crite-
ria for obsessive-compulsive disorder (OCD) or attention deficit/
hyperactivity disorder (ADHD), and of other disorders, including
mood, anxiety, and disruptive behavior, each was present in approx-
imately 30% of the patients. The age at greatest risk for the onset of
most comorbid psychiatric disorders was between 4 and 10 years of
age. The median age of onset of TS was 6 years of age.

In this review, we discuss the most recent developments in our
understanding of the underlying pathophysiology and pathogenesis
of TS as well as management and novel therapeutic strategies.

Pathophysiology

Various physiologic, imaging, and genetic techniques have been
used to provide insights into the pathophysiology of TS. TS has
been considered a developmental disorder, but evidence for this
hypothesis has been lacking™'"". Using 3-Tesla structural neuroim-
aging, one study examined cortical thickness in 52 TS patients and
matched controls and found reduced depth and thickness of the
gray matter in the pre- and post-central and superior, inferior, and
internal frontal sulci, which correlated with tic severity''. Abnormal
brain plasticity involving the motor cortex, basal ganglia, and brain-
stem has been suggested as a mechanism for altered motor control
processing in TS'>"%.

Functional imaging and animal studies have pointed to TS as a net-
work disorder with dysfunction in the cortico-striato-thalamo-cortical
circuit™'*'*, For example, one functional magnetic resonance imag-
ing (fMRI) study evaluated 36 adult TS patients and found that
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temporal progression of structures involved during the generation
of a tic followed a sequence of activation in the cortico-striato-
thalamo-cortical circuit'®. Thus, 1-2 seconds before a tic, the
supplementary motor area (SMA), ventral primary motor cortex,
primary sensorimotor cortex, and parietal operculum exhibited
activation, followed by the anterior cingulate, putamen, insula, amy-
gdala, cerebellum, and the extrastriatal-visual cortex. During the
onset of the tic, the thalamus, central operculum, and primary motor
and somatosensory cortices became activated. Multimodal imag-
ing techniques in 16 TS patients found that functional connectivity
between anterior insular and sensorimotor cortex was increased'’.
Diffusion tensor imaging techniques have shown reduced connec-
tivity of frontal brain networks involved in planning and controlling
actions in TS patients'®.

The cause of the disruption of the cortico-basal ganglia structures
is not fully understood. Abnormalities of the y-aminobutyric acid
(GABA) system have been proposed as contributing to the disin-
hibition seen in TS. The use of positron emission tomography and
["'C]flumazenil, a GABA receptor ligand, has identified abnormali-
ties in the GABAergic system in TS patients, including decreased
GABA-A receptor binding in the ventral striatum, globus pallidus,
thalamus, amygdala, and right insula and increased binding in the
bilateral substantia nigra, left periaqueductal grey, right posterior
cingulate cortex, and bilateral cerebellum'.

A major unmet need in TS research is clinical-pathological cor-
relation. One neuropathological study investigated the density of
interneurons and medium spiny neurons in the striatum of five
TS brains compared to normal controls®. In TS brains, there was
a 50-60% reduction in cholinergic and parvalbumin interneurons,
the latter representing inhibitory GABAergic interneurons in the
striatum.

Studies of the urge, or premonitory sensation, associated with
tics have identified neural networks associated with these sensory
phenomena’. Abnormalities in the sensorimotor cortex and somato-
sensory cortex have been found to be associated with the premoni-
tory sensation’. Imaging studies have suggested that areas outside of
the sensorimotor network, such as the insula, also contribute to this
urge. In one study using resting-state fMRI in 13 TS patients and
13 controls, the investigators found increased connectivity between
the right dorsal anterior insula and the frontal-striatal nodes of the
urge-tic network and the bilateral SMA which correlated with urge
severity, thus suggesting that the anterior insula is involved in inte-
roceptive awareness of sensations leading to the urge to tic’'.

Genetics

While TS is clearly a familiar disorder, often with bilineal inher-
itance (both parents affected)”, our understanding of the genetic
underpinnings of TS is still in its infancy”. A population-based
study in Sweden found overall heritability of tic disorders to be
0.77, increasing with the degree of genetic relatedness: odds ratio
(OR) of first-degree relatives (18.69) greater than that of second
degree relatives (OR 4.58), which was greater than that of third-
degree relatives (OR 3.07)*". Despite the strong heritability of TS,
a causative gene or genes have yet to be discovered”. Various study
designs have evaluated the genetics of TS including twin studies,
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linkage analyses, cytogenic abnormalities, copy number variation
studies, and genome-wide association studies (GWAS)*. Studies of
multigenerational pedigrees of TS families have found an associa-
tion between a functional mutation in the histamine decarboxylase
(HDC) gene and TS*?. The HDC gene encodes for L-histidine
decarboxylase, which is the rate-limiting step enzyme in histamine
production. The first GWAS in TS included 1285 cases and 4964
controls of European ancestry”. In the primary analysis, no mark-
ers achieved a genome-wide threshold of significance (p<5x10%);
the strongest signal was found in rs7868992 on chromosome 9q32
within COL27A1 (p=1.85x10°). In a subsequent study, 42 single
nucleotide polymorphisms (SNPs) (p<10-) from this GWAS were
genotyped in 609 additional cases and 610 controls®. One SNP,
1s2060546, was significantly associated with TS in this sample
(p=3.3x10", OR=2.41) and when analyzed with the original GWAS
data, this association was even greater (p=5.8x107, OR=1.77). This
SNP, rs2060546, is located on chromosome 12q22 close to NTN4,
a gene that codes for a protein in the developing striatum involved
in axon guidance and outgrowth. In an attempt to examine the
contribution of large, rare copy number variants to TS and OCD
susceptibility, a genome-wide, cross-disorder study in 2699 cases
(1086 TS, 1613 OCD) and 1789 controls found deletions in
16p13.11*. This suggests that mutations in this region may be asso-
ciated with increased susceptibility to TS, OCD, and possibly other
neurodevelopmental disorders. Based on a GWAS in 2723 cases
(1310 with OCD, 834 with TS, and 579 with OCD plus TS), 5667
ancestry-matched controls, and 290 OCD parent-child trios, no
individual SNPs achieved genome-wide significance’’. However,
polygenic score analyses identified a significant polygenic compo-
nent for OCD but not for TS. The study concluded that “OCD with
co-occurring TS may have different underlying genetic susceptibil-
ity compared with OCD alone”.

Pharmacologic therapy

Dopamine receptor blocking drugs (neuroleptics) and dopamine-
depleting drugs have been traditionally used in the treatment of
TS even though functional imaging studies or postmortem studies
regarding striatal dopaminergic hyperinnervation in TS have been
inconclusive™. Although the only two approved therapies for TS by
the U.S. Food and Drug Administration (FDA) are haloperidol and
pimozide, many other agents are currently used or are in develop-
ment for the treatment of TS***. While the benefit of haloperidol
and pimozide for the treatment of TS has been demonstrated in
multiple trials, their use is limited by their short- and long-term side
effects, including sedation, weight gain and other metabolic com-
plications, hyperprolactinemia, acute dystonic reactions, parkin-
sonism, tardive dyskinesia, and neuroleptic malignant syndrome™.
Other neuroleptics with potentially fewer side effects have been
studied in TS. Fluphenazine, a typical antipsychotic with D1- and
D2-receptor blocking activity, has also been shown to be effective
for TS in small studies. A recent retrospective review of the long-
term efficacy and safety of fluphenazine for the treatment of TS
was conducted at Baylor College of Medicine from 1985 to 2011.
This study included 268 TS patients treated with fluphenazine for
an average of 2.6 + 3.2 years (range 0.01-16.8, 40 patients over
5 years and 13 patients over 10 years). The mean age of initiation
was 15.8 £ 10.8 years (range 4.1-70.2) and the mean dose at last
follow-up was 3.2 + 2.3 mg (range 0.5-12 mg) per day. Response
to fluphenazine was rated as “moderate to marked” in 80.5% of
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patients at initial visit and 76% at last follow-up. The most com-
mon side effects were drowsiness (26.1%), weight gain (11.6%),
akathisia (8.5%), and acute dystonic reactions (7.0%); there were
no cases of tardive dyskinesia.

Atypical antipsychotics such as risperidone and aripiprazole have
been studied in open-label and randomized, placebo-controlled
studies for the treatment of TS*. A meta-analysis of antipsychotics
for the treatment of TS found no difference in efficacy among risp-
eridone, haloperidol, pimozide, and ziprasidone’’. Side effects such
as sedation, weight gain, and hyperprolactinemia have limited their
tolerability*. Aripiprazole, a third-generation antipsychotic with
D2-receptor antagonist and agonist properties, has been studied for
TS in case series and open label studies. The largest case series of
aripiprazole for the treatment of TS included 100 patients treated
between 2005 and 2010*. These patients (mean age of 27.1 = 11.5
years) were treated with a mean daily dose of 17.0 + 9.6 mg. At
first follow-up after 1-6 months, 82% had moderate or marked
reduction in tic severity and this was sustained in all but one patient
after 12-month follow-up. Five patients reported an improvement
in comorbid psychiatric disorders including anxiety, depression,
aggression, and ADHD, which may be partly due to aripiprazole’s
effect on the serotonergic system. Adverse effects were reported in
51% of subjects, with the most common being drowsiness, agita-
tion, sleep disturbance, and nausea. A randomized, double-blind,
placebo-controlled trial of aripiprazole included 61 children and
adolescents with TS™. After 10 weeks, there was significantly
greater improvement in the Yale Global Tic Severity Scale (YGTSS)
total tic score compared to baseline in the treatment arm compared
to placebo (-15.0 vs. 9.6, respectively, p=0.0196). Side effects of
aripiprazole included significant increase in mean body weight,
body mass index, and waist circumference. A systematic review of
aripiprazole for TS included six randomized controlled trials and
found a similar efficacy of aripiprazole and haloperidol for TS but
with significantly less risk of drug-induced movement disorders
with aripiprazole (1.5%) vs. haloperidol (43.5%)". The most com-
mon adverse effects attributed to aripiprazole were nausea/vomiting
(5.5%), drowsiness (3.9%), headache (3.5%), and dizziness (3.5%).
Although the drug has been promoted as having a low risk of tar-
dive dyskinesia, this iatrogenic complication has been reported with
all typical and atypical neuroleptics (with a possible exception of
clozapine), including aripiprazole*'.

In addition to neuroleptics approved by the FDA for the treat-
ment of psychiatric disorders, there are novel, experimental, anti-
dopaminergic drugs currently being investigated in the treatment of
TS. Ecopipam, a selective D1-receptor antagonist, was evaluated in
18 adult TS patients in an open-label study*. There was significant
improvement in the primary endpoint, a change in YGTSS total tic
score at 8 weeks (25.3) compared to baseline (30.6) (p=0.0004).
The most common adverse events were sedation (39%), fatigue
(33%), insomnia, (33%), somnolence (28%), anxiety (22%), head-
ache (22%), and muscle twitching (22%). This drug has the poten-
tial to improve tics, but it is not yet clear whether its side effects
will include those typically associated with D2-receptor block-
ade, including tardive dyskinesia. A multi-center, randomized,
placebo-controlled study of ecopipam in children with TS is cur-
rently underway in several North American centers (ClinicalTrials.
gov registration: NCT02102698).
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Tetrabenazine, a dopamine-depleting drug that acts by inhibiting
vesicular monoamine transporter 2 (VMAT?2), has been shown to be
effective in open-label trials for the treatment of TS***. A retrospective
study conducted at Baylor College of Medicine evaluated the response
to tetrabenazine in patients with various hyperkinetic movement
disorders including 92 with tics (mean age 24.1 years)*. Moderate
to marked improvement in tics was noted by 76.7% of patients.
The most common adverse effects reported, all dose-related, were
drowsiness (25.0%), parkinsonism (15.4%), depression (7.6%), and
akathisia (7.6%). An open-label prospective study of tetrabenazine
for TS included 120 patients™. Patients received a mean daily dose
of 70.5 mg for a mean duration of 19 months. There was improve-
ment in the Clinical Global Impression of Change scale in 76% of
patients at the final visit and side effects occurred in 2-5% of patients
(somnolence, depression, asthenia, parkinsonism, and akathisia).
In the United States, tetrabenazine (now available as a generic drug)
carries a black-box warning regarding the risk of depression and
suicidality. This potential side effect seems to be more common in
patients with a pre-existing history of depression®. In contrast to the
dopamine receptor blocking drugs, tetrabenazine does not appear
to cause tardive dyskinesia and may have fewer other side effects,
including weight gain®’. Other dopamine depletors currently being
investigated in the treatment of TS include SD-809 (deutetrabenazine),
a deuterated form of tetrabenazine, which is also being investigated
in tardive dyskinesia and Huntington disease (Clinicaltrials.gov reg-
istration: NCT01795859), and NBI-98854, purified parent drug of
the (+)-o-isomer of tetrabenazine (valbenazine), (Clinicaltrials.gov:
NCT02581865). In a pilot, open-label study, 23 adolescent patients
(mean age 16 years; range: 12—18) with moderate-to-severe tics asso-
ciated with TS were titrated over a 6-week period and maintained for
2 weeks at a mean dose of 32.1 mg (range: 18-36 mg) of SD-809*.
An independent blinded rater assessed tic severity using the YGTSS
and tic impact using the TS-Clinical Global Impression. The mean
YGTSS total tic score improved by 37.6% (p<0.0001) and there
were also significant improvements in secondary outcome measures.
No serious or severe adverse effects were reported, but one subject
withdrew from the study for an adverse effect of irritability that was
unrelated to the study drug. These VMAT inhibitors, SD-809 and
NBI-98854, have a more favorable pharmacokinetic and side effect
profile than tetrabenazine, as suggested by some preliminary studies
in Huntington disease and tardive dyskinesia, although further studies
are needed.

A variety of antiepileptic medications have been studied in TS*.
A meta-analysis of topiramate for TS identified 14 trials involv-
ing 1003 TS patients”. The included studies had either haloperidol
(12 studies) or tiapride (two studies) as the control. There were many
limitations to this analysis, including overall poor quality of the ran-
domized trials. A meta-analysis of three trials that used the YGTSS
to evaluate tic severity found a significant improvement in this scale
favoring topiramate compared to control treatment. In a meta-analysis
of nine studies evaluating improvement of tics by >50%, there
was no significant difference between the topiramate and control
groups. A multi-center, placebo-controlled study of topiramate in
TS involving 29 patients (mean age of 16.5 years) showed a sig-
nificantly greater improvement in the total tic score of the YGTSS
at day 70 compared to baseline in the topiramate group (mean dose
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118 mg) vs. placebo (-14.29 vs. 5.00, p=0.0259)"". There was also
significant improvement in the clinical global impression and pre-
monitory urge without a difference in adverse events between the
groups. Levetiracetam, another anticonvulsant, has been shown to
be helpful in the treatment of tics in open-label studies, but rand-
omized controlled studies failed to demonstrate its benefit™.

Alpha agonists such as guanfacine and clonidine have been found
to be useful in the treatment of mild tics and may have a particu-
lar benefit in patients with co-existing ADHD and impulse con-
trol disorder’’. A meta-analysis of published studies of alpha-2
agonists for the treatment of TS found a medium-to-large effect
on tics in subjects who had co-existing ADHD, but only a small
non-significant benefit on tics in studies that excluded co-existing
ADHD?. Potential side effects of these medications include
sedation, light-headedness, headaches, and irritability.

Botulinum toxin may be helpful in the treatment of focal motor
tics and in some simple and complex phonic tics (including
coprolalia)’’. Open-label studies and cases series have demon-
strated the benefits of botulinum toxin not only in ameliorating
the intensity of the tics but also in reducing the frequency and the
regional premonitory urge’”. A randomized, double-blind, placebo-
controlled study of botulinum toxin for motor tics demonstrated a
significant improvement in urge and tic frequency with botulinum
toxin™. This small study showed no significant differences in other
measures, such as severity score, tic suppression, pain, and patient
global impression, possibly because of its small sample size, rela-
tively mild symptoms, and a single treatment protocol which does
not reflect the clinical practice of evaluating patients after several
adjustments in doses and sites of injections. A report of 30 TS
patients treated with botulinum toxin for phonic tics reported an
improvement in 93% of patients with 50% being free of phonic tics™.
Premonitory sensation and quality of life also improved. The most
common side effect was hypophonia in 80% of patients. Botulinum
toxin can be helpful in targeting a few particularly bothersome tics
that are refractory to oral medications, such as repetitive cervi-
cal extension (so called “whiplash tics”) seen in some cases with
malignant TS that can be associated with subsequent complications
such as compressive cervical myelopathy™.

There is a growing public interest in cannabinoids for the treatment
of movement disorders including TS™. Anecdotally, patients often
report an improvement in tics and some behavioral symptoms with
cannabis’™*. In two small controlled trials, an improvement in tics
was demonstrated with delta-9-tetrahydrocannabinol (THC) with-
out major side effects”’. According to a Cochrane review on the
efficacy of cannabinoids in TS, definitive conclusions about the
safety and efficacy of cannabinoids in the treatment of TS cannot
be drawn”. Further studies with a larger number of patients and of
longer duration are needed to determine the efficacy and safety of
cannabinoids for the treatment of TS

New therapies for TS are being studied in clinical trials including
AZD5213, a histamine H3 receptor antagonist. Given the possible
association between mutations in the HDC gene and TS, this drug
may be promising for TS.
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Behavioral therapy

Behavioral therapy is another treatment option for TS and its effi-
cacy has been demonstrated in a number of randomized controlled
trials. One study compared behavioral therapy to supportive therapy
and education (control group) in children aged 9-17 years with TS
or chronic tic disorder”. This study included 126 children who
were randomized to eight treatments of behavioral therapy over 10
weeks or control group. Three monthly booster sessions were con-
ducted for those who responded. The behavioral therapy consisted
of comprehensive behavioral intervention for tics (CBIT), which
is based on habit reversal therapy and includes other components
such as relaxation techniques. A blinded examiner evaluated the
subjects. After 10 weeks of treatment, the behavioral intervention
resulted in a significantly greater reduction in the YGTSS (24.7 to
17.1) from baseline to endpoint compared with the control treat-
ment (24.6 to 21.1, p<0.001) with a difference between groups
of 4.1. On the Clinical Global Impression—-Improvement Scale,
the behavioral intervention group was more likely to be rated as
“very much improved” or “much improved” compared to the con-
trol group (52.5% vs. 18.5%, p<0.001). Only 12/126 subjects did
not complete the study. These outcomes were independent of tic
severity. Of the initial responders who were evaluated at 6 months,
87% had a persistent response to behavioral therapy. A second ran-
domized controlled trial evaluated the benefit of CBIT, this time in
adult patients with TS or chronic tic disorder”'. In this study, 122
subjects were randomized to eight sessions of CBIT or eight ses-
sions of supportive therapy over 10 weeks. At 3 months, there was
significantly greater mean reduction compared to baseline in the
YGTSS in the CBIT group (24.0 to 17.8) compared with the control
group (21.8 to 19.3) (p<0.001). In the treatment group, 38.1% was
rated as “much improved” or “very much improved” on the Clinical
Global Impression—Improvement scale vs. 6.4% in the control
group. The dropout rate was 13.9%, and for those available for
assessment, there was persistent benefit at 6 months. A 2014 meta-
analysis of the randomized controlled trials of behavioral therapy
in TS identified eight trials with a total of 438 participants®. There
was a medium-to-large effect size for behavioral therapy compared
to comparison conditions, and the number needed to treat was three.
Increasing age, a greater number of treatment sessions, and less
co-occurring ADHD was associated with a greater effect size. While
this therapeutic intervention may be helpful for certain patients, as
with all treatment options for TS, there are some limitations to this
form of therapy, including the amount of effort and compliance by
the patient (and parents) needed for this therapy to provide sus-
tained benefit, limited access to providers trained in the technique,
and lack of insurance coverage for the treatment®.

Surgical therapy

Deep brain stimulation (DBS) can be effective for patients with
medication and behaviorally refractory TS with disabling tics. In
one retrospective study, which included 13 patients with refractory
TS treated with globus pallidus internus (GPi) DBS at follow-up
of a mean 41.9 months (range 13—-80 months), there was a 52.1%
improvement in YGTSS compared to baseline®. Furthermore,
there was mean improvement of 45.7% in the Gilles de la Tourette
Syndrome-Quality of Life Scale score. In another study involving
48 patients with refractory TS treated with mostly thalamic DBS,
in which 37 subjects completed the study, 78% had a reduction of
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greater than 50% on the YGTSS®. A double-blind, crossover trial
enrolled 15 patients with refractory TS to evaluate GPi DBS. Sub-
jects were randomized to stimulation on or off for the first 3 months
and then switched to alternative treatment. The patients and evalu-
ating clinicians were blinded to the treatment group. There was a
mean improvement of 12.4 points (p=0.048) on the YGTSS total
score in the on-stimulation period compared to off-stimulation
period. During the open-label phase, there was a greater improve-
ment in YGTSS total scores, possibly reflecting the influence
of patient expectations on outcomes. There were three serious
adverse events, two hardware infections, and one DBS-induced
hypomania.

The two most common targets studied for DBS in TS are the thala-
mus (centromedian parafascicular complex, centromedian nucleus-
substantia periventricularis-nucleus ventro-oralis internus) and
the postero-ventrolateral and antero-medial regions of the GPi.
However, multiple other targets have been tried including the ante-
rior limb of the internal capsule, nucleus accumbens, subthalamic
nucleus, and the globus pallidus externus. Potential side effects
of DBS in general include intracerebral hemorrhage, ischemia,
and infection. There have been reports of higher rates of infection
(18%) in DBS for TS thought to be due to compulsive touching of
the surgical scar in TS patients®. Psychiatric symptoms are also
possible, including worsening depression, hypomania, psychosis,
anxiety, and agitation”’. A small study involving five TS patients
demonstrated the feasibility and improvement of “scheduled” DBS
at regular intervals for tic severity”. This was a proof-of-concept
study of scheduled DBS therapy as opposed to the classic continu-
ous stimulation. Future techniques of neuromodulation may focus
on closed-loop stimulation that adjusts stimulation parameters
based on neural feedback and thus providing more effective and
efficient therapy”. A panel of experts reviewed 48 studies of DBS
for TS published since 1999 and proposed consensus guidelines’'.
The recommendations of the panel were as follows: 1. DBS
should be considered in TS patients with disabling tics with a
YGTSS >35/50; 2. patients should have tried medications from at
least three pharmacologic categories — alpha-adrenergic agonists,
dopamine antagonists, and one additional category; and 3. behav-
ioral therapy, such as CBIT, should be offered to patients prior to
surgery. Patients should be evaluated by a multidisciplinary team,
and comorbid conditions should be treated and stable.

The ideal DBS target in TS is still unknown’. The findings of ran-
domized controlled studies of DBS in TS are difficult to assess
because of the fluctuating nature of tics, the lack of standardized
programming strategies, and the relatively long duration needed for
tic control®-".

The optimal treatment strategy for TS patients must take into con-
sideration the severity of tics and their effect on daily functioning
and quality of life (Table 1 and Table 2)*7*. Behavioral therapy may
be limited by access to trained providers. Various pharmacologic
treatments including oral medications and botulinum toxin should
be selected based on tic severity and comorbid conditions, keep-
ing side effect profiles of these medications in mind. Finally, DBS
should be reserved for those with severe tics that are refractory to
conventional therapy.
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Table 1. Treatment options for Tourette Syndrome.

Alpha agonists
Clonidine
Guanfacine

Antiepileptics
Topiramate

Dopamine Depletors
Tetrabenazine

Antipsychotics
Fluphenazine
Aripiprazole
Risperidone
Pimozide
Haloperidol

Botulinum Toxin

Behavioral Therapy
Comprehensive Behavioral Intervention for Tics (CBIT)

Deep Brain Stimulation
Thalamus
Globus Pallidus Interna

Table 2. Emerging Therapies for Tourette Syndrome.

Ecopipam
D1 receptor antagonist

SD-809
Deutetrabenazine (VMAT2 inhibitor)

NBI-98854
Valbenazine (VMAT2 inhibitor)

AZD5213
Histamine H3 receptor antagonist

Cannabinoids

New DBS targets
Nucleus accumbens, subthalamic nucleus, and the
globus pallidus externus

VMAT2 = vesicular monoamine transporter 2
DBS = deep brain stimulation

Conclusions

TS is a complex disorder with motor manifestations (motor and
phonic tics) and a variety of behavioral co-morbidities (ADHD,
OCD, impulse control disorders, and others). While there have been
advances in our understanding of the neural networks involved in

F1000Research 2016, 5(F1000 Faculty Rev):152 Last updated: 16 FEB 2016

TS, particularly as a result of new imaging techniques, the mecha-
nisms of the disturbed pathways are still not well understood. Fur-
thermore, despite a strong heritability for the disorder, a causative
gene or genes have yet to be identified. Various treatment options
are available for TS and need to take into consideration tic sever-
ity, effect on quality of life, and comorbid disorders. Further study
of DBS for medically refractory malignant TS is needed in order
to determine the most effective target and optimal programming
strategies. New medical and surgical treatments are currently being
studied in order to provide better quality of life in patients with TS.

Abbreviations

ADHD = attention deficit/hyperactivity disorder
CI = confidence interval

CBIT = comprehensive behavioral intervention for tics
DBS = deep brain stimulation

FDA = Food and Drug Administration

fMRI = functional magnetic resonance imaging
GABA = y-aminobutyric acid

GPi = globus pallidus internus

GWAS = genome-wide association study

HDC = histamine decarboxylase

OCD = obsessive-compulsive disorder

OR = odds ratio

TS = Tourette syndrome

SMA = supplementary motor area

SNPs = single nucleotide polymorphisms
VMAT?2 = vesicular monoamine transporter 2

YGTSS = Yale Global Tic Severity Scale

Competing interests

Dr. Thenganatt has no relevant disclosures. Dr. Jankovic has served
as a consultant or as an advisory committee member for Allergan,
Inc; Auspex Pharmaceuticals, Inc; Teva Pharmaceutical Industries
Ltd.

Grant information

Dr. Jankovic has received research grants from Allergan, Inc;
Auspex Pharmaceuticals, Inc; Lundbeck Inc; Medtronic; Merz
Pharma; Psyadon Pharmaceuticals, Inc; St. Jude Medical; Teva
Pharmaceutical Industries Ltd.

I confirm that the funders had no role in study design, data collection
and analysis, decision to publish, or preparation of the manuscript.

Page 7 of 10



References

F1000Research 2016, 5(F1000 Faculty Rev):152 Last updated: 16 FEB 2016

F1000 recommended

20.

21.

22.

Jankovic J, Gelineau-Kattner R, Davidson A: Tourette’s syndrome in adults.
Mov Disord. 2010; 25(13): 2171-2175.
PubMed Abstract | Publisher Full Text

Patel N, Jankovic J, Hallett M: Sensory aspects of movement disorders. Lancet
Neurol. 2014; 13(1): 100-112.
PubMed Abstract | Publisher Full Text

Baizabal-Carvallo JF, Jankovic J: Speech and voice disorders in patients with
psychogenic movement disorders. J Neurol. 2015; 262(11): 2420-2424.
PubMed Abstract | Publisher Full Text

Thenganatt MA, Jankovic J: Psychogenic movement disorders. Neurol Clin.
2015; 33(1): 205-224.

PubMed Abstract | Publisher Full Text

Baizabal-Carvallo JF, Jankovic J: The clinical features of psychogenic
movement disorders resembling tics. J Neurol Neurosurg Psychiatry. 2014;
85(5): 573-575.

PubMed Abstract | Publisher Full Text

Association AP: Diagnostic and Statistical Manual of Mental Disorders, 5th
Edition. Arlington, VA: American Psychiatric Publishing; 2013.

Publisher Full Text

E Scharf JM, Miller LL, Gauvin CA, et al.: Population prevalence of Tourette
syndrome: a systematic review and meta-analysis. Mov Disord. 2015; 30(2):
221-228.

PubMed Abstract | Publisher Full Text | F1000 Recommendation

E Hirschtritt ME, Lee PC, Pauls DL, et al.: Lifetime prevalence, age of risk, and
genetic relationships of comorbid psychiatric disorders in Tourette syndrome.
JAMA psychiatry. 2015; 72(4): 325—-333.

PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation
Worbe Y, Lehericy S, Hartmann A: Neuroimaging of tic genesis: Present status
and future perspectives. Mov Disord. 2015; 30(9): 1179-1183.

PubMed Abstract | Publisher Full Text

Black KJ, Jankovic J, Hershey T, et al.: Progress in research on Tourette
syndrome. J Obsessive Compuls Relat Disord. 2014; 3(4): 359-362.
PubMed Abstract | Publisher Full Text | Free Full Text

Muellner J, Delmaire C, Valabrégue R, et al.: Altered structure of cortical
sulci in gilles de la Tourette syndrome: Further support for abnormal brain
development. Mov Disord. 2015; 30(5): 655—661.

PubMed Abstract | Publisher Full Text

Martin-Rodriguez JF, Ruiz-Rodriguez MA, Palomar FJ, et al.: Aberrant cortical
associative plasticity associated with severe adult Tourette syndrome.
Mov Disord. 2015; 30(3): 431-435.

PubMed Abstract | Publisher Full Text

Suppa A, Marsili L, Di Stasio F, et al.: Cortical and brainstem plasticity in
Tourette syndrome and obsessive-compulsive disorder. Mov Disord. 2014;
29(12): 1523-1531.

PubMed Abstract | Publisher Full Text

Worbe Y, Marrakchi-Kacem L, Lecomte S, et al.: Altered structural
connectivity of cortico-striato-pallido-thalamic networks in Gilles de la
Tourette syndrome. Brain. 2015; 138(Pt 2): 472—482.

PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation

Yael D, Vinner E, Bar-Gad |: Pathophysiology of tic disorders. Mov Disord. 2015;
30(9): 1171-1178.
PubMed Abstract | Publisher Full Text

Neuner |, Werner CJ, Arrubla J, et al.: Imaging the where and when of tic
generation and resting state networks in adult Tourette patients. Front Hum
Neurosci. 2014; 8: 362.

PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation

Tinaz S, Belluscio BA, Malone P, et al.: Role of the sensorimotor cortex in
Tourette syndrome using multimodal imaging. Hum Brain Mapp. 2014; 35(12):
5834-5846.

PubMed Abstract | Publisher Full Text | F1000 Recommendation

Cheng B, Braass H, Ganos C, et al.: Altered intrahemispheric structural
connectivity in Gilles de la Tourette syndrome. Neuroimage Clin. 2014; 4:
174-181.

PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation

Lerner A, Bagic A, Simmons JM, et al.: Widespread abnormality of the
y-aminobutyric acid-ergic system in Tourette syndrome. Brain. 2012; 135(Pt 6):
1926-1936.

PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation

Kataoka Y, Kalanithi PS, Grantz H, et al.: Decreased number of parvalbumin
and cholinergic interneurons in the striatum of individuals with Tourette
syndrome. J Comp Neurol. 2010; 518(3): 277-291.

PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation

Tinaz S, Malone P, Hallett M, et al.: Role of the right dorsal anterior insula in
the urge to tic in Tourette syndrome. Mov Disord. 2015; 30(9): 1190-1197.
PubMed Abstract | Publisher Full Text | F1000 Recommendation

Hanna PA, Janjua FN, Contant CF, et al.: Bilineal transmission in Tourette

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

syndrome. Neurology. 1999; 53(4): 813-818.
PubMed Abstract | Publisher Full Text

Pauls DL, Fernandez TV, Mathews CA, et al.: The Inheritance of Tourette
Disorder: A review. J Obsessive Compuls Relat Disord. 2014; 3(4): 380-385.
PubMed Abstract | Publisher Full Text | Free Full Text

Mataix-Cols D, Isomura K, Pérez-Vigil A, et al.: Familial Risks of Tourette
Syndrome and Chronic Tic Disorders. A Population-Based Cohort Study. JAMA
psychiatry. 2015; 72(8): 787-793.

PubMed Abstract | Publisher Full Text | F1000 Recommendation

Deng H, Gao K, Jankovic J: The genetics of Tourette syndrome. Nat Rev Neurol.
2012; 8(4): 203-213.

PubMed Abstract | Publisher Full Text

Ercan-Sencicek AG, Stillman AA, Ghosh AK, et al.: L-histidine decarboxylase and
Tourette’s syndrome. N Engl J Med. 2010; 362(20): 1901-1908.

PubMed Abstract | Publisher Full Text | Free Full Text

Karagiannidis |, Dehning S, Sandor P, et al.: Support of the histaminergic
hypothesis in Tourette syndrome: association of the histamine decarboxylase
gene in a large sample of families. J Med Genet. 2013; 50(11): 760-764.
PubMed Abstract | Publisher Full Text

Scharf JM, Yu D, Mathews CA, et al.: Genome-wide association study of
Tourette’s syndrome. Mol Psychiatry. 2013; 18(6): 721-728.
PubMed Abstract | Publisher Full Text | Free Full Text

Paschou P, Yu D, Gerber G, et al.: Genetic association signal near NTN4 in
Tourette syndrome. Ann Neurol. 2014; 76(2): 310-315.
PubMed Abstract | Publisher Full Text | Free Full Text

McGrath LM, Yu D, Marshall C, et al.: Copy number variation in obsessive-
compulsive disorder and Tourette syndrome: a cross-disorder study.

J Am Acad Child Adolesc Psychiatry. 2014; 53(8): 910-919.

PubMed Abstract | Publisher Full Text | Free Full Text

Yu D, Mathews CA, Scharf JM, et al.: Cross-disorder genome-wide analyses
suggest a complex genetic relationship between Tourette’s syndrome and
OCD. Am J Psychiatry. 2015; 172(1): 82-93.

PubMed Abstract | Publisher Full Text | Free Full Text

Albin RL, Koeppe RA, Wernette K, et al.: Striatal [''C]dihydrotetrabenazine and
[""Clmethylphenidate binding in Tourette syndrome. Neurology. 2009; 72(16):
1390-1396.

PubMed Abstract | Publisher Full Text | Free Full Text

Termine C, Selvini C, Rossi G, et al.: Emerging treatment strategies in Tourette
syndrome: what'’s in the pipeline? Int Rev Neurobiol. 2013; 112: 445-480.
PubMed Abstract | Publisher Full Text

Jankovic J: Therapeutic developments for tics and myoclonus. Mov Disord.
2015; 30(11): 1566—1573.

PubMed Abstract | Publisher Full Text

Mogwitz S, Buse J, Ehrlich S, et al.: Clinical pharmacology of
dopamine-modulating agents in Tourette’s syndrome. Int Rev Neurobiol.
2013; 112: 281-349.

PubMed Abstract | Publisher Full Text

Wijemanne S, Wu LJ, Jankovic J: Long-term efficacy and safety of fluphenazine
in patients with Tourette syndrome. Mov Disord. 2014; 29(1): 126—130.
PubMed Abstract | Publisher Full Text

E Weisman H, Qureshi IA, Leckman JF, et al.: Systematic review:
pharmacological treatment of tic disorders--efficacy of antipsychotic and
alpha-2 adrenergic agonist agents. Neurosci Biobehav Rev. 2013; 37(6):
1162-1171.

PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation
Wenzel C, Kleimann A, Bokemeyer S, et al.: Aripiprazole for the treatment of
Tourette syndrome: a case series of 100 patients. J Clin Psychopharmacol.
2012; 32(4): 548-550.

PubMed Abstract | Publisher Full Text

Yoo HK, Joung YS, Lee JS, 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(8): e772-80.

PubMed Abstract | Publisher Full Text

Zheng W, Li XB, Xiang YQ, et al.: Aripiprazole for Tourette’s syndrome: a
systematic review and meta-analysis. Hum Psychopharmacol. 2016; 31(1): 11-8.
PubMed Abstract | Publisher Full Text

Pena MS, Yaltho TC, Jankovic J: Tardive dyskinesia and other movement
disorders secondary to aripiprazole. Mov Disord. 2011; 26(1): 147-152.

PubMed Abstract | Publisher Full Text

Gilbert DL, Budman CL, Singer HS, et al.: A D1 receptor antagonist,
ecopipam, for treatment of tics in Tourette syndrome. Clin Neuropharmacol.
2014; 37(1): 26-30.

PubMed Abstract | Publisher Full Text | F1000 Recommendation

Kenney C, Hunter C, Jankovic J: Long-term tolerability of tetrabenazine in
the treatment of hyperkinetic movement disorders. Mov Disord. 2007; 22(2):
193-197.

PubMed Abstract | Publisher Full Text

Page 8 of 10


http://www.ncbi.nlm.nih.gov/pubmed/20690167
http://dx.doi.org/10.1002/mds.23199
http://www.ncbi.nlm.nih.gov/pubmed/24331796
http://dx.doi.org/10.1016/S1474-4422(13)70213-8
http://www.ncbi.nlm.nih.gov/pubmed/26194199
http://dx.doi.org/10.1007/s00415-015-7856-7
http://www.ncbi.nlm.nih.gov/pubmed/25432730
http://dx.doi.org/10.1016/j.ncl.2014.09.013
http://www.ncbi.nlm.nih.gov/pubmed/24259592
http://dx.doi.org/10.1136/jnnp-2013-305594
http://dx.doi.org/10.1176/appi.books.9780890425596
http://f1000.com/prime/725270351
http://www.ncbi.nlm.nih.gov/pubmed/25487709
http://dx.doi.org/10.1002/mds.26089
http://f1000.com/prime/725270351
http://f1000.com/prime/725359278
http://www.ncbi.nlm.nih.gov/pubmed/25671412
http://dx.doi.org/10.1001/jamapsychiatry.2014.2650
http://www.ncbi.nlm.nih.gov/pmc/articles/4446055
http://f1000.com/prime/725359278
http://www.ncbi.nlm.nih.gov/pubmed/26377151
http://dx.doi.org/10.1002/mds.26333
http://www.ncbi.nlm.nih.gov/pubmed/25436182
http://dx.doi.org/10.1016/j.jocrd.2014.03.005
http://www.ncbi.nlm.nih.gov/pmc/articles/4243166
http://www.ncbi.nlm.nih.gov/pubmed/25820811
http://dx.doi.org/10.1002/mds.26207
http://www.ncbi.nlm.nih.gov/pubmed/25649686
http://dx.doi.org/10.1002/mds.26151
http://www.ncbi.nlm.nih.gov/pubmed/24996148
http://dx.doi.org/10.1002/mds.25960
http://f1000.com/prime/725235039
http://www.ncbi.nlm.nih.gov/pubmed/25392196
http://dx.doi.org/10.1093/brain/awu311
http://www.ncbi.nlm.nih.gov/pmc/articles/4306818
http://f1000.com/prime/725235039
http://www.ncbi.nlm.nih.gov/pubmed/26179434
http://dx.doi.org/10.1002/mds.26304
http://f1000.com/prime/718437615
http://www.ncbi.nlm.nih.gov/pubmed/24904391
http://dx.doi.org/10.3389/fnhum.2014.00362
http://www.ncbi.nlm.nih.gov/pmc/articles/4035756
http://f1000.com/prime/718437615
http://f1000.com/prime/718499629
http://www.ncbi.nlm.nih.gov/pubmed/25044024
http://dx.doi.org/10.1002/hbm.22588
http://f1000.com/prime/718499629
http://f1000.com/prime/725367389
http://www.ncbi.nlm.nih.gov/pubmed/24371800
http://dx.doi.org/10.1016/j.nicl.2013.11.011
http://www.ncbi.nlm.nih.gov/pmc/articles/3872720
http://f1000.com/prime/725367389
http://f1000.com/prime/720473489
http://www.ncbi.nlm.nih.gov/pubmed/22577221
http://dx.doi.org/10.1093/brain/aws104
http://www.ncbi.nlm.nih.gov/pmc/articles/3359755
http://f1000.com/prime/720473489
http://f1000.com/prime/725027017
http://www.ncbi.nlm.nih.gov/pubmed/19941350
http://dx.doi.org/10.1002/cne.22206
http://www.ncbi.nlm.nih.gov/pmc/articles/2846837
http://f1000.com/prime/725027017
http://f1000.com/prime/725428672
http://www.ncbi.nlm.nih.gov/pubmed/25855089
http://dx.doi.org/10.1002/mds.26230
http://f1000.com/prime/725428672
http://www.ncbi.nlm.nih.gov/pubmed/10489047
http://dx.doi.org/10.1212/WNL.53.4.813
http://www.ncbi.nlm.nih.gov/pubmed/25506544
http://dx.doi.org/10.1016/j.jocrd.2014.06.003
http://www.ncbi.nlm.nih.gov/pmc/articles/4260404
http://f1000.com/prime/725567157
http://www.ncbi.nlm.nih.gov/pubmed/26083307
http://dx.doi.org/10.1001/jamapsychiatry.2015.0627
http://f1000.com/prime/725567157
http://www.ncbi.nlm.nih.gov/pubmed/22410579
http://dx.doi.org/10.1038/nrneurol.2012.26
http://www.ncbi.nlm.nih.gov/pubmed/20445167
http://dx.doi.org/10.1056/NEJMoa0907006
http://www.ncbi.nlm.nih.gov/pmc/articles/2894694
http://www.ncbi.nlm.nih.gov/pubmed/23825391
http://dx.doi.org/10.1136/jmedgenet-2013-101637
http://www.ncbi.nlm.nih.gov/pubmed/22889924
http://dx.doi.org/10.1038/mp.2012.69
http://www.ncbi.nlm.nih.gov/pmc/articles/3605224
http://www.ncbi.nlm.nih.gov/pubmed/25042818
http://dx.doi.org/10.1002/ana.24215
http://www.ncbi.nlm.nih.gov/pmc/articles/4140987
http://www.ncbi.nlm.nih.gov/pubmed/25062598
http://dx.doi.org/10.1016/j.jaac.2014.04.022
http://www.ncbi.nlm.nih.gov/pmc/articles/4218748
http://www.ncbi.nlm.nih.gov/pubmed/25158072
http://dx.doi.org/10.1176/appi.ajp.2014.13101306
http://www.ncbi.nlm.nih.gov/pmc/articles/4282594
http://www.ncbi.nlm.nih.gov/pubmed/19380698
http://dx.doi.org/10.1212/WNL.0b013e3181a187dd
http://www.ncbi.nlm.nih.gov/pmc/articles/2677509
http://www.ncbi.nlm.nih.gov/pubmed/24295630
http://dx.doi.org/10.1016/B978-0-12-411546-0.00015-9
http://www.ncbi.nlm.nih.gov/pubmed/26315614
http://dx.doi.org/10.1002/mds.26414
http://www.ncbi.nlm.nih.gov/pubmed/24295625
http://dx.doi.org/10.1016/B978-0-12-411546-0.00010-X
http://www.ncbi.nlm.nih.gov/pubmed/24150997
http://dx.doi.org/10.1002/mds.25692
http://f1000.com/prime/721739063
http://www.ncbi.nlm.nih.gov/pubmed/23099282
http://dx.doi.org/10.1016/j.neubiorev.2012.09.008
http://www.ncbi.nlm.nih.gov/pmc/articles/3674207
http://f1000.com/prime/721739063
http://www.ncbi.nlm.nih.gov/pubmed/22722499
http://dx.doi.org/10.1097/JCP.0b013e31825ac2cb
http://www.ncbi.nlm.nih.gov/pubmed/24021518
http://dx.doi.org/10.4088/JCP.12m08189
http://www.ncbi.nlm.nih.gov/pubmed/26310194
http://dx.doi.org/10.1002/hup.2498
http://www.ncbi.nlm.nih.gov/pubmed/20818603
http://dx.doi.org/10.1002/mds.23402
http://f1000.com/prime/725857335
http://www.ncbi.nlm.nih.gov/pubmed/24434529
http://dx.doi.org/10.1097/WNF.0000000000000017
http://f1000.com/prime/725857335
http://www.ncbi.nlm.nih.gov/pubmed/17133512
http://dx.doi.org/10.1002/mds.21222

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

Chen JJ, Ondo WG, Dashtipour K, et al.: Tetrabenazine for the treatment of
hyperkinetic movement disorders: a review of the literature. Clin Ther. 2012;
34(7): 1487-1504.

PubMed Abstract | Publisher Full Text

Porta M, Sassi M, Cavallazzi M, et al.: Tourette’s syndrome and role of
tetrabenazine: review and personal experience. Clin Drug Investig.

2008; 28(7): 443-459.

PubMed Abstract | Publisher Full Text | F1000 Recommendation

Kenney C, Hunter C, Mejia N, et al.: Is history of depression a contraindication
to treatment with tetrabenazine? Clin Neuropharmacol. 2006; 29(5): 259—-264.
PubMed Abstract | Publisher Full Text

Jankovic J, Clarence-Smith K: Tetrabenazine for the treatment of chorea and
other hyperkinetic movement disorders. Expert Rev Neurother. 2011; 11(11):
1509-1523.

PubMed Abstract | Publisher Full Text

Cavanna AE, Nani A: Antiepileptic drugs and Tourette syndrome. Int Rev
Neurobiol. 2013; 112: 373-389.
PubMed Abstract | Publisher Full Text

Yang CS, Zhang LL, Zeng LN, et al.: Topiramate for Tourette’s syndrome in
children: a meta-analysis. Pediatr Neurol. 2013; 49(5): 344-350.
PubMed Abstract | Publisher Full Text

Jankovic J, Jimenez-Shahed J, Brown LW: A randomised, double-blind,
placebo-controlled study of topiramate in the treatment of Tourette syndrome.
J Neurol Neurosurg Psychiatry. 2010; 81(1): 70-73.

PubMed Abstract | Publisher Full Text | F1000 Recommendation

Persaud R, Garas G, Silva S, et al.: An evidence-based review of botulinum
toxin (Botox) applications in non-cosmetic head and neck conditions. JRSM
Short Rep. 2013; 4(2): 10.

PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation

Kwak CH, Hanna PA, Jankovic J: Botulinum toxin in the treatment of tics. Arch
Neurol. 2000; 57(8): 1190-1193.
PubMed Abstract | Publisher Full Text

Marras C, Andrews D, Sime E, et al.: Botulinum toxin for simple motor tics:
a randomized, double-blind, controlled clinical trial. Neurology. 2001; 56(5):
605-610.

PubMed Abstract | Publisher Full Text | F1000 Recommendation

Porta M, Maggioni G, Ottaviani F, et al.: Treatment of phonic tics in patients
with Tourette’s syndrome using botulinum toxin type A. Neurol Sci. 2004; 24(6):
420-423.

PubMed Abstract | Publisher Full Text | F1000 Recommendation

Cheung MY, Shahed J, Jankovic J: Malignant Tourette syndrome. Mov Disord.
2007; 22(12): 1743-1750.
PubMed Abstract | Publisher Full Text

Whiting PF, Wolff RF, Deshpande S, et al.: Cannabinoids for Medical Use:
A Systematic Review and Meta-analysis. JAMA. 2015; 313(24): 2456-2473.
PubMed Abstract | Publisher Full Text

Mdller-Vahl KR: Treatment of Tourette syndrome with cannabinoids. Behav
Neurol. 2013; 27(1): 119-124.
PubMed Abstract | Publisher Full Text

Kluger B, Triolo P, Jones W, et al.: The therapeutic potential of cannabinoids for
movement disorders. Mov Disord. 2015; 30(3): 313-327.
PubMed Abstract | Publisher Full Text | Free Full Text

Curtis A, Clarke CE, Rickards HE: Cannabinoids for Tourette’s Syndrome.
Cochrane Database Syst Rev. 2009; (4): CD006565.
PubMed Abstract | Publisher Full Text | F1000 Recommendation

F1000Research 2016, 5(F1000 Faculty Rev):152 Last updated: 16 FEB 2016

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

Piacentini J, Woods DW, Scahill L, et al.: Behavior therapy for children

with Tourette disorder: a randomized controlled trial. JAMA. 2010; 303(19):
1929-1937.

PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation

E Wilhelm S, Peterson AL, Piacentini J, et al.: Randomized trial of behavior
therapy for adults with Tourette syndrome. Arch Gen Psychiatry. 2012; 69(8):
795-803.

PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation

McGuire JF, Piacentini J, Brennan EA, et al.: A meta-analysis of behavior
therapy for Tourette Syndrome. J Psychiatr Res. 2014; 50: 106-112.
PubMed Abstract | Publisher Full Text | F1000 Recommendation

Scahill L, Woods DW, Himle MB, et al.: Current controversies on the role of
behavior therapy in Tourette syndrome. Mov Disord. 2013; 28(9): 1179-1183.
PubMed Abstract | Publisher Full Text | Free Full Text

Zhang JG, Ge Y, Stead M, et al.: Long-term outcome of globus pallidus
internus deep brain stimulation in patients with Tourette syndrome. Mayo Clin
Proc. 2014; 89(11): 1506-1514.

PubMed Abstract | Publisher Full Text | F1000 Recommendation

Servello D, Zekaj E, Saleh C, et al.: Deep Brain Stimulation in Gilles de la
Tourette Syndrome: What Does the Future Hold? A Cohort of 48 Patients.
Neurosurgery. 2016; 78(1): 91-100.

PubMed Abstract | Publisher Full Text | F1000 Recommendation

E Kefalopoulou Z, Zrinzo L, Jahanshahi M, et al.: Bilateral globus pallidus
stimulation for severe Tourette’s syndrome: a double-blind, randomised
crossover trial. Lancet Neurol. 2015; 14(6): 595-605.

PubMed Abstract | Publisher Full Text | F1000 Recommendation

Fraint A, Pal G: Deep Brain Stimulation in Tourette’s Syndrome. Front Neurol.
2015; 6: 170.

PubMed Abstract | Publisher Full Text | Free Full Text

Servello D, Sassi M, Gaeta M, et al.: Tourette syndrome (TS) bears a higher
rate of inflammatory complications at the implanted hardware in deep brain
stimulation (DBS). Acta Neurochir (Wien). 2011; 153(3): 629-632.

PubMed Abstract | Publisher Full Text

Okun MS, Foote KD, Wu SS, et al.: A trial of scheduled deep brain
stimulation for Tourette syndrome: moving away from continuous deep brain
stimulation paradigms. JAMA Neurol. 2013; 70(1): 85-94.

PubMed Abstract | Publisher Full Text | F1000 Recommendation

Almeida L, Martinez-Ramirez D, Rossi PJ, et al.: Chasing tics in the human brain:
development of open, scheduled and closed loop responsive approaches

to deep brain stimulation for Tourette syndrome. J Clin Neurol. 2015; 11(2):
122-131.

PubMed Abstract | Publisher Full Text | Free Full Text

Schrock LE, Mink JW, Woods DW, et al.: Tourette syndrome deep brain stimulation:
a review and updated recommendations. Mov Disord. 2015; 30(4): 448-471.
PubMed Abstract | Publisher Full Text

Viswanathan A, Jimenez-Shahed J, Baizabal Carvallo JF, et al.: Deep brain
stimulation for Tourette syndrome: target selection. Stereotact Funct Neurosurg.
2012; 90(4): 213-224.

PubMed Abstract | Publisher Full Text

Jimenez-Shahed J: Design challenges for stimulation trials of Tourette’s
syndrome. Lancet Neurol. 2015; 14(6): 563-565.

PubMed Abstract | Publisher Full Text

Gilbert DL, Jankovic J: Pharmacological treatment of Tourette syndrome.

J Obsessive Compuls Relat Disord. 2014; 3(4): 407-414.

Publisher Full Text

Page 9 of 10


http://www.ncbi.nlm.nih.gov/pubmed/22749259
http://dx.doi.org/10.1016/j.clinthera.2012.06.010
http://f1000.com/prime/726088496
http://www.ncbi.nlm.nih.gov/pubmed/18544005
http://dx.doi.org/10.2165/00044011-200828070-00006
http://f1000.com/prime/726088496
http://www.ncbi.nlm.nih.gov/pubmed/16960470
http://dx.doi.org/10.1097/01.WNF.0000228369.25593.35
http://www.ncbi.nlm.nih.gov/pubmed/22014129
http://dx.doi.org/10.1586/ern.11.149
http://www.ncbi.nlm.nih.gov/pubmed/24295627
http://dx.doi.org/10.1016/B978-0-12-411546-0.00012-3
http://www.ncbi.nlm.nih.gov/pubmed/24139534
http://dx.doi.org/10.1016/j.pediatrneurol.2013.05.002
http://f1000.com/prime/1932956
http://www.ncbi.nlm.nih.gov/pubmed/19726418
http://dx.doi.org/10.1136/jnnp.2009.185348
http://f1000.com/prime/1932956
http://f1000.com/prime/726027963
http://www.ncbi.nlm.nih.gov/pubmed/23476731
http://dx.doi.org/10.1177/2042533312472115
http://www.ncbi.nlm.nih.gov/pmc/articles/3591685
http://f1000.com/prime/726027963
http://www.ncbi.nlm.nih.gov/pubmed/10927800
http://dx.doi.org/10.1001/archneur.57.8.1190
http://f1000.com/prime/723564733
http://www.ncbi.nlm.nih.gov/pubmed/11245710
http://dx.doi.org/10.1212/WNL.56.5.605
http://f1000.com/prime/723564733
http://f1000.com/prime/726088501
http://www.ncbi.nlm.nih.gov/pubmed/14767691
http://dx.doi.org/10.1007/s10072-003-0201-4
http://f1000.com/prime/726088501
http://www.ncbi.nlm.nih.gov/pubmed/17566119
http://dx.doi.org/10.1002/mds.21599
http://www.ncbi.nlm.nih.gov/pubmed/26103030
http://dx.doi.org/10.1001/jama.2015.6358
http://www.ncbi.nlm.nih.gov/pubmed/23187140
http://dx.doi.org/10.3233/BEN-120276
http://www.ncbi.nlm.nih.gov/pubmed/25649017
http://dx.doi.org/10.1002/mds.26142
http://www.ncbi.nlm.nih.gov/pmc/articles/4357541
http://f1000.com/prime/721155862
http://www.ncbi.nlm.nih.gov/pubmed/19821373
http://dx.doi.org/10.1002/14651858.CD006565.pub2
http://f1000.com/prime/721155862
http://f1000.com/prime/5899957
http://www.ncbi.nlm.nih.gov/pubmed/20483969
http://dx.doi.org/10.1001/jama.2010.607
http://www.ncbi.nlm.nih.gov/pmc/articles/2993317
http://f1000.com/prime/5899957
http://f1000.com/prime/717954600
http://www.ncbi.nlm.nih.gov/pubmed/22868933
http://dx.doi.org/10.1001/archgenpsychiatry.2011.1528
http://www.ncbi.nlm.nih.gov/pmc/articles/3772729
http://f1000.com/prime/717954600
http://f1000.com/prime/718231491
http://www.ncbi.nlm.nih.gov/pubmed/24398255
http://dx.doi.org/10.1016/j.jpsychires.2013.12.009
http://f1000.com/prime/718231491
http://www.ncbi.nlm.nih.gov/pubmed/23681719
http://dx.doi.org/10.1002/mds.25488
http://www.ncbi.nlm.nih.gov/pmc/articles/4283569
http://f1000.com/prime/725252057
http://www.ncbi.nlm.nih.gov/pubmed/25444487
http://dx.doi.org/10.1016/j.mayocp.2014.05.019
http://f1000.com/prime/725252057
http://f1000.com/prime/725775521
http://www.ncbi.nlm.nih.gov/pubmed/26348012
http://dx.doi.org/10.1227/NEU.0000000000001004
http://f1000.com/prime/725775521
http://f1000.com/prime/725439230
http://www.ncbi.nlm.nih.gov/pubmed/25882029
http://dx.doi.org/10.1016/S1474-4422(15)00008-3
http://f1000.com/prime/725439230
http://www.ncbi.nlm.nih.gov/pubmed/26300844
http://dx.doi.org/10.3389/fneur.2015.00170
http://www.ncbi.nlm.nih.gov/pmc/articles/4523794
http://www.ncbi.nlm.nih.gov/pubmed/21052744
http://dx.doi.org/10.1007/s00701-010-0851-y
http://f1000.com/prime/717962108
http://www.ncbi.nlm.nih.gov/pubmed/23044532
http://dx.doi.org/10.1001/jamaneurol.2013.580
http://f1000.com/prime/717962108
http://www.ncbi.nlm.nih.gov/pubmed/25851890
http://dx.doi.org/10.3988/jcn.2015.11.2.122
http://www.ncbi.nlm.nih.gov/pmc/articles/4387477
http://www.ncbi.nlm.nih.gov/pubmed/25476818
http://dx.doi.org/10.1002/mds.26094
http://www.ncbi.nlm.nih.gov/pubmed/22699684
http://dx.doi.org/10.1159/000337776
http://www.ncbi.nlm.nih.gov/pubmed/25882028
http://dx.doi.org/10.1016/S1474-4422(15)00043-5
http://dx.doi.org/10.1016/j.jocrd.2014.04.006

FIOOOResearch F1000Research 2016, 5(F1000 Faculty Rev):152 Last updated: 16 FEB 2016

Open Peer Review

Current Referee Status: l_ J [_ J [_ J

Editorial Note on the Review Process

F1000 Faculty Reviews are commissioned from members of the prestigious F1000 Faculty and are edited as a
service to readers. In order to make these reviews as comprehensive and accessible as possible, the referees
provide input before publication and only the final, revised version is published. The referees who approved the
final version are listed with their names and affiliations but without their reports on earlier versions (any comments
will already have been addressed in the published version).

The referees who approved this article are:

1 Mark Hallett, National Institute of Neurological Disorders and Stroke, USA, Bethesda, MD, USA
Competing Interests: No competing interests were disclosed.

2 Jonathan Mink, Department of Neurology, University of Rochester Medical Center, Rochester, NY, USA
Competing Interests: No competing interests were disclosed.

3 Andrea Cavanna, Birmingham and Solihull Mental Health NHS Foundation Trust, The Barberry National
Centre for Mental Health, Birmingham, UK
Competing Interests: No competing interests were disclosed.

Page 10 of 10


http://f1000research.com/channels/f1000-faculty-reviews/about-this-channel
http://f1000.com/prime/thefaculty

