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Tourette’s disorder in children and adolescents
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Abstract: Tourette’s disorder (TD) is one of the five American Psychiatric Association’s 2013 Diagnostic
and Statistical Manual of Mental Disorders (DSM-5) classifications of tic disorders. Eponymously linked
with the noted 19th century French physician, Gilles de la Tourette [1857-1904], this disorder is identified
in 0.3% to 0.7% of the population. It is characterized as a familial neuropsychiatric condition with multiple
motor tics and vocal tics (one or more) present for more than 1 year with varying severity. The underlying
pathophysiology involves dysfunctional activity of the basal ganglia and circuitry of the frontal cortex as
well as dorsolateral striatum deficits. Contributory factors include genetic features interacting with milieu
influences. A number of comorbid disorders are seen including obsessive-compulsive disorder (OCD)
and attention-deficit/hyperactivity disorder (ADHD). Concepts of management are considered including
behavioral therapy and pharmacologic approaches with alpha-adrenoceptor agonists, atypical antipsychotics
(AAs), haloperidol, pimozide and others. Other management includes botulinum injections and deep brain

stimulation in adults.
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Introduction

Tic disorders are among the most common
neurodevelopmental disorders (neuropsychiatric
conditions) in the pediatric population (i.e., children,
adolescents) (1-6). The American Psychiatric Association’s
Diagnostic and Statistical Manual of Mental Disorders,
5th edition (DSM-5) lists five tic disorders: provisional tic
disorder, persistent (chronic) motor or vocal tic disorder,
Tourette’s disorder (I'D), other specified tics disorders, and
unspecified tic disorders (1). This discussion on TD presents
basic definitions, epidemiology, etiologic considerations,
co-morbidities, clinical features, and management concepts
for TD. It begins with basic definitions of the three main
tic disorders: provisional tic disorder, persistent (chronic)

© Translational Pediatrics. All rights reserved.

motor or vocal tic disorder, and TD.

Definitions

Tics (habit spasms) are movements that are sudden, brief,
purposeless and involuntary (1,2). The term, stereotypies,
refers to movements that more prolonged than tics; they
are purposeless, rhythmic, and repetitive. Stereotypies are
impulsive, specific to each patient, and usually begin under
age 3 years (7).

Tics are typically classified in three types: motor tics,
vocal tics and sensory tics. Tic disorders are placed by the
American Psychiatric Association’s DSM-5 in the category
of Motor Disorders within the Neurodevelopmental
Disorders category (1). These tic disorders begin under age
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18 years and are not due to other underlying disorders such
as substance use disorders (cocaine substance use disorders,
others), Huntington’s disease, or post-viral encephalitis (1).
The DSM-5 taxonomy removed the term, stereotype, from
definition of a tic and also added a new specifier, tic-related,
to its obsessive-compulsive disorder (OCD) (1).

Provisional tic disorder is defined in a person who
develops single or multiple tics (motor and/or vocal)
for less than 1 year before the age of 18 years (1). This
condition is not due to substance use disorders or medial
disorders as noted before. Also, the criteria for TD or
persistent (chronic) motor or vocal tic disorder are not met
(as discussed below). The tics can be worsened with stress
and they can be voluntarily suppressed for periods of time
ranging from minutes to hours. Disappearance of these tics
within weeks of onset is the norm.

Persistent (chronic) motor or vocal tic disorder refers
to a condition in which there is single or multiple tics that
are either motor or vocal but not both types (1,2,4,5). This
condition is present for over 1 year and the tics can vary
in intensity as well as frequency. The tics are not due to
substance use disorder or other medical illness as noted.
The DSM-5 criteria for TD are not met.

TD is a neurodevelopmental (neuropsychiatric) disorder

Characterized as a familial condition with multiple motor
tics as well as vocal tics (one or more) present for more
than 1 year with of varying severity (1-6). As with the other
tics, the condition is not due to substance use disorder or
medical illnesses noted (i.e., Huntington’s disease, post-viral
encephalitis) (1,2).

Tics may be simple or complex tics that involve the
head, neck, trunk and/or extremities (upper or lower) (2).
Motor tics can involve eye blinking, lip smacking, shoulder
shrugging, grimacing, head tossing or other movements.
Simplex vocal tics can involve coughing, grunting, shouting,
barking, sniffing, throat clearing, or crying. Complex vocal
tics can involve swearing (coprolalia), repeating words
(echolalia), repeating the last sound (palilalia) and/
or nonobscene socially inappropriate behaviors
(NOSIBs) (1,2,5).

Epidemiology

Provisional tic disorder (previously called “transient tic
disorder” in the 1994 DSM-IV) is found in 4% to 20%
of pediatric persons (including young adolescents) (2). In
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addition to a positive family history there is a 2-3:1 male to
female ratio. Persistent (chronic) motor or vocal tic disorder
is usually identified in 1% to 2% of the general population
often with a positive family history and with a link to (or
association with) Tourette’s disease (2,8). Some also note
chronic motor tic disorder can be found in 3-50 per 1,000
school children while chronic vocal tic disorder is seen in 2.5
to 9.4 per 1,000 school children (2,8).

Tourette’s disease (Tourette’s syndrome; Gilles de la
Tourette syndrome) is classically identified in 5 (3-8) per
1,000; it is ten times more common in children in contrast
to adults with a 3-4:1 male to female ratio (1-3,9). The
average age of onset is 4-7 years of age with a typical range
of 2 to 15 years and the defined final age of onset of 21
years. History taking reveals a positive family history for tic
disorder—as persistent (chronic) motor or vocal tic disorder

and/or TD.

Etiology

Etiologic underpinnings for Tourette’s disease and
chronic motor tic disorder include central nervous system
(CNS) dopamine metabolism dysfunction with circuitry
abnormalities in CNS structures as the frontal (prefrontal)
lobe, striatum, globus pallidus and thalamus; dysfunction
occurs with the connections of the basal ganglia and cortical
areas. The improvement noted with neuroleptic medication
supports the dopaminergic dysfunction theory for tic
disorders.

Other metabolic derangements have been studied
in Tourette syndrome. Pourfar er 4/. looked at glucose
utilization in the brain of patients with Tourette syndrome
compared to controls; this report found varying utilization
in the basal ganglia, increased activity in the premotor
cortex as well as cerebellum and decreased resting activity
of the striatum along with the orbitofrontal cortex (10).

Abnormalities in the GABA-ergic system have
also been identified in those with Tourette syndrome.
These abnormalities lead to a loss of inhibition and a
maldistribution of GABA receptors. The areas of the
brain most impacted by these changes were the thalamus,
amygdala, bilateral ventral striatum and right insula (11). In
addition, there is a theory for the action of Group A beta-
hemolytic streptococcal infection leading to PANDAS
(Pediatric Autoimmune Neuropsychiatric Disorders
Associated with Streptococci) (12,13).

Also, in addition to environmental impacts, there are
genetic influences as suggested by research dealing with
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the SLITRKI gene and others interacting with various
environmental (epigenetic) factors (14-18). The SLITRK1
gene is noted to play a role in dendritic growth. It has been
shown to be present in brain areas that have been implicated
in Tourette syndrome (19).

Furthermore, the HDC gene, which is responsible for
encoding L-histidine decarboxylase, has been identified.
It is mostly present in the posterior hypothalamus and
has connections to other brain regions. This gene has an
autosomal dominant inheritance but is rare and only present
in few families (20).

Neuroimaging pathology

The pathology of Tourette syndrome has not been fully
elucidated. Though no consistent brain abnormalities have
been noted, various studies have shown increased activity
in specific brain areas related to the urge to tic and tic
action. It has been suggested that the grey matter in the
left frontal lobes of those with T'S was smaller compared
to controls (21). Another study stated that there is reduced
thickness of gray matter in the various sulci as pre- and
post-central, superior, inferior and internal frontal. These
findings are significant because they suggest an abnormality
originating in brain development (22). A decrease in caudate
volume has also been identified. Furthermore, an inverse
relationship between tic severity and sensorimotor cortex
volume has been noted (23).

Using imaging modalities such as PET and MRI, the
activity of different brain regions in the urge to tic and tic
action were evaluated. Increased activity has been noted
in neocortical, paralimbic and subcortical regions. During
the urge to tic, areas that have revealed increased activity
include the insula, cingulate cortex and supplementary
cortical areas. Activation in sensorimotor areas, including
cerebellum and bilateral superior parietal lobule, have been
noted at tic onset. The combined effects of excessive activity
in motor pathways and reduced activation in controlling
regions of the cortico-striato-thalamo-cortical regions
also correlates during the duration of urge to tic to tic
onset (24,25).

One specific study observed the importance of the
insular cortex and its role in the urge to blink. This finding
is supportive on the insula being an integral part of other
bodily urges, thoughts and behaviors. This is consistent
with findings that have looked at other disorders with
abnormal urges, including obsessive compulsive disorder

(OCD), which is a known comorbidity of TS (26).
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Differential diagnosis and co-morbid conditions

A careful evaluation should be obtained to be sure the
person has various tics in contrast to other involuntary
muscle movements such as myoclonus, spasm, tremor,
chorea, dystonia, athetosis, or ballismus (2). As with the
APA DSM-5 guidelines, the tics are not due to medications
(i.e., stimulants) or illnesses (i.e., post-viral encephalitis or
Huntington’s disease). In Tourette’s disease a wide variety
of tics may present over time: motor, simple vocal and/
or complex focal tics. A sensory tic can be seen in 3%
characterized by an irritating sensation arising over a joint
or muscle group that is improved by the tic. The tic may
be stopped for a period of time until such unpleasantness
(“premonitory sensory urges”) arises that the tic occurs to
relieve the negative feeling for a “just-right” perception (18).

A wide variety of conditions are co-morbid with
Tourette’s disease that includes 30% to 50% having
attention-deficit/hyperactivity disorder (ADHD) and 30%
to 60% having OCD (1,2,4,5,27,28). A subtype of OCD
with tics has been classified as an OCD subtype (4). Issues
of microglial dysregulation in Tourette syndrome (disease),
OCD and PANDAS are described in the literature (29).
Genetic and phenotypic overlaps between Tourette’s
disease, OCD and ADHD are also described (30).

A wide variety of other conditions have been associated
with Tourette’s disease that include other anxiety disorders
(30-40%), mood disorders (30-40%), learning disorders
with or without ADHD (20-30%), substance use disorders,
intermittent explosive disorder, “rage attacks”, and autism
spectrum disorder (1,2,4). A large prospective study looking
at Tourette syndrome and the comorbidities revealed that
tic severity decreased throughout the adolescent years.

Furthermore, the comorbid OCD and ADHD severity
also decreased over time. It should be noted that subclinical
symptoms and co-existing emotional pathologies remained
as these patients progressed through adolescence. These
conditions need to stay in the mind of clinicians as patients
may still require treatment in this regard (31).

Management

Management of Tourette’s disease occurs at various
therapeutic levels that includes education about this
condition, reassurance as is appropriate, treatment of co-
morbid conditions, various types of behavioral therapy, and
medications as needed (2,18). Surgical measures are, in rare
situations, also provided such as deep brain stimulation (18).
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Table 1 Prescription principles for antipsychotic prescription

978

Before prescription and at each visit: take the patient’s height, weight and body mass index (BMI)

Take the blood pressure and pulse before prescription and every 3 months after the initial prescription

Take a fasting glucose and lipid screen before prescription, then in 3 months and then every 6 months while on the anti-psychotic

medication

Obtain a baseline evaluation for extrapyramidal signs before prescription; repeat this during any increase in dosages and then every

3 months

Check a prolactin if menstrual (or psychosexual) problems arise

Baseline and follow-up electrocardiograms (EKGs) for some antipsychotics: (i.e., pimozide, ziprasidone)

The focus in this section is on the pharmacologic
management of Tourette’s disease. These agents typically
include alpha agonists (clonidine, guanfacine) and
antipsychotics (haloperidol, pimozide, risperidone, others)
often as first-line drugs; additional medications include
dopamine receptor agonist (i.e., pergolide), muscle
relaxer/antispasmodic drug (i.e., baclofen), stimulants
(methylphenidate, amphetamines), antidepressants
(selective serotonin reuptake inhibitors, or SSRIs),
anticonvulsants (i.e., topiramate and levetiracetam),
and VMAT-2-inhibitors (2,6). As the clinician chooses a
specific anti-tic medication, she/he must consider comorbid
diagnoses that may be present and how the child or
adolescent responds to various prescribed medications—
including adverse effects that may arise (2).

Alpha agonists (clonidine, guanfacine)

These medications are typically the one of the first agents
utilized when medication is chosen for Tourette’s disease
and include clonidine as well as guanfacine (2,32). Alpha
agonists provide reduction in adrenergic outflow from
the CNS that may lower tic frequency. They have various
medical uses that include being alternative or added
medications for ADHD management.

Clonidine (presynaptic, central-acting alpha-2 agonist)
is given at an oral dose of 0.05 to 0.3 mg per day and is
given at bedtime or can be prescribed two to four times
a day. Adverse effects typically seen include dizziness,
constipation, dry mouth, drowsiness, and sedation (the
latter is a serious limiting factor for many patients). A
less common adverse effect seen in children is orthostatic
hypotension. As the clinician carefully follows the patient
on clonidine, slow build-up and withdrawal of dosages are
recommended. Rapid withdrawal of clonidine may induce
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rebound hypertension.

Baseline and follow-up data include the blood pressure,
pulse, blood sugar and an electrocardiogram (EKG). The
EKG can be taken every 6 months and anecdotal reports
are seen of sudden cardiac deaths in a few pediatric patients
on clonidine along with methylphenidate (2,33).

Guanfacine is an alpha,, adrenergic agonist related to
clonidine that is also prescribed to lower tics with a daily
dose of 0.5 to 1 mg given three times a day. The side effects
are usually lower than seen with clonidine. However,
some patients may have increased agitation and headaches
on guanfacine. Typically, there is less sedation and blood
pressure issues in persons taking guanfacine than noted with
clonidine.

Antipsychotics

Traditional tic management involves use of behavioral
therapy and then alpha agonists if needed. If such
initial therapy is not sufficient and/or the tics are severe
or bothersome to the person, other medications may
be tried (34,35). Typically, at this point, a trial of an
antipsychotic medication may be provided to help with
tic suppression—either partial or full (33-40). The exact
mechanism for tic suppression with use of antipsychotics
is not precisely known, but it may be related to dopamine
blockade of post-synaptic receptors in the cortico-striato-
thalamic circuitry of the CNS.

Antipsychotic medications that have been utilized include
haloperidol as well as pimozide and more recently—the
atypical antipsychotics (AAs): risperidone, aripiprazole and
ziprasidone. Whatever medication is used clinicians should
seek a balance between the best tic suppression with adverse
effects minimization. 7able 1 provides some prescription
guidelines for antipsychotics.
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Haloperidol

Studies suggest that approximately 25% of pediatric patients
with Tourette’s disease placed on haloperidol will develop a
70% lowering of their tics at a dosage that minimalizes or
avoids major adverse effects (2). Approximately half of those
with bothersome tics experience tic reduction only at doses
inducing major antipsychotic side effects and 25% do not
improve with haloperidol at all.

Start with a dose of 0.25 mg orally each day and gradually
increase to 2 mg, two times per day as the patient tolerates
and the overall tic suppression response. Higher doses
may be given (i.e., 5 mg twice a day); however, maximum
tic suppression usually occurs at doses below that used for
overt psychosis management.

Potential adverse effects include extrapyramidal
symptoms (EPS) and neuroleptic syndrome (NMS).
Contraindications for haloperidol (as well as fluphenazine)
include those with liver disease, subcortical brain damage,
blood dyscrasias, and mental obtundation.

Pimozide

If pimozide is used, there is typically a 70% to 80%
lowering of tics, usually without major side effects (41). One
method of pimozide prescription for tic suppression is to
use the patient’s weight as a guide: 0.05-0.2 mg/kg/day—
not to go over 10 mg per day. Some clinicians just begin
with 1 mg daily orally and gradually increase up to 4 mg
two times a day.

Pimozide is not used for tic disorders other than for
Tourette’s syndrome; also, it generally should not be used
with stimulant medications if the clinician concludes that
the stimulant(s) is causing the tics and not the Tourette’s
syndrome. Pimozide can prolong the QTc interval; thus,
it should not be prescribed with other drugs that can in
combination prolong the QTc interval; such medications
include nefazodone, chlorpromazine, thioridazine,
citalopram, ziprasidone, fluoxetine, sertraline, and
fluvoxamine.

Risperidone

The tic-suppression dosage for the AA risperidone is 0.25
mg daily to 2 mg twice a day orally. Risperidone (along with
haloperidol and pimozide) are at risk for causing EPS and
NMS. Other adverse effects include cognitive dysfunction
(impairment) and lethargy. All the AAs can increase blood
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glucose and in increasing order, can lead to weight gain:
risperidone, quetiapine, and olanzapine. The newer AAs can
increase serum prolactin except for the AA aripiprazole and
quetiapine.

Baclofen

The muscle relaxant, baclofen, has been utilized with some
success to reduce tics in persons with Tourette disease (2,42).
Its action may involve inhibitory effects via GABA (gamma-
aminobutyric acid) of which this chemical is an analogue.
The initial dose of baclofen for Tourette’s disease is 5 mg
(three times a day) with a dosage augmentation every 5 days
(as tolerated) to a maximum of 20 mg three times a day; the
upper limit of the adult dosage is 80 mg per day.

As with all medications, observance for side effects is
important. Somnolence is noted in over half of those taking
baclofen at first; fortunately, this adverse effect tends to be
transient. Other common adverse effects include weakness,
confusion, headache, dizziness, fatigue, nausea, and urinary
frequency. In some persons on this medication, an increase
may occur in blood sugar, alkaline phosphatase and SGOT
(serum glutamic-oxaloacetic transaminase; AST: aspartate
aminotransferase). Thus, monitoring those on baclofen may
include periodic testing for these measures.

Stimulants

As noted, Tourette’s disease may be co-morbid with ADHD
and the use of stimulant medications may help both the
tics and the ADHD symptomatology (2,27,33,43-50). The
use of stimulants (i.e., methylphenidate; amphetamines)
augments the dopamine/norepinephrine availability
at post-synaptic neurons probably due to action at the
pre-synaptic neurons (i.e., increased release; reuptake
blockade) (2,27,33).

Persons with Tourette’s syndrome and ADHD may
be prescribed stimulant medication and other anti-tic
medication (i.e., antipsychotics, others) of bothersome
tics develop (43-50). There is no clear research that
stimulants are the etiologic agent behind tics and thus,
careful evaluation as well as management is needed.
Clinicians should follow the patient carefully and provide
or stop such medications as the clinical course unfolds or
dictates (2,27,33). Anti-ADHD medications that do not
worsen tics can be considered, such as alpha-2-agonists
or atomoxetine (selective norepinephrine reuptake
inhibitor).
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Table 2 Common side effects of anticonvulsants for Tourette syndrome

Topiramate

Sedation

Fatigue

Cognitive slowing

Behavioral changes

Word finding problems

Glaucoma precipitation

Dehydration

Anemia

Renal stones
Levetiracetam

Headache

Dizziness

Somnolence

Weakness

Antidepressants

Selective serotonin reuptake inhibitors (SSRIs) have been
utilized to ameliorate tics in some persons with Tourette’s
syndrome while also potentially improving various Tourette
syndrome co-morbidities; these include OCD, generalized
anxiety disorder, and phobias. Tics may be worsened with
anxiety and thus anti-anxiety treatment (pharmacologic or
psychologic) may be helpful in improving the tic disorder.

The mechanisms of action include the augmentation
of catecholamine availability via reuptake inhibition,
antagonism (pre/post-synaptic) and/or a combination
of these pathophysiologic actions (2). Antidepressant
medications that have serotonergic activity (not mirtazapine
or venlafaxine) are contraindicated with pimozide due to the
increase in the adverse effect of prolongation of the QTc
interval (as noted previously).

Some clinicians prefer to use citalopram or escitalopram
for persons with OCD and TD since this combination is
less likely to induce behavior activation and agitation—in
contrast to other SSRIs. Maximum dosage of the SSRI may
be needed for successful amelioration of the tics and thus,
careful monitoring of such combinations is needed. Finally,
the combination of risperidone and an SSRI may be needed
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for severe situations of Tourette disorder (51).

Anticonvulsants

Anticonvulsant medications, particularly topiramate and
levetiracetam, have been utilized to reduce tic frequency
in persons with Tourette syndrome; carbamazepine
and valproic acid have also been utilized (2,52,53). The
mechanism of action for improvement is unclear but may
be related to such issues as augmentation of GABA (an
inhibitory neurotransmitter), stabilization of neuronal
membranes and/or inhibition of amino acids (i.e., aspartate,
glutamate) that are excitatory. Those with Tourette
syndrome also have an increased risk of having epilepsy (54).

Dosages used for topiramate are 50 to 200 mg once
per day while dosages for levetiracetam range from 1,000
to 2,000 mg once per day. As with these various anti-tic
medications, clinicians should start with a low dose and
gradually increase as needed for maximum tic control.

No routine laboratory testing is usually suggested when
taking levetiracetam. Topiramate, however, can increase
liver function tests (LFTs) and periodic laboratory testing
when on this anticonvulsant include LFTs along with a
complete blood count (CBC), blood urea nitrogen (BUN)
and creatinine. Common adverse effects from these drugs
are noted in Tible 2.

Miscellaneous drugs

There are a wide variety of old and new (emerging)
medications that have been and are being used for various
movement disorders in adults as well as occasionally for
pediatric patients (2). Caution, however, should be applied
in considering these medications and consultation with
experts in neurology and psychiatry is recommended. As
the 21st century research becomes available, guidelines
may develop for the safe application of some of these newer
movement disorder medications for severe and/or unique
cases of Tourette’s disease.

Pergolide, for example, is a dopamine receptor agonist
(ergoline-based) that has been used for management of
Parkinson’s disease and neuroleptic-resistant Tourette’s
disease (2,55). However, this drug was withdrawn from
the United States human pharmacopoeia market in 2007
because of links with valvular heart disease (56).

Benzamides are selective DA-D2 receptor
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antagonists that have been studied as antipsychotics (i.e.,
sultopride), analgesics (i.e., salicylamide), antiemetics
(i.e., metoclopramide), and others (2,57-60). Tiapride is
a benzamide utilized in Europe and other countries for
management of tics (59,60). Tetrabenazine is a CNS depressant
and VMAT?2 (vesicular monoamine transporter 2) inhibitor
used to treatment movement disability in Huntington’s
disease, other hyperkinetic movement disorders
and severe Tourette’s disease (2,6,38,60-62). Other
VMAT?2 inhibitors are under study as well including
deutetrabenazine and valbenazine (53).

A variety of other agents remain under study and include
the cannabinoid delta-9-tetrahydrocannabinol, ecopipam
(D1 receptor antagonist), clonazepam (benzodiazepine/
anxiolytic), n-acetylcysteine (amino acid), omega-3 fatty
acids, ningdong granule (complementary and alternative
therapy), 5-Ling granule (a proprietary herbal medicine),
and others (2,53-68). Botulinum toxin, in addition, has
been used to improve motor tics with variable results for
about 3 months (69).

Conclusions

Tourette syndrome is a complex neuropsychiatric
(neurodevelopmental) disorder with a prevalence of 1%
and diagnosed between 4 and 18 years old (up to 21 years
of age) (1,2). Classic features include various motor and
phonic tics. There can be complex vocal tics with swearing
(coprolalia), repeating words (echolalia), repeating the last
sound (palilalia) and/or non-obscene socially inappropriate
behaviors (NOSIBs) (1,2,5). A variety of co-morbid
conditions are described with Tourette syndrome such as
ADHD and OCD.

Management of Tourette’s disease occurs at various
therapeutic levels that includes education about this
condition, reassurance as is appropriate, treatment of co-
morbid conditions, various types of behavioral therapy,
and medications as needed (2,18,70,71). A variety of
pharmacologic agents can be utilized that typically
initiate with alpha agonists (clonidine, guanfacine)
and then antipsychotics (i.e., risperidone, pimozide,
others). If required, a variety of other medications are
used that include baclofen (muscle relaxant), stimulants
(methylphenidate), antidepressants (SSRIs, others), and
anticonvulsants (topiramate, levetiracetam, others).

Other medications are under study and may become
increasingly used for Tourette syndrome as the 21st
century unfolds. The actual combination of medications
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is dependent on clinician preference, appearance of
bothersome adverse effects and the complications of co-
morbid conditions (2,4,5). The benefit of deep brain
stimulation remains under research at this time for pediatric

and adult patients (6,72-75).
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