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The first description of a tic disorder was made as early as 1825 by Itard who discussed 

the case of a French noblewoman, the Marquise de Dampierre who displayed involuntary 

movements and coprolalia. At the end of the XIXth century, french neurologist Georges 

Gilles de la Tourette described the disorder which now bears his name. In his seminal 

paper, he described the symptomatology of nine patients with multiple tics, echolalia and 

coprolalia. Gilles de la Tourette suggested that it was a neurological condition with a 

hereditary component. Nevertheless, this syndrome was later considered as having a 

mainly psychogenic origin and it is only since the 1960s, with the use of neuroleptics, 

that the organic basis of Gilles-de-la-Tourette syndrome (TS) has been reaffirmed. TS is 

now considered a hereditary neuropsychiatric disorder linked to cortico-striatal brain 

circuits. 

 

Epidemiology 

TS prevalence remains unclear partly because of the lack of biological markers, the wide 

fluctuation of the symptoms and lack of a consensus regarding a definition of the 

disorder. According to some studies, it is estimated that between 1 and 3% in the school 

age population are affected by the syndrome (Horsne et al., 2001).  However, because of 
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the fluctuating nature of the disease and because of the unawareness of the tics, the real 

prevalence is probably higher. Also, if we consider that chronic motor or vocal tic 

disorders are manifestations of the TS genes, the actual gene prevalence may be higher 

than standard estimates. 

 

Phenomenology of Tics 

Tics are repetitive and sudden stereotyped movements which often occur in response to a 

sensation or an urge and often occur in bouts. Tics present themselves in a simple or 

complex form. Motor tics usually manifest first at the head level and then migrate to the 

distal parts of the body during evolution. The most frequent motor tics are eye blinking 

and oro-facial grimaces. Among vocal tics, throat clearing, shouting and simple non-

verbal sound are most common. Tics are called complex when they involve several 

segments or when they appear goal-directed like touching, smelling, hitting, imitating 

actions (echopraxia) or repeating words (echolalia). Coprolalia, an involuntary 

verbalization of obscene or scatological words, appears only in a minority of subjects 

affected by TS and it is often a temporary manifestation (Erenberg et al., 1986). 

 

Tics are often preceded by a localized sensation or by a general discomfort which is 

relieved by the production of the tic. These premonitory sensations are mainly reported 

by children over 10, possibly due to a cognitive maturation allowing them to better detect 

these signs (Banaschewski et al., 2003). Repetitive, intrusive uncomfortable sensations 

(sensory tics) can also occur independent of externally apparent tics and often in the 

absence of a verifiable stimulus (Miguel et al., 2000). Sensory tics and premonitory 
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sensations give a semi-voluntary property to some tics as they feel like they are released 

by the individual to relieve an itch (Kwak et al., 2003; Woods et al., 2005).   

A fundamental characteristic of tics is that they can be voluntarily inhibited during a short 

moment, but at the expense of an increasing urge to express them. This temporary 

suppression ability can give the impression that tics are partly voluntary and can then 

increase the guilt linked to the fact that they cannot be inhibited indefinitely. Like many 

types of involuntary movements, tics can be reduced by concentration on voluntary tasks 

which activates fronto-striatal brain circuits. Tics can also be exacerbated by stress and 

fatigue but the link between small stressful life events and tic exacerbation in the same 

week does not appear to be simple in most cases (Hoekstra et al., 2004; Lin et al., in 

press). Another critical feature of tics is their plasticity and suggestibility. New tics can 

replace old ones within a short period of time, tics can be evoked by discussing them with 

the patient, and they can be developed through observation of other people’s tics (Woods 

et al., 2001).  This plasticity suggests that tics are linked to fluctuations in the activation 

threshold of circuits controlling fragments of stereotyped movements (Heinz, 1999).   

 

Diagnostic criteria 

TS is characterized by the presence of chronic tics appearing before 21 years (Tourette 

Syndrome Classification Study Group (TSCSG), 1993). According to the criteria of the 

TSCSG, a TS diagnosis depends on the presence of multiple motor tics and a least one 

vocal tic with a fluctuating course during at least one year (Leckman et al., 1999). 

However, this definition may be somewhat arbitrary as for the necessity of a vocal tic, 

since chronic motor tic disorder (CMTD), a lower-severity variant of TS often show the 
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same evolution and co-morbidities as TS (Diniz et al., 2006; Saccomani et al., 2005).  

CMTD should be included in the family of Tourette spectrum disorders (TSD) to insure 

adequate attention and care for all individuals with primary tic disorders. 

 

Diagnosis is made according to the history and the presence of tics during the exam. 

There is no diagnostic test and radiological exams are useful only if the presentation is 

atypical or the neurological exam is abnormal. EEG and evoked potentials measures are 

usually normal (Drake et al., 1992; Drake et al., 1991). Differential diagnosis includes 

transient tics, compulsions as well as stereotypies (see Table 1).  

 

Natural history 

Transient tics are very frequent among very young children (3-24%) suggesting that 

cerebral developmental processes associated with transient tics could be involved in TS 

(Snider et al., 2002). The median age of tic onset in TS patients is 5-7 years but 

symptoms can appear as early as the first year and 96% of all patients will have 

symptoms by the age of 11 (Robertson, 2000). Despite the fact that diagnostic criteria 

have a beginning before the age of 21, rare cases can show tic onset in adulthood 

(Chouinard and  Ford, 2000) .  

An irregular evolution is characteristic of the syndrome, with exacerbation periods 

interspersed with remissions. Tic severity generally peaks between 8 and 15 years 

(Leckman et al., 1998) and the specific role of puberty or adrenarche in tic reduction is 

still unclear (Bloch et al., 2005). In the majority of cases, symptoms subside during 

adolescence and are much less noticeable by adulthood, but a majority of adults still 
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show some tics even if they are unaware of them (Pappert et al., 2003) and fluctuation of 

severity throughout life is typical in TS. 

TS manifests itself in a large variety of phenotypes. Many affected persons will 

never consult for this disorder because of the intermittent nature of their symptoms, their 

ignorance of the syndrome or because of the low impact of symptoms in everyday life. 

Those who consult usually have more severe symptoms. Individuals with tics alone 

without associated comorbidities represent a small minority of patients.  Children are 

often brought to consultation for comorbidities such as learning disabilities or 

behavioural problems such as obsessive-compulsive symptoms, hyperactivity, opposition, 

conduct disorder, and rage outbursts. It is only when discovering the presence of tics that 

the professional will associate these symptoms to co-morbidities of TS.   

There is increasing evidence that TS is part of a family of Tourette spectrum 

disorders (TSD), in which variations in the severity of multiple symptoms including 

among others tics, compulsions or impulsive behaviour can lead to large variations in 

phenotype. Some may even consider that phenotypes with transient tics and significant 

behavioural symptoms should be included in the TSD family.  An improved classification 

and characterization of TSD based on endophenotypes should facilitate progress on the 

etiology and neurobiology of these disorders which is presently impeded by 

amalgamation of diverse phenotypes. 

 

Obsessive-Compulsive symptoms 

Obsessive-compulsive symptoms (OCS) involve sudden, intrusive and repetitive thoughts 

or desires to act. OCS are frequent in TS, especially among girls. OCS tend to increase in 
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severity several years after tic severity has peaked (Bloch et al., 2006). Prevalence of 

OCS in TS has been reported as high as 80% of probands (Gaze et al., 2006), and is 

increased in relatives of TS patients as are tics in relatives of obsessive-compulsive 

disorder (OCD) patients (Pauls et al., 1986; Leckman et al., 1999; Chabane et al., 2005; 

do Rosario-Campos et al., 2005). This suggests that OCS is part of the TS phenotype and 

that TS and OCD are linked etiologically. 

Reports of OCS prevalence vary from 30 % to 80%, which may reflect referral biases or 

adherence to OCS spectrum vs OCD criteria. Obsessions may be concerns about 

contamination, safety/harm, unwanted acts of aggression or self harm (impulse-control 

phobias), thoughts or images of religious and sexual contents, or need for symmetry and 

exactness (ex: the “just right” phenomenon). Compulsions may be cleaning rituals, 

checking behaviors, ordering and hoarding behaviors, useless counting or recitation 

(mental compulsions).  Some level of OCS may be a normal developmental process, and 

was reported as high as 60% in 3 year-old children and even more frequent in children 

with developmental delays (Evans et al., 2001). Like transient tics, transient compulsions 

may be a substrate for the development of clinical symptoms in high-susceptiblility 

individuals. 

The psychiatric definition of OCD may differ in several ways from TS-related OCS. 

Marked distress with the symptoms is imperative for a diagnosis of OCD and may not be 

present in the context of symmetry/hoarding OCS in TS, the most frequent subtype of 

symptoms in TS (Goodman et al., 2006). Although developed to evaluate the severity of 

idiopathic OCD, the Yale-Brown Obsessive-Compulsive Scale (YBOCS) is widely used 

in TS patients (Goodman et al., 1989). It measures both the intensity and functional 
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impact of obsessions and compulsions in a combined score. However, more compulsions 

than obsessions independently of YBOCS score are typical of TS patients and are 

associated with poorer pharmacologic treatment response (Mataix-Cols et al., 1999).  

Tics and compulsions are sometimes on the same clinical spectrum, and distinguishing 

one from the other may be challenging. The purposefulness of an action and its reduction 

of anxiety are hallmarks of a compulsion. Touching both legs with a finger may be a 

complex tic if it seems purposeless. However, the same gesture would be classified as a 

simple compulsion if done in response to a symmetry/just right obsession. However, such 

compulsions may predict a better response to neuroleptics than SSRIs, as would be 

expected of tics (Mataix-Cols et al., 1999). Clear cut premonitory urges may help to 

support a complex tic, rather than a simple compulsion, but sensory phenomena have also 

been documented in OCD, especially the child-onset type (Eichsted and Arnold, 2001). 

Tic-related OCS may be less responsive to medication, but this remains uncertain 

(Shavitt et al., 2006). Some studies suggest that echophenomena and complex tics are 

significantly correlated with OCS in TS (Cath, 2001). Whether it is due to true 

comorbidity  between tics and OCS or definition blurriness is still unclear.  

In idiopathic OCD, obsessions are intrusive thoughts and worries associated with a need 

to verify, check or wash, to act in order to relieve the anxiety or emotional distress. 

Obsessions in Tourette’s syndrome are frequently described as vivid, imposed images or 

brief thoughts of violence or sex that may or may not be associated with distress (Cath, 

2001). These mental events have no particular purpose and may thus qualify as impulse-

control symptoms or mental tics rather than OCS (Cath et al., 1992).  
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ADHD and Cognition 

Attention deficit hyperactivity disorder (ADHD) is strongly associated with tic disorders 

in clinical samples (40 to 60% of children with TS). However, ADHD is often the main 

reason for consultation and among the school age population 2 to 10% of children present 

a clinically significant ADHD (Swanson et al., 1998). The association between tics and 

ADHD in community samples is less clear and may depend on the severity of the tic 

disorder (Peterson et al., 2001; Kurlan et al., 2002; Apter et al., 1993). The etiologic link 

between ADHD and TS is still unknown but there is little evidence of a genetic link 

between the two syndromes and an overlap in cerebral substrates is often hypothesized 

(Stewart et al., 2006).  Like TS, ADHD has a significant heritability, it is linked to fronto-

striatal brain systems and to dopamine systems, and it is characterized by behavioral 

impulse control problems.  

The disruptive behavior of ADHD associated with hyperactivity, impulsivity, insistence, 

and excitability has a widespread psychosocial impact, affecting sleep, school 

performance as well as social and family functioning. The inattentive ADHD subtype 

may be relatively independent of ADHD with hyperactivity-impulsivity and more linked 

to lower IQ and learning disabilities.   ADHD shares common features with tics and 

compulsions, including a heightened reactivity to stimuli and a poor inhibition of urges. 

There appears to be little difference between the ADHD symptoms on non TS patients 

and those of TS+ADHD patients.  

Among TS+ADHD subjects, distractibility, emotional reactivity and impulsivity lead to 

problems in tasks which require sustained attention or attention to details. Impulsivity in 
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particular can often make answers and actions more approximate, poorly planned and less 

adequate in relation to instructions. These problems can lead to academic performance 

that is inferior to the cognitive potential. Several studies with large and well selected 

samples have reported normal cognitive functions in people diagnosed with TS especially 

when they don’t present behavioral co-morbidities (Bornstein, 1990). Intelligence 

measures show a similar distribution to the global population. However, several TS 

patients can show lower performance IQ due to visuomotor problems especially when 

ADHD is present (Brookshire et al., 1994; Como, 2001; Schultz et al., 1998). TS+ADHD 

children are also more inclined to present learning disabilities affecting mathematics and 

reading. Patients with a more severe TS usually show more cognitive problems than 

patients suffering from a more simple syndrome (Harris et al., 1995; Schuerholz et al., 

1998; Sherman et al., 1998). When cognitive dysfunctions are present, problems are often 

similar to those produced by frontal or striatal disorders, which affect the executive 

control of attention and action  (Sutherland et al., 1982; Yeates and Bornstein, 1996). 

However, only a minority of TS patients show clear executive control problems. 

Response slowing and variability in response speed can be observed in patients with or 

without ADHD (Harris et al., 1995; Shucard et al., 1997). The learning and the recall of 

semantic and episodic information are usually adequate in TS. Some learning problems 

have been reported in probabilistic classification tasks  (Keri et al., 2002; Marsh et al., 

2004) but not in all sensorimotor learning tasks (Marsh et al., 2005). 

 

Rage outbursts and self-injurious behaviors 
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Inappropriate aggressive behaviors are frequently encountered in TS patients, mostly in 

the form of rage outbursts, usually directed at others or objects.   Explosive outbursts are 

seen in up to 50% of clinical TS samples (Kenneth et al., 2000; Richer et al., submitted). 

Although they may be surrogate events of other comorbidities, such as impulsivity 

associated with ADHD, oppositional-defiant disorder (ODD) or OCS (frustration over 

unmet needs), they are sentinel symptoms worth looking for, and represent one of the 

most challenging clinical situation in many patients. During these outbursts, the patient  

“looses control” and is usually shameful, when the crisis subsides. In TS, risk factors for 

rage behavior appear to include obstetric complications as well as tic severity, ADHD 

symptoms, male gender, and maternal rage outbursts (Richer et al., submitted). 

Self-injurious behaviors (SIB) should be distinguished from complex tics (such as fist 

pounding on the thigh with secondary bruises) or pathological “grooming” behaviors 

(trichotillomania-hair pulling or skin picking, severe nail biting) (Mathews et al., 2004). 

Rage outbursts and SIB are also seen in many children with neurodevelopmental 

problems such as mental retardation, autism spectrum disorders and anoxic 

encephalopathy (Roberston, 2000).  

 

Anti-social and oppositional behaviors 

Although psychosocial, familial and economic settings may be more relevant as a whole 

to help understand these pathological relational behaviors, antisocial and oppositional 

behaviors are frequently encountered in TS. Some patients may also show symptoms of 

anti-social behaviors (conduct disorder in children, anti-social personality disorder in 
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adults) such as lying, stealing, and fighting. Again, overlap with OCS, ADHD and 

impulse-control disorder probably play a significant role in these behaviors.  

 

Autistic features and deficits in social abilities 

Many patients with autism show various stereotypies, mannerisms, and tics. In children 

with autism spectrum disorders, tic disorders appear to be common, with a prevalence of 

6.5% to 22%  (Baron-Cohen et al., 1999; Canitano and Vivanti, 2007). Conversely, a 

subgroup of TS patients will show concomitant autistic traits and perseverative behaviors, 

and up to 20% will show significant deficits in social skills. (Freeman et al., 2000). These 

individuals may be described as socially inept, show very little insight and tend to invest 

one area of interest to the detriment of other important endeavors which may impact their 

ability to lead normal lives at home, school or work.  An overlap in limbic circuitry or 

genetic contributions could be involved in the comorbidity between TS and autistic 

spectrum disorders. 

 

Anxiety and depression 

Although anxiety and depression symptoms may be increased in TS (Coffey et al., 2000; 

Comings and Comings, 1987), the list of possible contributing factors is endless. In TS, 

anxiety symptoms and psychosocial distress seem particularly relevant since they may 

predict future tic severity (Lin et al., in press). Of interest, ADHD has been proposed as a 

risk factor for generalized anxiety disorder (GAD) in adults and may very well share 

genetic factors. 

  



 12

Sleep disturbances 

Sleep studies have repeatedly described insomnia and lighter sleep, complaints of 

parasomnia (sleep walking, sleep terrors), and agitated sleep in TS. (Kostanecka-Endress 

et al., 2003).  Behaviorally, tics may be seen during sleep. Polysomnographic studies, 

although not all in agreement, show that tics are rare in slow wave sleep (SWS), and seen 

mostly in lighter sleep stages or sleep stage changes. Increases in micro-arousals and 

periodic limbs movements in sleep, suggest NREM sleep instability in TS even without 

ADHD (Lesperance et al., 2006). Studies on the impact of sleep problems in children are 

rare. However, a recent study has shown that discrete sleep deprivation may have a 

profound impact on children’s behavior and academic achievement in an experimental 

design (Fallone et al., 2005). These preliminary data suggest that improving sleep quality 

of TS patients may improve symptoms and should be part of a comprehensive treatment 

algorithm. 

 

Restless legs 

Restless legs syndrome (RLS) is an urge to move a limb, usually one or both legs, 

associated with focal dysesthesia, which is increased by rest and reduced by movements, 

mostly in the evening or at bedtime. We have previously described increased RLS 

symptoms in children with TS (10%) (Lesperance et al., 2004)  independently of ADHD 

co-morbidity, a reported risk factor for adult RLS (Cortese et al., 2005). We have 

proposed parallels between premonitory urges, relieved by tics and the dysesthesia/urge 

to move relieved by simple leg movements or complex motor behaviors (walking, 

stretching, leg rubbing) typical of RLS. Of interest, low doses of dopamine agonists with 
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documented efficacy in RLS, may also have anti-tic properties at low doses (Anca et al., 

2004; Gilbert et al., 2000). 

 

Etiology 

Several studies have confirmed the presence of an important genetic component in TS. 

Whereas more than 50% of identical twins show a concordance for the TS, less than 10% 

of fraternal twins are concordant (Price et al., 1985). The data suggest a heritability 

between 54% and 86%. Studies on TS families indicate that the relative risk in first-

degree relatives is 8.3% for TS and 16.3% for chronic tics. Until now, no major 

vulnerability gene has been identified for TS, but several genes show a significant 

statistical association with this syndrome. TS is probably a complex trait which involves 

several genes (Walkup et al., 1996; State et al., 2001).   

Because of the high number of identical twins discordant for TS, it is probable that 

genetic vulnerability factors interact with epigenetic factors affecting gene expression 

during embryogenesis and environmental factors. Several non-genetic factors are already 

associated with TS including prenatal and perinatal events, hormones, immune responses 

and stressors. There is evidence for greater severity in TS twins with perinatal 

complications compared to the co-twin (Hyde et al., 1992). Perinatal cerebral ischemia 

significantly increases the risk for tics and ADHD (Whitaker et al., 1997). Also, 

obstetrical complications were found to contribute to explosive outbursts in TS (Richer et 

al., submitted).  

The much higher prevalence of TS among boys could be linked to a role of steroid 

hormones (DHEA, sex hormones) in TS (Peterson et al., 1992), although direct evidence 
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of this contribution is still lacking. Steroid hormones have several effects on cerebral 

organization during prenatal and postnatal development.  Moreover, the high sensitivity 

of tics to stress suggests that stress hormones (cortisol, noradrenaline) affect the 

expression of tics. Finally, several data suggest that postinfectious autoimmune responses 

could contribute to TS, but the evidence is still weak (Singer et al., 1998; Dale, 2005). A 

related syndrome, called PANDAS (post-infectious autoimmune neuropsychiatric 

disorders associated with streptococcal infection), was described consequently to a 

streptococcal infection (Swedo et al., 1998) which consists in a sudden onset of tics or 

compulsions after a beta-hemolytic streptoccocal infection. Nevertheless, this syndrome 

remains controversial. 

A preliminary model of TS etiology implicates multiple reciprocal interactions between 

genetic, epigenetic and environmental factors which provoke variable effects on the 

development of biological systems involved in movement and behavior (see Figure 1). 

The multiple interactions would be responsible for the important variability of the TS 

phenotype as well as for temporal fluctuations in the symptoms. TS probably interacts 

with normal brain development (Kurlan, 1994). Tics, repetitive behaviors, impulsivity 

and tantrums have a high prevalence in the general population in the first years of life. 

Susceptibility factors could interact with the neural networks underlying these 

developmental manifestations to modulate their activation thresholds thus affecting 

symptom expression in the long term. Genetic, obstetric and hormonal influences can 

interact during various periods of neural development.  One critical period for these 

interactions is the late prenatal and early post-natal period.  This period is characterized 

by a massive increase in synaptic density (Huttenlocher and Dabolchar, 1997) and this 
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growth is highly sensitive to ischemia (McDonald and Johnston, 1990 and is modulated 

by steroids particularly brain estrogen synthesized from androgens (Beyer, 1999).  Thus, 

the first years of life are both a key period for gene-environment interactions and their 

effects on synaptic development as well as a key period for the expression of non-

pathological (developmental) tics, compulsions, echophenomena, opposition, and 

tantrums. This developmental period should thus be examined further for its role in TS 

symptom expression. 

 

Neurobiology 

No obvious neuropathologic sign is observed during the autopsy of TS patients. 

However, there is mounting evidence that circuits linking frontal and striatal regions are 

involved in the syndrome. Lesions of the pallidum and of orbitofrontal cortex have been 

associated with TS symptoms in case studies (Laplane, 1994; Demirkol et al., 1999; 

McAbee et al., 1999). MRI volumetric studies show significant differences in the 

striatum and pallidum of TS patients in comparison with healthy volunteers (Hyde et al., 

1995; Peterson et al., 2003; Singer et al., 1993; Kalanithi et al., 2005). Caudate atrophy in 

childhood appears to be linked to adult tic severity (Bloch et al. 2005).  Many volumetric 

measures have pointed to local atrophy but there is also evidence for local grey matter 

increases in ventral striatum (Ludolph et al., 2006), thalamus (Lee et al., 2006), and 

midbrain (Garraux et al., 2006).  A reduction of dynorphin in striato-pallidal fibres was 

also reported (Haber et al., 1986) as well as an imbalance in the distribution of 

interneurons in striatum and pallidum (Kalanithi et al., 2005) which could suggest that 
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the functional dynamics of striato-pallidal circuits are altered in TS.  However, these 

findings are still preliminary. 

Functional neuroimaging data also point to a dysfunction of fronto-striatal systems in TS. 

Decreased resting activity has been reported in the basal ganglia, especially in ventral 

striatum (Braun et al., 1993; Diler et al., 2002; Klieger et al., 1997; Moriarty et al., 1995; 

Riddle et al., 1992). Changes in functional coupling involving ventral striatum have also 

been reported (Jeffries et al., 2002). In the orbital frontal cortex, some have found 

increased activity (Braun et al., 1995; Crespo-Facorro et al., 1999), but others found 

decreased activity (Braun et al., 1993). In adults, the severity of tics seems to be linked to 

the metabolism reduction in frontal cortex (Chase et al., 1984). A study observed a 

cerebral activation synchronized to tic onset in many regions in the sensorimotor, 

premotor, prefrontal, cingulate and parietal cortex as well as basal ganglia and insula 

(Stern et al., 2000). Moreover, functional magnetic resonance imaging (fMRI) data 

suggest that the voluntary suppression of tics affects activity in the striatum, the thalamus 

and the frontal cortex (Peterson et al., 1998). TS patients can also present a 

hyperactivation of the sensorimotor and premotor cortex during repetitive voluntary 

movements (Biswal et al., 1998).  

At the neurochemical level, TS may be associated with a dysfunction of dopaminergic 

modulation of striatal and/or frontal activity.  Post-synaptic dopamine receptor binding 

appears to be normal in TS (Wong et al., 1997). However, presynaptic dopaminergic 

activity may be abnormally high in TS especially in ventral striatum (Albin et al., 2003; 

Ernst et al., 1999; Peterson et al., 2001; Serra-Mestres et al., 2004; Singer et al., 2002; 

Cheon et al., 2004, but see Meyer et al., 1999; Stamenkovic et al., 2001). Several studies 
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also point to contributions of other neuromodulation systems in TS. For example, there is 

evidence of a lower serotonin transporter binding in patients with TS, with binding 

correlating inversely with severity (Muller-Vahl et al., 2005). Noradrenergic as well as 

neuropeptide systems have also been implicated (Leckman et al., 2003).  

Pathophysiological models of TS have emphasized the role of striato-cortical circuits in 

the selection of voluntary responses and the concurrent inhibition of competing responses 

(Mink, 2001).  Some have also emphasized a possible imbalance in motor and limbic 

striatal circuits (Groenewegen et al., 2003).  In line with the presence of sensory and 

other subjective phenomena (urges, obsessions) in TS, some have hypothesized that 

sensorimotor gating deficits may be important in TS although the specific processes have 

yet to be determined (Swerdlow & Suntherland, 2006). 

Subtle neurophysiological anomalies have been observed in TS phenotypes including co-

morbidities.  Transcranial magnetic resonance studies have shown anomalies in cortical 

excitability related to hyperactivity in TS such as short-interval cortical inhibition 

(Gilbert et al., 2004, Orth et al., 2005).  These anomalies may also be present in OCD 

(Greenberg et al., 2000) but it is still unclear whether they affect less severe TS 

phenotypes without behavioral comorbidities. TS is also associated with sub-clinical 

anomalies in motor skills, (Sheppard et al., 2000; Serrien et al., 2002), voluntary saccades 

(Dursun et al., 2000; Nomura et al., 2003), blink reflexes (Tulen et al., 1999; Raffaele et 

al., 2006) and postural anomalies (Lemay, et al., in press). Some of these anomalies may 

help identify endophenotypes with some etiological or clinical significance. 

In parallel to the accumulating evidence for a role of fronto-striatal brain circuits in the 

pathophysiology of TS, other evidence has implicated the same systems in ADHD and 
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OCS (Sherman et al., 1998). TS and its co-morbidities thus represent a model for fronto-

striatal neurodevelopmental disorders and any progress on the pathophysiology of TS can 

have a wide impact in the clinical neurosciences. 

 

Treatment  

The first therapeutic approach in TS is education and demystification of the symptoms. 

People in frequent contact with the child should be informed about tics, fluctuations and 

possible co-morbidities. It is important to remind people that it is useless to constantly 

ask the child to try to control his/her tics. Such requests create tension which can 

exacerbate the symptoms. The goal must be to improve the tolerance of the symptoms 

and some special measures can be used in doing so ex: decreasing stressful or 

embarrassing situations, organising private evaluations. Following a complete evaluation, 

the treatment of tics or comorbidities should be prioritized according to the impairment 

caused by each problem. Physicians considering pharmacological treatments should be 

aware of the fluctuating nature of tics and the effect of comorbidities on outcome. 

 

Treatment of tics 

The vast majority of affected people will not require any pharmacologic treatment for the 

tics. On the other hand, if tics have a functional interference, cause pain or induced social 

difficulties, a medical treatment should be considered. 

Dopamine modulating agents 

Traditionally dopamine-blocking medications have been the first line treatment for tics 

disorders and are the class of agents with the most compelling evidence for effectiveness 
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in double-blind controlled studies. The most three studied agents are haloperidol, 

pimozide and risperidone (Gibert, 2006). 

Because of their presumed lower long term side effects profile, atypical neuroleptics such 

as risperidone 0.5 to 4 mg  (Bruun and  Budman, 1996; Scahill et al., 2003) or olanzapine 

2.5 to 10 mg will be privileged. The risk of long term side effects especially tardive 

syndrome in people with Tourette’s syndrome is unknown, and these agents should be 

kept at the lowest dose possible and an attempt at tapering off those drugs should be 

made periodically. The role of other atypical neuroleptics such as quetiapine (Mukaddes 

and Abali, 2003; Schaller and  Behar, 2002) still need to be studied in larger studies.  

Tetrabenazine 12.5 mg at increasing doses with a maximum of 25 mg TID is a 

monoamine depletor which operates mainly by inhibiting dopamine liberation. This drug 

may be efficient for the treatment of tics and unlike neuroleptics, doesn’t pose any major 

long term risk at lower doses (Jankovic et al., 1984). The exact role of Tetrabenazine in 

the therapeutic arsenal of tics however needs to be studied with good prospective studies. 

Also, this drug has a potential of inducing depression and parkinsonism at high dose 

Alpha-2 adrenergic agonists 

Because of contradictory results, the role of alpha2-adrenergic agents clonidine and 

guanfacine in the treatment of tics is debatable. However, in practice, because of a better 

side effect profile and no long term potential risk; it is often a first line treatment option 

especially in patients with co-morbid symptoms of ADHD  (Leckman et al., 1991; Scahill 

et al., 2001 ; Tourette Syndrome Study Group, 2002; Goetz et al., 1987; Singer et al., 

1995; Shapiro and Shapiro, 1984). 

 



 20

 

Other agents 

Numerous other agents have been studied for the control of tics. However, it is difficult 

to derive any strong conclusion since most of the studies have been either open-label 

studies or double-blind studies with few patients and that have not been replicated. These 

agents are flunarizine (Micheli et al., 1990), naloxone (Sandyk, 1985), delta-9-

tetrahydrocannabinol (Muller-Vahl et al., 1999) baclofen (Awaad, 1999; Singer et al., 

2001), Ondansetron (Toren et al., 2005), levetiracetam (Awaad et al., 2005) and 

dopamine agonists (Gilbert et al., 2003). Although sometimes used in children and  

adults, there has been no controlled study of the efficacy of benzodiazepines in the 

treatment of tics (Gonce and Barbeau, 1977). Botox has also been suggested as an 

alternative treatment for vocal and localized motor tics (Marras et al., 2001; Vincent, 

2006). 

Behavior therapy 

There is strong evidence from randomized controlled trials to support the use of behavior 

therapy, specifically habit reversal training, as an alternative or adjunct treatment in 

Tourette syndrome. (Himle et al., 2006; O'Connor et al., 2001; Deckersbach et al., 2006; 

Wilhelm et al., 2003). However, this often requires an important investment of time and 

the long term effects of these interventions are still unknown. 

Neurosurgical treatment: 

Multiple neurosurgical target sites including the frontal lobe bimedial frontal leucotomy 

and prefrontal lobotomy, limbic system anterior cingulotomy and limbic leucotomy, have 

been tried in patients with severe tics with some results. None of these procedure have 
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however been studied in a large control-case studies (Temel and Visser-Vandewalle, 

2004). More recently, because of lower side effects profile and potential access to deeper 

region, deep brain stimulation has been advocated as an alternative surgical treatment for 

cases with severe uncontrolled tics (Vandewalle et al., 1999; Shahed et al., 2007). A 

recent review has shown this procedure to be highly effective in select cases.  (Neimat et 

al., 2006). Nevertheless, to fully understand the role of brain stimulation in TS will 

involve developing more complete pathophysiological models and completing larger 

trials to specify what sites and approaches work best for different phenotypes.  

 

Treatment of anxiety/depression and OCS 

Even if tic reduction is the initial goal for the family, the school or the patient, targeting 

co-morbid conditions may prove to be more beneficial, overall. For OCS, behavior 

therapy such as exposure and response prevention has clearly shown to be effective 

(Hembree et al., 2003).  When anxiety is present at high levels, SSRIs (such as s-

citalopram, fluoxetine, sertraline, etc.) or SNRIs (venlafaxine, duloxetine) should be 

tried. Starting at a very low dose may help to prevent paradoxical agitation at the onset of 

treatment, followed by adequate up-titration. It may reduce anxiety and irritability, and 

indirectly tic severity. Low dose benzodiazepines (such as clonazepam 0.25-0.5 BID) 

may also reduce both anxiety, and tic severity, but impulse-control symptoms should be 

closely monitored, since they may be exacerbated with such compounds (Dietch and 

Jennings, 1988). For depression, several consensus guidelines have been published, 

where SSRIs or SNRIs are usual first line treatments (APA, 2000), but in children only 

fluoxetine has clearly shown separation from placebo (Emslie et al., 2002). SSRIs and 
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SNRIs have been studied in idiopathic OCD where, as stated before, distress, doubt and 

anxiety are significantly more intense than in Tourette-related OCS. In fact, 

hoarding/symmetry OCS, mostly seen in TS, are predictive of poorer treatment response 

to SSRIs (Shavitt et al., 2006).  Nevertheless, they should be tried, with the usual caveats 

of a possible increase in suicidal ideation, especially in children. Atypical neuroleptics 

may be beneficial in OCS, alone or in combination with SSRIs , especially in the TS 

hoarding-just right subtype: as stated before such compulsions may be predictors of 

response to neuroleptics rather than SSRIs, as would be expected of tics (Mataix-Cols et 

al., 1999). 

 

Treatment of impulse-control problems 

Familial intervention should be tried first when facing a difficult situation of impulse-

control in TS patients. Pharmacological interventions may be necessary, but efficacy and 

safety data in children are scant (Ipser and Stein, 2006). For rage outbursts and SIB, 

atypical neuroleptics may be considered, with regular monitoring of potential tardive 

motor complications and metabolic syndrome.  

 

Treatment of anti-social behavior, oppositional behavior and ADHD 

Again, social and familial interventions are key for patients showing relational behavioral 

problems like anti-social and severe oppositional behaviors. If, as suggested before, 

oppositional behaviors are intertwined with OCS, the logical step is to start with the OCS 

algorithm. If suspecting co-morbid ADHD, then ADHD treatment may be beneficial. 
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A consensus ADHD algorithm for Tourette’s patients has been recently published and 

suggests starting with psychostimulants (methylphenidate or amphetamines, preferably 

long-acting) followed by atomoxetine and clonidine/guanfacine (Pliszka et al., 2006). 

Slow-release or extended-release bupropion may also help in ADHD.   Although tic 

severity may increase with psychostimulants, a Tourette study group study has actually 

documented, on average, less tics on psychostimulants than placebo (Kurlan et al., 2002).  

 

Treatment of RLS and Sleep disturbances 

TS patients with RLS, if severe enough, may seek specific treatment. Dopamine agonists 

are particularly effective (Chahine and Chemali, 2006). Levodopa may be considered, but 

augmentation and morning rebound will develop in more than 50% of patients (Paulus 

and Trenkwalder, 2006). Clonazepam is helpful for light to moderate nighttime RLS 

associated with insomnia. Gabapentine has shown some effects and opiates are effective 

for refractory patients (see Vignatelli et al., for treatment guidelines, 2006).  

Many drugs used for tic reduction will show hypnotic or sedative properties, such as 

atypical neuroleptics, clonazepam, baclofen and clonidine/guanfacine. On the other hand, 

psychostimulants and antidepressants, especially SSRIs and SNRIs, may reduce sleep 

continuity or cause insomnia. Benzodiazepines typically reduce the severity of NREM 

sleep parasomnias, sometimes encountered in TS children. Finally, in children with 

developmental delays, melatonin has been shown to stabilize sleep and may be tried, 

especially in patients with sleep patterns suggestive of phase-delay or free-running 

sleep/wake cycles (Armour and Paton, 2004).    
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Table 1: Differential Diagnosis of Tics and Tourette Syndrome 
 

Diagnosis Type 

Transient tics of childhood  

Childhood onset stereotypies  

Autism spectrum disorders  

Prenatal/perinatal insults 

 
Congenital CNS defects 
Birth defects 
 

Infections 

 
Post-viral encephalitis 
HIV infections of CNS 
Lyme disease 
 

Head trauma  

Toxin exposure 

 
Carbon monoxide 
Gasoline 
 

Drugs 

 
Neuroleptics ("tardive tics") 
Levodopa 
Opiate withdrawal 
Amphetamines 
Lamotrigine 
 

Chromosomal abnormalities 
 
XYY, XXY, Fragile X syndrome 
 

Genetic disorders 

 
Hallervorden - Spatz disease 
Wilson's disease 
Hyperekplexias 
Rett syndrome 
Huntington’s disease 
Neuroacanthocytosis 
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Figure 1.  Pathogenesis of TS 
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