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1. Introduction 

1.1 The challenge of characterizing Gilles de la Tourette Syndrome 

One of the top priorities, for current research in Gilles de la Tourette Syndrome (GTS), is to 
disentangle the intricate interactions between regions of the frontal cortex and the basal 
ganglia. This approach will reveal how these interactions act in concert to regulate motor, 
emotional, and cognitive action plans (Keen-Kim & Freimer, 2006; Leckman, 2002; State, 
2011). Another key issue is the understanding of these brain mechanisms with GTS in the 
presence of obsessive-compulsive disorders (OCD) (Gaze, Kepley, & Walkup, 2006). The 
heuristic value of our proposed approach resides in the fact that cognitive and cerebral 
functions are two salient features easily quantified with non invasive protocols. As 
proposed by Swain et al., (Swain, Scahill, Lombroso, King, & Leckman, 2007) ‘’a determined 

effort to explore the electrophysiology of this disorder using EEG/MEG recordings is our next best 

step’’. We will first review the current state of the literature regarding specific cerebral 
structures underlying GTS symptoms. Secondly, we will expose a strategy to integrate brain 
imaging, electrophysiology and neuropsychology in the exploration of the GTS brain in 
action. Third, we will investigate clinical and phenomenological aspects of comorbidity in 
GTS patients. We will thus, expose a functional method based on multimodal assessments to 
characterize the relationship between tic expression, brain activity and different levels of 
cognitive processing such as motor activation, memory and emotions. 

1.2 Definition 

In 1885, Dr. Georges Gilles de la Tourette described nine patients with motor and vocal tics, 
some of which had echo phenomena (a tendency to repeat things said to them) and 
coprolalia (utterances of obscene phrases) (Gilles de la Tourette, 1885). This syndrome is 
currently classified in the DSM-IV-TR (APA, 2000) with disorders first diagnosed in infancy, 
childhood or adolescence. The essential features are the presence of simple or complex 
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multiple motor tics and one or more vocal tics. Simple tics are defined as repetitive non-
voluntary contractions of functionally related groups of skeletal muscles in one or more 
parts of the body including blinking, cheek twitches and head or knee jerks among others 
(Leckman et al., 1997; Shapiro & Shapiro, 1986). Complex tics may take the form of self-
inflicted repetitive actions such as nail biting, hair pulling, head slapping, teeth grinding or 
tense-release hand gripping cycles. Tics appear many times a day with onset longer than a 
year and prior to 18 years old.  

1.3 Genetics in GTS 

Since the first systematic report of tics in the 19th century by Itard (Itard, 1825) and later 
by Gilles de la Tourette (Gilles de la Tourette, 1885), generational transmission of the 
disease was suspected. More than one century later, genetic factors in GTS remain 
hypothetical. A large twin study showed concordance rates that are three to four times 
higher for monozygotic than to dizygotic twins (Price, Leckman, Pauls, Cohen, & Kidd, 
1986). Studies investigating affected families with GTS suggests that the trait is inherited 
in an autosomal dominant pattern with variable expression (Eapen, Pauls, & Robertson, 
1993; Alsobrook & Pauls, 1997). Analysis of vertical transmission patterns in families has 
revealed that OCD and GTS may share some underlying genetic vulnerabilities (Pauls, 
1992). The pattern of comorbidity and other evidence indicates that GTS genes may be 
responsible for a spectrum of disorders, including OCD and Attention Deficit 
Hyperactivity Disorder (ADHD) even if OCD and ADHD can equally exist with their own 
etiologies. The inherited trait may not cause any disorder or may manifest as GTS, chronic 
multiple tic disorder, ADHD and/or OCD (Keen-Kim & Freimer, 2006). In a 
comprehensive review, Pauls (2003), underlined that genetic factors play an important 
role in the manifestation of GTS and that several genes are important with some possibly 
having major effect; and several regions of the genome have been identified as potential 
locations of these susceptibility genes.  

More specifically, sequencing of SLIT and TRK like family member 1 (SLITRK1), revealed a 
single base deletion as well as two independent occurrences of a mutation called the var321 
(Abelson et al., 2005), likely associated with GTS. SLITRK1 expression was confirmed in 
cortical striatal circuits, which is consistent with regions implicated in GTS pathology 
(Stillman et al., 2009). An animal model of SLITRK1 deficiency shows altered noradrenergic 
function phenotype related to alpha-agonists, which are used in the treatment of Tourette 
syndrome (Katayama et al., 2010). However, the SLITRK1 gene expression in GTS remain 
under question since other research was not able to replicate these results in human (Scharf 
et al., 2008). Other candidate genes have been tested with mixed or equivocal results such as 
genes related to dopamine and serotonin transporters, glycine receptor, 5q33-q35 
neuroreceptors, adrenergic receptors, methyl-CpG binding protein 2, and human leukocyte 
antigen (Keen-Kim & Freimer, 2006; Pauls, 2003). 

In brief, GTS is a genetically complex disorder that probably arises with multiple genes 
interacting with environmental components. Recent development could certainly show 
promises for success in finding the responsible genes and sequence variants, resulting in 
better targeted treatments. 
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1.4 Epidemiology and prevalence 

Depending on the sample characteristics, between 0.15% and 1.1% of all children have GTS 
and boys outnumber girls by at least 4:1 (Kadesjo & Gillberg, 2000), with the most severe 
period of tic severity occurring at 10 years old (Leckman et al., 1998), followed by a decrease 
until the adult age with approximately 40% eventually becoming symptom-free (Burd et al., 
2001). Although whether tics disappear or adapt in adults remains controversial (Pappert, 
Goetz, Louis, Blasucci, & Leurgans, 2003). Tics are also sensitive to a number of exacerbating 
factors including everyday psychosocial stress, anxiety, emotional excitement, and fatigue 
(Findley et al., 2003). Once considered very rare, the incidence of GTS in adults is about 0.1-
1% (Leckman et al., 1998). The lifetime prevalence of GTS in adults is not known, but 
estimates vary between 5% and 10% of the population. In a recent study, O'Connor (2005) 
found a self-report life-time prevalence rate of 8%. Other recent estimates have placed the 
prevalence of GTS at 1% and chronic tic disorders at 10% of the population (Robertson, 2003; 
Robertson & Stern, 2000). 

1.5 Secondary distress caused by tics 

Tics are rarely life-threatening except in cases where they may provoke auto-mutilation. 
Psychosocial distress however can be considerable and can involve secondary phobias, 
depressions, social anxieties and worries over self-image, and relationship problems. In our 
estimation of the interference of tic and habit disorders in daily activities, we found 
problems ranging from unemployment, marital conflict, interpersonal difficulties, employer 
relations, travel restrictions, problems attending social or public functions, performance 
worries (e.g. about driving, speaking, teaching, dancing, sport) all of which were perceived 
(by the affected person) to be a result of the tic habit (O'Connor, 2005; O'Connor et al., 2001). 
People with tics often experience low self-esteem and are (or become) hyperattentive to the 
judgment of others with consequent low self-satisfaction (Thibert, Day, & Sandor, 1995).  

1.6 Comorbidity and associated disorders 

The presence of tic symptoms alone is often the exception rather than the rule (Scahill, 
Sukhodolsky, Williams, & Leckman, 2005) and the expression of tics is a constituent part of 
a larger mosaic of collateral symptoms. Comorbidity is defined as an additional coexisting 
diagnosable problem distinct from the principal complaint. So, in addition to this clinical 
picture defined herein, GTS often appears in association with other psychopathologies, 
typically referred to as the ‘’GTS+’’ group (Robertson, 2003). Freeman et al., (2000) 
established that anger control problems, sleep difficulties, coprolalia, and self-injurious 
behavior, reached high levels in GTS individuals with comorbidity. Large epidemiological 
studies also showed that the most frequent comorbidity in GTS is ADHD in children and 
OCD in adults, affecting each about 50% of GTS patients (Alsobrook & Pauls, 2002; 
Freeman, 2007; Freeman et al., 2000). Studies are frequently compromised because of not 
factoring out comorbidity. There are however challenges in detecting and diagnosing 
comorbidities in GTS. For instance, early research (e.g., (Shapiro & Shapiro, 1992) argued 
that high rates of comorbidity of GTS with OCD result from mistaking impulsion for 
compulsion particularly in the case of complex tics, and this may explain the wide range in 
prevalence estimation. Another difficulty is that the multiple forms of tics (phonic, motor, 
sensory, cognitive, simple, complex) can be mistaken for symptoms of other disorders. 
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1.7 Externalizing and aggressive behavior in GTS 

The challenge of characterizing GTS per se is often confounded by externalizing symptoms 
that superimpose on tics and there is a clear consensus on the importance of considering 
these symptoms. Stephens and Sandor (1999) found that conduct disorder was significantly 
higher in the GTS+ comorbidity group than in the GTS-only or control groups, with more 
problems reported in older children. These findings provide evidence that aggressive 
behavior observed in children with GTS may be associated with comorbidity, independently 
of tic severity or age. Consistently, Carter (2000) demonstrated that children with 
GTS+comorbidity showed more behavior problems and poorer social adaptation than 
children with GTS only or unaffected controls. Children with GTS only were not 
significantly different from controls on most measures of externalizing behaviors and social 
adaptation, but did exhibit more internalizing symptoms. Moreover, tic symptom severity 
was not associated with social, behavioral, or emotional functioning among children with 
GTS, even after stratifying by medication status. These findings suggest that much of the 
social and behavioral dysfunction in children with GTS could be ADHD or OCD-specific 
and children with GTS alone may have a very different social-emotional profile than those 
with GTS+comorbidity. The impact of such comorbidity is especially evident in children 
where the co-occurrence of GTS with OCD, particularly in the presence of ADHD, increase 
the likelihood of explosive behavior (Budman, Bruun, Park, & Olson, 1998; Budman, 
Rockmore, Stokes, & Sossin, 2003). In explosive behavior, the child, for no apparent reason 
and for a brief period, flies into a state of seemingly uncontrollable, sometimes aggressive, 
anger, only to resume a normal demeanor a few minutes later. But rage and explosive 
behavior may be an emotional tic, similar in form and onset to motor tics and hence form 
part of GTS (Budman, Bruun, Park, Lesser, & Olson, 2000). The difficulty for diagnosis is 
that non-tic features of GTS may nonetheless be characteristic of GTS rather than other 
problems. For example, motor restlessness which is a symptom of sensorimotor activation 
accompanying GTS is also a symptom of ADHD. Clearly, an important step in clarifying 
diagnosis and the role of comorbidity is to develop a coherent account of the various 
manifestations of GTS, and in particular the precise form and function of tics. 

1.8 The consequence of collateral symptoms in GTS 

The impact of comorbidity in GTS touches on clinical manifestations and management. 
Cases with comorbidity are likely to show more severe symptoms, show poorer prognosis, 
and are more likely to be treatment-resistant (Leclerc, Forget, & O'Connor, 2008). Children 
with GTS and comorbidity, in particular OCD and ADHD, show more behavioral problems 
and poorer psychosocial adaptation whether at school or in other domains. There is also the 
question of what problem to treat first, and whether treating one problem impacts on the 
treatment of other problems. For example, treatment strategies for treating hyperactivity 
involve medication, which can (at least temporarily) exacerbate tics. In addition, particularly 
in children, it is frequently comorbid behavioral problems (e.g., explosive outbursts) which 
are most disruptive for the family. The presence of other problems in GTS also adds to 
feelings of stress, inability to cope and low self-esteem. A further consequence is that 
existence of at least one comorbidity increase the probability of further comorbidity, such as 
OCD and hyperactivity, that substantially increases the risk of concurrent explosive 
outbursts (Budman et al., 2003). 
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The clinician is frequently confronted with the issue of which problem to treat first. Usually 
there are multiple comorbidities and their assessment are often unreliable, in part because it 
is unclear which comorbidities are distinct from GTS or part of the same problem. For 
example, all the comorbidities in GTS have distinct tic-like features. Explosive outbursts 
may be viewed as emotional tics and what appear as OCD-like behaviors in GTS may in fact 
be complex tics, and hyperactivity may be a by-product of the heightened sensorimotor 
activation often found in GTS (O'Connor, 2002). 

Tics are usually preceded by “premonitory urges,” described by patients as growing tension 
of the ticcing muscle or as increased anxiety, which is temporarily relieved after 
performance of the tic (Leckman, Bloch, Scahill, & King, 2006). These manifestations are very 
similar to OCD, in which subjects feel increased anxiety and discomfort until certain 
compulsions are performed (King & Scahill, 2001). More precisely, the manifestation of OCD 
symptoms is characterized by recurrent intrusive thoughts (e.g. obsession) accompanied by 
repetitive, seemingly purposeful behaviors (e.g. compulsion), sufficiently severe to interfere 
with daily functioning. OCD appears in In half of GTS (Apter et al., 1992) in comparison 
with 3-4% in the non-GTS adult population (Karno, Golding, Sorenson, & Burnam, 1988; 
Zohar et al., 1992). Three main questions arise from these findings. How to discriminate 
OCD characteristics from typical symptoms of GTS? How to objectively characterize 
expression of motor tics in GTS and GTS+OCD? And finally, how to characterize these 
comorbid groups with neurocognitive measures. This will constitute one of the primary 
focuses of the current chapter. 

2. Neurobiological basis of Tourette 

2.1 Can we identify specific cerebral structures underlying GTS symptoms?  

Studies using magnetic resonance imaging (MRI), have identified minor reduction in the 
putamen and the caudate nuclei when confounding variables such as sex, age, OCD, 
attention-deficit hyperactivity disorders (ADHD) and streptococcal infection were taken into 
account (Peterson et al., 2000). Other MRI and positron emission tomography (PET) studies 
consistently reported volumetric and metabolic reductions in lentiform (Braun et al., 1995; 
Eidelberg et al., 1997) and caudate nuclei (Bloch, Leckman, Zhu, & Peterson, 2005; Hyde et 
al., 1995; Stoetter et al., 1992). The basal ganglia are not the sole cerebral structures involved 
in the pathogenesis of GTS. An extensive investigation (Peterson et al., 2007) comparing a 
large sample of GTS and controls aged between 6-63 years old, showed increased volumes 
of the head and medial surface of the hippocampus and the dorsal and ventral surfaces of 
the amygdala. Volumes of these subregions declined with age in the GTS group but not in 
controls, so the sub-regions were larger in GTS children, but significantly smaller in GTS 
adults than in the control group. In children and adults, volumes in these subregions 
correlated inversely with the severity of tic, suggesting that enlargement of these structures 
have a neuro-modulatory effect on tics. In addition to these networks, motor and 
sensorimotor cortices have showed metabolic increases associated with heightened 
activation in premotor cortex and supplementary motor area (SMA) with PET imaging 
(Braun et al., 1993; Eidelberg et al., 1997; Stoetter et al., 1992). Cortical thinning in 
sensorimotor areas was also correlated with tic severity and was most prominent in ventral 
portions of the homunculi that control the facial, orolingual and laryngeal muscles 
commonly involved in tic expressions (Sowell et al., 2008). In a recent review of 
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neuroimaging studies, Sheppard et al., (1999) underlined that GTS patients may develop 
clinical levels of OCD and/or ADHD since all three disorders involve neuropathology of the 
Basal-Ganglia Thalamo Cortical (BGTC) pathways. For instance, GTS patients may have a 
dysfunction in sensorimotor and limbic BGTC circuits; OCD in the prefrontal and limbic 
BGTC pathways; and ADHD in the sensorimotor, orbitofrontal, and limbic BGTC circuits. 

In summary, the most recent volumetric observations in structural brain imaging suggest 
that complex networks related to sensorimotor functions are involved in GTS rather than a 
defined region of interest. The next important question is to address the functional problem 
of how these altered cerebral networks affect cognitive processing in GTS.  

2.2 Neuropsychology of GTS  

A comprehensive understanding of this syndrome requires a multidimensional approach, 
ranging from clinical psychology and psychiatry to neurology and cognitive neuroscience. 
For instance, several studies have uncovered cognitive specificities in GTS such as deficit in 
learning for mathematics and written language (Brookshire, Butler, Ewing-Cobbs, & 
Fletcher, 1994; Como, 2001), verbal fluency (Bornstein, 1991b; Brookshire et al., 1994) and 
nonverbal memory (Harris et al., 1995; Lavoie, Thibault, Stip, & O'Connor, 2007; Schuerholz, 
Baumgardner, Singer, Reiss, & Denckla, 1996). Other investigations proposed that GTS 
children achieved normal performances on tasks evaluating abstract concepts (Bornstein, 
1990; Bornstein & Baker, 1991; Braun et al., 1993; Harris et al., 1995; Schuerholz et al., 1996; 
Yeates, 1994), planning and response inhibition (Ozonoff & Jensen, 1999) as well as verbal 
fluency (Braun et al., 1993; Mahone, Koth, Cutting, Singer, & Denckla, 2001), whilst, on the 
other hand, others proposed several types of executive function impairments (Baron-Cohen, 
Cross, Crowson, & Robertson, 1994; Bornstein, King, & Carroll, 1983; Brookshire et al., 1994; 
Schuerholz et al., 1996; Sutherland, Kolb, Schoel, Whishaw, & Davies, 1982). Additional 
investigations have reported abnormalities with motor skills tasks like the Purdue and 
Groove Pegboard (PGP) in children (Bornstein, 1990; Hagin, Beecher, Pagano, & Kreeger, 
1982), pre-adolescents (Bornstein, 1991a) and adults (O'Connor, Lavoie, Stip, Borgeat, & 
Laverdure, 2008). Perhaps the most interesting observation is the finding that poorer 
performances on the PGP, during childhood, predicted worse adulthood tic severity and 
psychosocial functioning (Bloch, Sukhodolsky, Leckman, & Schultz, 2006).  

2.3 Integration of neuropsychology and functional imaging 

Individuals with GTS do not necessarily have a characteristic neuropsychological profile 
which distinguishes them clearly from other psychiatric groups. The large array of 
behavioral problems in GTS touches various cognitive functions and the apparent lack of 
consistency in the neuropsychological results could be due to methodological problems 
considering that, in some cases; studies did not include a control group and often included 
small samples. Another possible confounding element could be related to the lack of 
sensitivity of the neuropsychological tests to tap subtle abnormalities often present in these 
groups. One solution is to adapt neuropsychological tasks to functional magnetic resonance 
imaging (fMRI) in order to record live brain activity during tic generation or cognitive and 
motor processing. In an elegant study using fMRI with GTS adults, Peterson et al. (1998) 
compared brain activity during blocks of time, during which tics were voluntarily 
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suppressed or not suppressed. During tic suppression, prefrontal cortical, thalamic and 
basal ganglia areas were activated and less activation corresponded with higher tic severity 
which was consistent with volumetric studies.  

In addition, there is often a problem in planning and execution of motor action in GTS. One 
of the first fMRI study investigating motor functions in GTS showed heightened activation 
in premotor cortex and SMA during a finger tapping task (Biswal et al., 1998). This, 
however, could depend on a non selective overactivity of the motor system or on a problem 
in modulating effort. To address that question, Serrien et al., (Serrien et al., 2002) showed 
that the SMA of the GTS patients have small or greatly reduced activation when executing a 
manipulative task as compared with a baseline condition. Nonetheless, cortical areas 
involved in movement preparation were continuously activated. It was hypothesized that 
the constant activation of SMA may explain the involuntary urges to move, preventing an 
accurate planning of voluntary behavior. These first fMRI results suggest that the problem 
may not be unidirectional with over- or under- activation of motor-related brain networks, 
but can also relate to a problem of modulation of effortfull and goal directed behavior. This 
also suggests a deficit not only in motor response inhibition but also in cognitive control. 
Recent brain imaging findings seems to point towards greater activation of bilateral 
frontostriatal regions in GTS, which accompanied poorer performance on the Stroop, a well 
known task of cognitive inhibition. This finding implied that greater activation of the 
frontostriatal system helps to maintain task performance in individuals with GTS (Marsh, 
Zhu, Wang, Skudlarski, & Peterson, 2007). Another study (Baym, Corbett, Wright, & Bunge, 
2008) confirmed that GTS children exhibit increased activation in the direct pathway 
through the basal ganglia, as well as increased activation in the prefrontal cortex and the 
subthalamic nucleus during an inhibition control task. In that study, higher tic severity was 
associated with enhanced activation of dopaminergic nuclei, cortical, striatal and thalamic 
regions (i.e. direct pathway) and with greater engagement of the subthalamic nucleus area, 
suggestive of a compensatory mechanism.  

In summary, findings from both neuropsychology and neuroimaging suggest the presence 
of a dysfunction in a cortico-striatal-thalamo-cortical (CSTC) circuit loop. More precisely, 
recent findings pinpoint a chronic overactivation in cerebral regions associated with motor 
processing. Finally it seems that a problem of cognitive inhibition is present, which is likely 
to interfere with accurate planning and execution of voluntary movements. The next 
challenge is to seek integration of these functional neuroimaging results with real-time 
information processing in GTS. 

2.4 Cognitive electrophysiology and experimental neuropsychology in GTS 

As demonstrated in the previous section, despite recent developments in the understanding 
of GTS, most hypotheses consider the behavioral, cognitive and neurobiological levels 
independently, whereas an integrative model of GTS, that combines all levels of functioning, 
would address the relationship between these levels. Tools for such multi-level research 
would require sensitivity to high-speed cognitive processing, which changes in a matter of 
milliseconds in synchrony with a specific time-lock event. One solution is the Event-Related 
Potentials (ERP) which are cortical electrical deflections derived from the time-locked 
averaged EEG signal and labeled by their polarity and temporal ranges in milliseconds (i.e. 
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P300) (Sarason, Johnson, & Siegel, 1978). An initial study, using an auditory oddball1 
paradigm, with GTS patients, has shown an abnormal N100/P200 complex, while finding 
an intact P300 (Van de Wetering, Martens, Fortgens, Slaets, & van Woerkom, 1985) so, 
suggesting a deficit in attention and vigilance, but with intact memory updating processes. 
Other studies found larger N100 amplitude to both target and non-target stimuli, proposing 
that GTS patients allocate more attention than controls in processing both relevant and non 
relevant stimuli (van Woerkom, Roos, & van Dijk, 1994). However, recent findings with an 
auditory-visual oddball (Johannes, Wieringa, Nager et al., 2001), found a reduced amplitude 
of the P300 indicating an increased interference of visual task demands with auditory target 
perception, which suggested a deficit in cognitive control in GTS patients.  

Despite these interesting results, it has been unclear whether this particular problem is 
associated with a cognitive control deficit and/or with a core motor deficit interfering with 
cognitive control. An alternative hypothesis is that these results are not only the reflection of 
a deficit per se, but represent instead a mechanism that acts to overcome a motor inhibition 
problem. For instance, the readiness potential (RP) activation was consistently larger over 
frontal and smaller over central areas in the GTS group (see Rothenberger et al., 1982; 1986) 
supporting a possible frontal compensation hypothesis. However, the extent to which the 
motor preparation is linked with actual cerebral activity has not been systematically 
analyzed. In one of our earlier studies, we showed that patients with chronic tic disorder 
failed to show any relationship between reaction times and cortical activation (i.e. RP) 
during a fore period reaction time task (O'Connor, Lavoie, Robert, Stip, & Borgeat, 2005). 
This finding supports the possibility that people with tic disorders may not be able to 
modulate cortical activation optimally when planning and executing motor responses.  

The caveat with the RP, nonetheless, resides in its high variability, probably reflecting 
overlapping of non motor as well as motor activity. Also, its early onset may implicate 
general anticipatory processes rather than the specific cortical preparation preceding 
movement (Trevena & Miller, 2002). To circumvent this problem, the Lateralized Readiness 
Potential (LRP), which has its generators in the primary motor cortex (Requin & Riehle, 
1995), the SMA (Rektor, 2002) and the basal ganglia (Rektor et al., 2003) represents an 
excellent candidate measure of motor processing, that could be affected in GTS. Specifically, 
the LRP has been shown to be a marker of selective motor activation, representing the 
differential engagement of the left and right motor cortices in the preparation and initiation 
of motor responses (Coles, 1989; Kutas & Donchin, 1980). The LRP could be analyzed time-
locked to the stimulus or to the response, reflecting two levels of processing (at premotor or 
at the motor level). Using LRPs, the team of Johannes et coll. (Johannes, Wieringa et al., 
2001b) failed to show any response-specific difference to GTS patients. In this paradigm, 
however, stimulus-locked LRPs were pooled across conditions and the peak amplitude was 
analyzed as a non-specific measure of motor processing, which may have reduced its 
sensitivity to detect any subtle motor processing differences. To resolve this limitation, we 
investigated LRPs in GTS adults across diverse conditions of stimulus-response interference 
(Thibault, O’Connor, Stip, & Lavoie, 2008). GTS groups showed faster response times and 

                                                 
1 During the oddball task, a train of rare stimuli is presented among frequent ones. The task is to 
identify rare-targets among frequents. This normally triggers the P300 component, which shows larger 
amplitude to the rare than to the frequent stimuli.  
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earlier LRP onset to the incompatible condition, which was correlated with tic severity. These 
findings support the hypothesis of faster motor program retrieval, congruent with the 
hypothesis of a neuro-modulatory mechanism. This allow a compensation mechanism to 
achieve normal or above normal motor performance (Biswal et al., 1998; Eidelberg et al., 1997). 
Interestingly, these results are consistent with observations that, for instance, activities that 
require focused attention and fine motor dexterity, such as playing a musical instrument are 
frequently associated with the momentary disappearance of tics (Swain et al., 2007). 

In sum, previous ERP studies showed, first, that people with GTS may not be able to 
modulate cortical activation optimally, when planning and executing motor responses, and 
secondly, they need to compensate to achieve normal of better performances. However, 
some results are contradictory and could be related to the presence of other symptomatic 
elements or to an erroneous diagnosis. To understand the specificity of other findings, we 
propose to propose to take into account more thoroughly the presence of other conditions 
often associated with problems of inhibition.  

2.5 The puzzling problem of inhibition in GTS and OCD 

Even if earlier findings are consistent with an inhibitory dysfunction hypothesis in GTS, 
there are a lot of inconsistencies in the literature and many studies find no evidence of such 
deficit in children (Channon, Pratt, & Robertson, 2003; Ozonoff & Jensen, 1999) and adults 
(Channon, Flynn, & Robertson, 1992; Channon et al., 2003; Ray Li, Hsu, Wang, & Ko, 2006). 
What could be the reason of these inconsistencies? To address that point, Ozonoff and 
collaborators (Ozonoff, Strayer, McMahon, & Filloux, 1998) suggested that inhibitory deficits 
could be largely caused by the presence of comorbid disorders that often arise in GTS. 
Indeed, the authors found no performance difference between relatively pure GTS (without 
comorbidity) and control children, in a negative priming task. In fact, only the GTS+ADHD 
and/or the OCD showed signs of an inhibitory dysfunction compared to controls and GTS 
without comorbidity. Again, the comorbidity factor appears very important in altering the 
neurocognitive profile of GTS. In general, frequent comorbidities between GTS and OCD, 
along with behavioral similarities between them, leads several researchers to propose that 
they might share common neurophysiological bases (Pauls, 1992; Pauls, Alsobrook, 
Goodman, Rasmussen, & Leckman, 1995; Pauls, Towbin, Leckman, Zahner, & Cohen, 1986; 
Sheppard et al., 1999).  

2.6 Inhibitory function and attention in dissociating GTS and OCD   

However, there are several points that discriminate GTS and OCD. Brain imaging 
investigations suggest that both GTS and OCD could be initially provoked by a default in 
inhibitory functions, caused by a metabolic reduction in basal ganglia structures projecting 
to either the prefrontal and primary motor cortices in GTS, or the orbitofrontal cortex and 
the anterior cingulate cortex in OCD (Menzies et al., 2008; Mink, 2001; Saxena, Brody, 
Schwartz, & Baxter, 1998; Sheppard et al., 1999). The prefrontal cortex plays an important 
role in the ability to orchestrate thought and action in accordance with internal goals and the 
means to achieve them (Miller & Cohen, 2001), while the primary motor cortex is 
responsible for simple static or repetitive movements as well as complex preprogrammed or 
spontaneous purposeful movements (Lassen & Ingvar, 1990). The orbitofrontal cortex 
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appears to be fundamentally critical for outcome-guided behavior and also for facilitating 
changes in behavior in the face of unexpected outcomes (e.g. habit reversal) (Murray, 
O'Doherty, & Schoenbaum, 2007). In OCD, alteration of this circuit could be responsible for 
functional deficit in procedural memory as assessed by the pursuit rotor test (Roth, 
Baribeau, Milovan, O'Connor, & Todorov, 2004), while another study found that these 
functions were well preserved in GTS (Marsh, Alexander, Packard, Zhu, & Peterson, 2005). 
Common problems associated with both OCD as well as GTS may stem from their difficulty 
to inhibit interference from non-relevant cues. For instance, a semantic inhibition task 
revealed that GTS and OCD groups were consistently disadvantaged in the more 
demanding inhibition conditions compared to matched controls (Rankins, Bradshaw, & 
Georgiou-Karistianis, 2006). This difficulty to inhibit interference could also rely on a 
problem of overfocused attention particularly salient in OCD (Savage et al., 1994). This 
hypothesis was confirmed in ERP research, where attention-related components peaked at a 
faster latency in OCD (Towey et al., 1990; Towey et al., 1993; Towey et al., 1994) than in a 
control group, which was not found with GTS (Johannes, Wieringa, Nager et al., 2001; 
Johannes et al., 2002; van Woerkom, Fortgens, Rompel-Martens, & Van de Wetering, 1988).  

2.7 Inhibitory and sensorimotor integration specificity in GTS 

Even if these findings underline differences and similarities in GTS and OCD, only few ERP 
investigations have compared pure GTS, comorbid GTS+OCD and pure OCD in the same 
experiment. One of our recent study (Thibault et al., 2008) focusing on comorbidity in GTS, 
showed a normal P200, whilst the P300 amplitude was clearly affected by the occurrence of 
clinical symptoms. The OCD and the GTS+OCD group showed reduced rare-target P300 
amplitude, mainly in the right anterior region, but otherwise did not differ significantly 
from each other. The target P300 amplitude was also negatively correlated with OCD, which 
confirmed numerous findings reported in OCD (Beech, Ciesielski, & Gordon, 1983; Malloy, 
Rasmussen, Braden, & Haier, 1989; Miyata et al., 1998; Morault, Guillem, Bourgeois, & Paty, 
1998; Morault, Bourgeois, Laville, Bensch, & Paty, 1997; Oades, Dittmann-Balcar, Schepker, 
Eggers, & Zerbin, 1996; Sanz, Molina, Martin-Loeches, Calcedo, & Rubia, 2001; Thibault et 
al., 2008; Towey et al., 1994). Conversely, participants suffering from GTS showed larger 
target P300 amplitude, positively correlated with tic frequency. These results suggest that 
OCD and GTS symptoms have opposing influences on the P300 amplitude during a non-
motor oddball task. During a motor inhibition task, however, the profile was different. 
Inhibitory mechanisms were investigated in a go-nogo task to assess whether sensorimotor 
integration processes are similar in GTS and OCD (Johannes, Wieringa et al., 2001a). Results 
showed that the ‘no-go’ were associated with a frontal shift of the so-called NGA2 in the 
GTS, but not in the OCD group. With a comparable STOP-task, we also found results similar 
to Johannes et al., (Johannes, Wieringa et al., 2001a) where the NGA related to the 
stop/inhibition was larger over frontal areas in the GTS group even in the absence of OCD 
comorbidity (Thibault et al., 2009). This finding led to the hypothesis that an overactivated 
frontal inhibitory function is specific to GTS patients. 

                                                 
2 The No-Go anteriorization (NGA) is a frontally distributed ERP more prominent in response to 
response inhibition at approximately 400 ms post-stimulus. It represents a subtraction (e.g. voltage 
subtraction between go and no-go ERPs).  
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2.8 GTS children growing up: A model of inhibition and developmental neuroplasticity 

GTS is characterized by its fluctuating nature over time, and its developmental trajectory 
needs to be considered. Through longitudinal studies, certain hypotheses have underlined 
cerebral anomalies associated with symptoms persistency in adulthood. Peterson and 
collaborators (Peterson et al.2001) proposed that because it is present in every age group, the 
hypometabolism of the caudate nucleus could constitute a feature of GTS. Moreover, the 
volume decrease of the putamen, the internal globus pallidus and prefrontal areas, as well 
as the increase of volume of premotor areas, are uniquely present among adults, which 
suggests that they are associated with specific pathological mechanisms contributing to the 
maintenance or inhibition of symptoms among sub-groups of adult with significant 
symptoms of GTS persisting during adulthood. Among these individuals, there seems to be 
a failure of cerebral plasticity mechanisms that allows compensating the presence of tics by 
an overactivation of a motor inhibition process. Unlike adults, children with GTS have a 
larger orbitofrontal volume (Peterson 2001; Peterson et al.2001; Spessot, Plessen, & Peterson, 
2004), which would constitute an adaptive plasticity in response to the expression of tics 
which, in turn, would help to inhibit them more easily. With the maturation of the 
prefrontal cortex during adolescence, this mechanism could gain strength and explain the 
symptom decrease during adolescence and early adulthood. Among adults with persisting 
symptoms, this prefrontal compensation could not occur. The decrease in volume of the 
putamen and globus pallidus, and thus the increase in volume of the premotor area, would 
only be secondary to this compensation. 

These neurodevelopmental observations are compatible with current cognitive-behavioral 
models (O'Connor, 2002; O'Connor, 2005; O'Connor et al., 2009). If the evolution and 
fluctuation of symptoms is related to a form of cerebral plasticity, then we propose that 
cognitive-behavioral treatment (CBT) will, in turn, improve symptoms as well as favoring 
neurophysiological changes corresponding to a normalization of cerebral function, a 
phenomenon which has recently been observed by our team (Branet, Hosatte-Ducassy, 
O’Connor, & Lavoie, 2010; Lavoie, Imbriglio, Stip & O'Connor,  2011; O'Connor 2005; 
O'Connor et al. 2001; O'Connor et al. 2008). 

3. Treatment approaches with Gilles de la Tourette Syndrome  

3.1 Pharmacological treatments 

Pharmacological treatments remain the intervention of choice to help people with GTS. 
Various treatments have been proposed to help patients, but the majority of prescription 
drugs as much among adults as among children with GTS, show a variable response, even 
sometimes on the same individual. From the beginning, let us mention that no drug can lead 
to the complete remission of this syndrome and the dosage is usually graduated according 
to the presence of the dominant tic or behavioral symptoms. Because of the dominant 
hypothesis of tics as a problem of the motor CSTC circuit and the dopaminergic system, 
dopamine antagonist neuroleptics are routinely the main treatment. Therefore, many 
researchers have observed that pharmacological agents that trigger an increase (agonist) in 
dopaminergic functions will exacerbate tics (Golden, 1974; Price, Leckman, Pauls, Cohen, & 
Kidd, 1986; Riddle, Hardin, Towbin, Leckman, & Cohen, 1987), whereas those that bring a 
decrease (antagonist) of the dopaminergic action tend to reduce the tic frequency (Shapiro et 
al., 1989; Lombroso et al., 1995).  
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Haloperidol (neuroleptic) and clonidine (antihypertensive) are currently the favored 
medication for the management of tics (Bruun & Budman, 1996; Dion, Annable, Sandor, & 
Chouinard, 2002; Gilbert et al., 2004; Scahill, Leckman, Schultz, Katsovich, & Peterson, 2003). 
Among children and teenagers, controlled trials have shown that the frequency of tics 
decreases by 50% after the use of haloperidol or pimozide (Sallee, Nesbitt, Jackson, Sine, & 
Sethuraman, 1997). However, typical antipsychotics like Haldol may cause extrapyramidal 
signs, characterized by involuntary movements, impatience and a need to constantly move 
and significant trembling among other symptoms. Atypical drug therapy or drug 
combinations are reserved for more complex cases as well as in the presence of associated 
disorders. However, side effects also occur in approximately 80% of individuals, and only 20-
30% of patients afflicted with GTS continue pharmacological treatment for an extended period 
(Peterson, Campise, & Azrin, 1994). The effectiveness of risperidone (atypical neuroleptic) has 
progressively been proven to reduce tics, despite the possibility of significant long term side 
effects, such as an increased risk of hyperglycemia and diabetes (see review of Lavenstein, 
2003). Other pharmacological agents (antidepressants or other neuroleptics) can provide 
positive results in reducing tics, but these results are often inconsistent and generally come 
from unique cases, non randomized trials (Pringsheim & Marras, 2009).  

In addition, the consumption of psychostimulants (e.g. methylphenidate) was not 
recommended given the increase in tics in children with concomitant ADHD (Bremness & 
Sverd, 1979; Golden, 1974; Golden, 1977). However, the majority of recent studies showed 
that psychostimulants decrease ADHD symptoms without involving much of an increase in 
the long-term tics (for a review see Erenberg, 2006). Furthermore, other studies have shown 
that the tic increase due to psychostimulants, is no longer visible after approximately 18 
weeks of treatment,  so challenging the restriction on the use of psychostimulants among 
children with GTS and ADHD (Debes, Hjalgrim, & Skov, 2009). However, it is the 
caregiver’s responsibility to inform the family of the possible secondary effects of 
psychostimulants.  

3.2 Cognitive-behavioral treatment  

Alternative treatments have shown some success with tic management, including 
hypnotism, relaxation, muscle feedback, awareness training, negative reinforcement, 
response prevention and massed practice (Bergin et al., 1998; Azrin et Peterson, 1988; 1990). 
Therapeutic interventions target not only tic symptoms, but also coping strategies that can 
modify the unique impact that GTS symptoms may have on an individual's well being 
(Petersen and Cohen, 1998). The most compelling treatment medium for managing the tics 
themselves seems to be behavioral treatment, in particular ‘habit reversal’ (HR) (Azrin and 
Peterson, 1988). This package involves multiple stages, including relaxation, awareness, 
contingency training and positive reinforcement of not ticcing and the crucial element of 
practice of a competitive antagonistic response. This latter technique involves tensing the 
muscle antithetical and incompatible with the tic-implicated muscle. Awareness training 
and competing response training seem the most crucial elements of the program 
(Miltenberger et al., 1988), which can be applied to both tics and habit disorders. Three 
developmentally normal adolescents with chronic hair pulling were treated with a 
simplified HR procedure and resulted in an immediate reduction to near-zero levels of hair 
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pulling, with one to three booster sessions required to maintain these levels (Rapp et al., 
1998). Azrin & Peterson (1988) report an improvement of between 64-100% in several 
studies using this method in populations with both simple tics and/or GTS. Peterson & 
Azrin, (1992) compared the efficacy of awareness, relaxation, and HR in six participants 
using a within participants design. HR produced the largest overall reduction in tics (55%) 
and led to the largest reduction in total tics (95%) for any individual, but there was no 
significant difference between treatments. In an initial wait-list controlled treatment trial, a 
cognitive-behavioral package based on HR showed significant post treatment clinical 
improvement for 52% of the adult patients (O'Connor et al. 2001).  

However, these results were collected during experiments with small numbers of 
participants from various populations affected with chronic tics, GTS or habit disorders. 
Recently this type of behavioral therapy was evaluated in a multi-site randomized 
controlled trial which followed 126 children between 9 to 17 years-old afflicted with GTS or 
chronic tic (Piacentini et al., 2010). In this study, all children were randomly assigned to 8 
sessions of behavioral therapy during 10 weeks or to equivalent support and education 
therapy sessions. The sessions of behavioral treatment helped to significantly decrease the 
tic symptoms in comparison with the support therapy (in 53% vs. 19% of cases respectively) 
with, in addition, the effects lasting 6 months in 87% of cases.  

3.3 Multilevel treatment of GTS: Integrating cognitive, behavioral and 

neurophysiological findings 

Over the last 10 years, our group has conducted a number of studies exploring the cognitive 
behavioral and psychophysiological manifestations of motor activation in GTS/Chronic Tic, 
with the aim of linking the multi-level processes evoking tic onset with behavioral 
management procedures (Lavoie et al., 2008; Leclerc et al., 2008; O'Connor, 2005;  O'Connor, 
2005; O'Connor et al., 2009; O'Connor et al., 2005; O'Connor et al., 2008; Thibault et al., 2009). 
As part of the research program, we developed a style of planning questionnaire (STOP) 
which measures style of planning in everyday life. The STOP has now been validated and 
has good reliability and discriminates between tic disorder and controls,  (O'Connor, 2005). 
Its three main factors are: overactivity, overpreparation and overrigidity in planning action. 
The results suggest that all GTS show elevated scores on the first two factors. In addition, 
the overactivity subscale correlates highly with the Tourette symptom global subscale of 
motor restlessness. 

These experimental and clinical findings have led to elaboration of a cognitive 
behavioral/psychophysiological model of treatment (O'Connor, 2005) which proposes: 1) an 
over-active style of planning that prevents optimal preparation for action; 2) this style leads 
to problems regulating arousal/inhibition processes particularly under circumstances where 
regulation is open-looped, controlled, and has unpredictable parameters; 3) such high levels 
of motor activation create tension and frustration and are likely to evoke ticcing; 4) hence a 
CBT package which addresses the cognitive psychophysiological sources of motor activation 
who will reduce background tension and prevent tic onset. Whereas traditional HR targets 
solely the tic implicated muscle in a competing response, an important additional 
component in our CBT program is modification of excessive overall motor activation, by 
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targeting cognitive and behavioural/physiological sources creating tension. An initial study 
using this CBT program demonstrated its efficacy on 47 chronic tic and 43 habit disorder 
(other manual impulse disorder, e.g., hair pulling, nail biting, teeth grinding) receiving a 4-
month treatment program. Thirty-eight (22 chronic tic TD, 16 habit disorders) were placed 
on a wait-list control group, which subsequently received treatment. The treatment 
approach combined awareness training, relaxation (including modification of a tension-
producing overactive style of action), and habit-reversal training, with more general 
cognitive restructuring of anticipations linked to ticcing. Sixty-five percent of completers 
reported between 75 and 100% control over the tic. At 2-year follow-up, 52% rated 75-100% 
control. There were also significant changes post-treatment in measures of self-esteem, 
anxiety, depression and style of planning action (O'Connor et al., 2001). The majority of 
participants in this study were diagnosed with light to moderate symptoms. 

3.4 Cognitive-behavioral treatment and his impact on brain plasticity 

A strong relationship has also been found between symptom reduction following a CBT and 
brain glucose metabolism in patients with OCD. Using PET imaging, Baxter et al., (Baxter, 
1990) found a decrease in the glucose metabolic rate in the right head of the caudate nucleus 
when OCD was treated successfully with fluoxetine or CBT. A further investigation (Brody 
et al., 1998) suggested that subjects with differing patterns of metabolism preferentially 
respond to CBT versus medication. Left orbital-frontal cortex metabolism alone was selected 
as predicting treatment response in the CBT treated group. 

Our team also found interesting impact of CBT on motor dexterity (O'Connor et al., 2008) as 
well as comparable effect of CBT on those receiving or not medication (O'Connor et al., 
2009). One recent research also showed not only behavioral, but also electro-cortical effects 
post CBT. Thus, before treatment, GTS patients showed reduced electrophysiological 
response in comparison with the control group during a motor inhibition task. Following 
CBT administration, this response was normalized concomitantly with decrease of tics 
frequency (Lavoie et al., 2011). Despite the innovation and evolutionary character of this 
model, more studies are nonetheless necessary in order to validate the foundation and the 
efficiency of this intervention program to better assist clinicians in an innovative way. 

In sum, CBT and pharmacotherapy focusing on motor regulation can lead to significant 
clinical improvement in GTS. Brain imaging results after CBT and/or pharmacotherapy in 
patients with OCD also suggest strong relationships between altered brain activity and 
symptoms reduction. 

4. Conclusion 

GTS is a complex neuropsychiatric disorder that affects more people than previously 
thought. In the last decade, past research has made progress in the treatment of this 
syndrome, but many questions remain open. Why many patients failed to respond to 
current treatment?  Why are they often misdiagnosed? Are the symptoms really 
disappearing in adults? These questions can only be approached with a multidisciplinary 
team combining neurologist, psychologist and neuroscientist from different background. So, 
a unidisciplinary approach disallows integrating the cognitive, structural and the functional 
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levels of cerebral functioning. Structured interviews are valuable to follow up on clinical 
states, but they only yield superficial or indirect information on brain functioning. A 
coherent model of GTS from a single approach is unlikely, since this pathology is 
multifaceted. A cognitive-behavioral approach links impairments with the clinical 
expression of the illness that will impact on therapeutic strategies. However, it provides 
little information about the cerebral roots of the disease. Neuropsychology allows valid 
inferences about discrete anomalies, but inferences are mainly based on our knowledge of 
focal lesions, not on functional disorders. Brain imaging is appropriate for identifying 
localized metabolic abnormalities. However, it is limited by its low temporal resolution that 
does not take account of the real-time dynamics of the neurocognitive mechanisms involved 
in the cascade of information processing (Logothetis, 2008). ERPs provide clues to the 
cerebral activation underlying cognitive processes. But the activity recorded over the scalp 
might also reflect deeper subcortical activity, which can be only extrapolated or modeled 
through the analysis of multiple generating sources at best. Moreover, the scalp distribution 
has often been neglected in clinical studies, so losing both spatial and temporal resolution. 
However, the ERP approach might still be insufficient because the main limitation will 
always reside in its low spatial resolution even with a larger electrode array. An alternative 
will be the use of fMRI cluster techniques to seed dipoles into the EEG head model. Another 
important point is to anchor both measures to behavioral and neurocognitive expressions of 
GTS and OCD. As a result, other associated symptoms are often underestimated in 
populations of GTS, leading to incorrect diagnostic or treatment. To address that issue, we 
propose in depth neuropsychological evaluation as well as brain activity recordings in order 
to characterize a particular profile pertaining to GTS and/or OCD groups. The potential 
benefit of the current approach will be to extract a complete profile allowing prediction of 
symptom development or treatment success. 

From a clinical perspective, effective and individualized therapeutic action should not only 
include the modification of motor symptoms and inhibition, but should also include 
cognitive strategies to deal with tics. It is necessary to broaden our conception of GTS in 
order to see it not only as a neurological, but also as a psychobiological syndrome, because a 
multifactorial treatment induces a maximal effect on many levels and helps to decrease and 
to better manage the frequency and intensity of the symptoms. This approach needs to 
combine nonetheless both cognitive and behavioral perspective, while taking into account 
physiological aspects that can also exacerbate the behavioral reaction. 

In conclusion, two considerations seem fundamental for the development of specialized 
interventions for GTS in the near future. First, integrating psychophysiological technology 
as an instrument of treatment: these new possibilities can support cognitive and behavioral 
management through learning self-controlled strategies. Second, the dissemination of study 
results on alternate interventions or other front lines must be done. Finally, treatments for 
GTS symptoms, empirically acknowledged to be effective, should be known by the public 
and be more accessible.   
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