Invited Review Article

The cognitive neuropsychiatry of Tourette syndrome

Andrea E. CAVANNA 1.23* Christos GANOS 4, Andreas HARTMANN 267 Davide

MARTINO & Tamara PRINGSHEIM ?, Stefano SERI 3

!Department of Neuropsychiatry, BSMHFT and University of Birmingham, Birmingham, United Kingdom

2Sobell Department of Motor Neuroscience and Movement Disorders, Institute of Neurology and University College London, London,
United Kingdom

3School of Life and Health Sciences, Aston Brain Centre, Aston University, Birmingham, United Kingdom

“Department of Neurology, Charité, University Medicine Berlin, Germany

SFrench Reference Centre for Gilles de la Tourette Syndrome, Groupe Hospitalier Pitié-Salpétriére, Paris, France

8Sorbonne Universités, UPMC Université Paris 06, UMR S 1127, CNRS UMR 7225, ICM, Paris, France

"Assistance Publique-Hopitaux de Paris, Department of Neurology, Groupe Hospitalier Pitié-Salpétriére, Paris, France

8Department of Clinical Neurosciences, Cumming School of Medicine, University of Calgary and Hotchkiss Brain Institute, Calgary,
Canada

Department of Clinical Neurosciences, Psychiatry, Pediatrics and Community Health Sciences, University of Calgary, Calgary, Canada

*Correspondence:

Prof Andrea E. Cavanna, MD PhD FRCP FANPA SFHEA
Department of Neuropsychiatry

National Centre for Mental Health

25 Vincent Drive

Birmingham B15 2FG

United Kingdom

Email: a.e.cavanna@bham.ac.uk



Abstract

Introduction. Converging evidence from both clinical and experimental studies has shown
that Tourette syndrome (TS) is not a unitary condition, but a cluster of multiple
phenotypes, which encompass both tics and specific behavioural and cognitive symptoms
(mainly attention-deficit and hyperactivity disorder and obsessive-compulsive disorder).
Methods. We conducted a narrative review of the recent literature on the cognitive
neuropsychiatry of TS.

Results. Although clinical research has shown that TS is not associated with cognitive
deficits per se, the findings of recent studies have suggested the presence of subtle
alterations in specific cognitive functions. A promising line of research on imitative
behaviour could provide a common background for the alterations in executive control and
social cognition observed in TS. Two different (but not mutually exclusive) neurocognitive
theories have recently suggested that TS could originate from altered perception-action
binding and social decision-making dysfunction, respectively.

Conclusions. Since the presence of behavioural co-morbidities influences individualised
treatment approaches, it is likely that a more precise characterisation of TS phenotypes,
including cognitive aspects, will result in improved levels of care for patients with tic

disorders.

Keywords. Tourette syndrome; tics; cognitive neuropsychiatry; perception-action binding;
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attention-deficit and hyperactivity disorder; health-related quality of life.



Introduction

Tourette syndrome (TS) is a neurodevelopmental condition characterised by multiple
motor and vocal tics (American Psychiatric Association, 2013). The majority of patients
with TS report specific behavioural symptoms, which can affect their health-related quality
of life to a greater extent than tics themselves (Cavanna & Seri, 2013; Robertson et al.,
2017). The exact pathophysiology of TS is still elusive: as a result, treatment approaches
are often empirical. It has recently emerged that one of the reasons for this impasse is the
multifaceted nature of TS, a condition presenting with heterogeneous phenotypes in terms
of both tics and behavioural symptoms. Moreover, cognitive neuropsychiatry studies have
shown that patients with TS can have specific cognitive alterations, with implications for
the phenotypic characterisation of TS, its underlying pathophysiology, and novel
therapeutic strategies. Recent advances have led to a better characterisation of neural
networks underlying both the subjective ‘urge to tic’ and tic expression (Cavanna, Black,
Hallett, & Voon, 2017) and to the development of evidence-based treatment interventions,
epitomised in the guidelines recently published in the United States (Pringsheim et al.,
2019a, 2019b). This review article presents the state-of-the-art on TS research, with focus
on recent findings about behavioural and cognitive phenotypes, as well as their clinical

implications.



Tourette syndrome as a cluster of multiple clinical phenotypes

Clinical characteristics and epidemiology of tics

Tic disorders are the most common movement disorders in childhood (Cubo, 2012; Ganos
& Martino, 2015). Tic severity can range from mild tics, which often go unnoticed, to
forceful movements and loud noises, potentially causing both physical and psychological
distress (Table 1). Coprolalia has been reported in a minority of patients with TS (up to
30% in specialist clinics and 10-15% in the community) and does not feature among
current diagnostic criteria for tic disorders (Eddy & Cavanna, 2013a). Tics are
characterised by a fluctuating course and are often suggestible or inducible (Cavanna &
Seri, 2013; Finis et al.,, 2012; Robertson et al., 2017). Tic-exacerbating factors include
specific sensory stimuli such as stress, excitement, and tiredness. Most patients can
voluntarily suppress tics for varying lengths of time, and higher satisfaction with tic control
has been shown to positively impact health-related quality of life (Matsuda, Kono, Nonaka,

Fujio, & Kano, 2015).

[PLEASE INSERT TABLE 1 HERE]

Of note, motor and vocal tics share the same underlying brain mechanisms and are best
viewed along a clinical and pathophysiological continuum, although animal models of TS
have shown that motor and vocal tics have distinct (but overlapping to some extent) neural
circuitries. Specifically, cerebro-basal ganglia-cerebellar networks have been shown to
underlie motor tics (McCairn, Iriki, & Isoda, 2013), whereas a primary role for the nucleus
accumbens and related limbic network has been identified in vocal tics (McCairn et al.,
2016). TS symptoms usually begin with simple motor tics (most commonly eye blinking),

followed by other simple motor tics and more complex tics following a rostro-caudal
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distribution (Martino, Cavanna, Robertson, & Orth, 2012) (Table 2). Vocal tics tend to
develop after the onset of motor tics, usually before the pubertal period (Ganos, Bongert,
Asmuss, Martino, Haggard, & Munchau, 2015). Little is known about factors affecting
prognosis in patients with TS, in terms of both tic severity and health-related quality of life
(Cavanna, David, Robertson, & Orth, 2012; Groth, Skov, Lange, & Debes, 2019; Hassan &
Cavanna, 2012). Although large longitudinal studies have shown a considerable age-
dependent decline in tic severity from childhood to adulthood (e.g. Groth, Mol Debes,
Rask, Lange, & Skov, 2017), there is evidence that adult patients may believe they are tic-

free while still having some tics (Pappert, Goetz, Louis, Blasucci, & Leurgans, 2003).

[PLEASE INSERT TABLE 2 HERE]

The key diagnostic features of tic disorders are coded in the most recent edition of the
Diagnostic and Statistical Manual for Mental Disorders (DSM-5) (American Psychiatric

Association, 2013; Muller-Vahl, Sambrani, & Jakubovski, 2019) (Table 3).

[PLEASE INSERT TABLE 3 HERE]

Prevalence figures for TS in the general paediatric population range between 0.3% and
1% (Knight, Steeves, Day, Lowerison, Jette, & Pringsheim, 2012; Scharf, Miller, Gauvin,
Alabiso, Mathews, & Ben-Shlomo, 2015). Tics as isolated symptoms potentially affect
around 5% of the general population, although prevalence figures show a wide variability
(Cubo, 2012; Ong, Mordekar, & Seal, 2016). The prevalence of all tic disorders in
paediatric age approaches 3%, whereas in adults tics appear to be less common (Knight,
Steeves, Day, Lowerison, Jette, & Pringsheim, 2012). The average age at tic onset is 5-7

years, and males are three-to-four times more commonly affected than females (Cavanna
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& Seri, 2013; Robertson et al., 2017). There appears to be a decreasing prevalence risk
ratio for gender in adults compared to children, as well as greater tic-related disability and

more co-morbidities in female patients (Lichter & Finnegan, 2015; Yang et al., 2016).

Aetiology and pathophysiology of tics

Over the last few years, clinical studies using statistical techniques including principal
component factor analysis and hierarchical cluster analysis have started to dissect the
phenotypic heterogeneity of TS (Cavanna, 2018a, 2018b). From a clinical point of view, TS
has been classified into three subgroups of patients with different degrees of complexity
and care needs: ‘pure’ TS (patients with motor and vocal tics only), ‘full-blown’ TS (patients
with additional copro/echo/paliphenomena, forced touching, non-obscene socially
inappropriate behaviours, or other tic-related symptoms), and TS ‘plus’ (patients
diagnosed with co-morbid psychiatric disorders) (Cavanna & Rickards, 2013; Eapen &
Robertson, 2015). The high clinical heterogeneity of TS suggests an equally complex
aetiology. A still unclear genetic background further modified by non-genetic factors,
possibly including pre- and peri-natal difficulties as well as post-infectious autoimmunity,
has been proposed as a likely aetiological framework for TS (Paschou, 2013). Converging
findings from both twin and family studies have shown that TS is one of the most heritable,
non-Mendelian neurodevelopmental disorders, with a population-based heritability
estimate of 0.77 (Pauls, Fernandez, Mathews, State, & Scharf, 2014). Although to date no
definitive TS-associated risk genes of major effect have been identified, recent
international collaborative studies have provided evidence for the first robust genetic
associations to TS (Paschou, 2013; Willsey et al., 2017). The characterisation of TS
phenotypes based on patterns of co-occurrence of tics, cognitive and behavioural
endophenotypes is a fundamental prerequisite for the establishment of more precise

phenotype-genotype correlations (Darrow et al., 2017; Huisman-van Dijk, van de Schoot,
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Rijkeboer, Mathews, & Cath, 2016). In terms of environmental factors, the potential role of
both pre-natal and peri-natal events in the aetiology of TS has been investigated by recent
epidemiological studies (Abdulkadir et al., 2016). The identification of maternal factors that
might increase the risk of tic disorders in offspring, including chronic anxiety, alcohol and
cannabis use, smoking and less-than-adequate weight gain during pregnancy, is of
potential clinical relevance and requires further confirmation across different patients
populations (Browne et al., 2016). The hypothesis that TS could belong to a group of
conditions called ‘paediatric autoimmune neuropsychiatric disorders associated with
streptococcal infections’ (PANDAS) is still being investigated, although the possible
aetiological role of autoimmune mechanisms in a subgroup of patients with TS has
recently been questioned (Martino, Zis, & Buttiglione, 2015).

The majority of patients with TS report that their tics are preceded/accompanied by
distressing sensory experiences that are commonly referred to as ‘premonitory urges’ to tic
(Brandt et al., 2016; Crossley & Cavanna, 2013; Eddy & Cavanna, 2014a; Ganos et al.,
2015). Recent neuroimaging findings have shown activation patterns within extra-motor
areas (including insula and cingulate cortex) concomitant to premonitory urges, suggesting
their possible involvement in tic generation (Cavanna, Black, Hallett, & Voon, 2017).
Moreover, heterogeneous pathophysiological pathways, mainly involving the
neurotransmitter dopamine, might be responsible for the clinical expression of different TS
phenotypes. At least three parallel, interacting cortico-striato-thalamo-cortical circuits,
linking specific frontal regions to subcortical nuclei (including the basal ganglia and
thalamus) are thought to be involved in the pathophysiology of TS. These have been
referred to as the habitual behavioural circuit, the goal-directed circuit, and the emotion-
related limbic circuit, which is key to the behavioural aspects of TS, as it connects the
basal ganglia with the limbic system via inputs from the hippocampus, amygdala,

prefrontal cortex, and anterior cingulate gyrus to the ventral striatum (nucleus accumbens)
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(Singer, 2016). Specifically, changes of both pallidal and striatal neurons have been
described in post-mortem TS brain specimens (Kalanithi et al., 2005; Kataoka et al., 2010),
raising the possibility that these changes could be due to a neuronal migration defect
during brain development. Despite convergent evidence for basal ganglia circuit
abnormalities in TS, there is no obvious way to connect basal ganglia circuit abnormalities
with several salient features of TS, suggesting that alterations in previously unexamined

regions may be important in the pathophysiology of TS.

The behavioural spectrum of Tourette syndrome

The high prevalence of co-morbid behavioural conditions, especially ADHD and OCD, can
pose considerable challenges in the diagnostic and therapeutic pathways of patients with
TS (Khalifa & von Knorring, 2006). ADHD is the most common co-morbid behavioural
problem in young patients with TS seeking medical attention: reported prevalence rates
range from 38% (in community settings) to over 60% (in specialist clinics) (Cavanna &
Rickards, 2013), with male patients being at a significantly higher risk (Hirschtritt et al.,
2015). ADHD symptoms first present at 3-5 years of age in the majority of patients, with
three major clinical phenotypes (inattentive, hyperactive-impulsive, and combined ADHD).
Although ADHD is known to improve to a significant extent by adulthood, its persistence
through key developmental stages has far-reaching consequences, including on executive
functions (Termine et al., 2016).

Patients with TS often complain of distressing and time-consuming repetitive behaviours
(compulsions) and/or thoughts (obsessions). Prevalence rates of co-morbid OCD in
patients with TS range from 11 to 66%, although it has been estimated that the prevalence
of sub-threshold obsessive-compulsive behaviours could be considerably higher (Eddy &
Cavanna, 2014b; Hirschtritt et al., 2015; Martino et al., 2017). Consistent findings have

shown that patients with tics tend to report specific obsessive-compulsive symptoms,
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which are phenomenologically different from the symptoms reported by patients who have
OCD without tics. In patients with TS there is a significantly higher prevalence of concerns
for symmetry, evening-up behaviours, obsessional counting (arithmomania), ordering, and
‘just right’ perceptions, whereas patients with uncomplicated OCD have a higher rate of
concerns for contamination, as well as cleaning/washing rituals (Eddy & Cavanna, 2014b).
Tic-related OCD was included in the DSM-5 as a subtype of OCD in patients who have a
current or past history of a tic disorder. Male preponderance and earlier age at onset
compared to OCD without tics are further clinical features which indicate that tic-related
OCD could be intrinsic to TS (American Psychiatric Association, 2013), with implications
for both the diagnosis and the clinical management of complex cases.

Patients with TS have been shown to be prone to impulsivity and anger outbursts, that can
be captured by the diagnostic criteria of intermittent explosive disorder (Budman, Rosen, &
Shad, 2015; Martino et al., 2017). The chronic presence of tics increases the risk of
developing depression and anxiety (Cuenca et al., 2015; Piedad & Cavanna, 2016), with
social stigma, behavioural co-morbidities, and adverse effects of anti-tic medications
playing contributory roles. The neurodevelopmental trajectory of TS can overlap with
autism spectrum disorder, as indicated by co-morbidity rates of up to 25% (Huisman-van
Dijk, van de Schoot, Rijkeboer, Mathews, & Cath, 2016; Martino et al., 2017). Finally, the
association between TS and specific personality disorders/traits has been suggested by

preliminary findings (Trillini & Muller-Vahl, 2015).



Neurocognitive aspects of Tourette syndrome

Executive function and inhibitory control

The cognitive neuropsychiatry of TS has been the subject of intensive research over
recent years. Neuropsychological studies have mainly focused on the possible effects of
fronto-striatal dysfunction on a range of cognitive domains, including attention, memory,
language, executive functions, motor and visuomotor functions, among others. Two
exhaustive reviews of the neuropsychological aspects of TS have been published in the
last decade (Eddy et al., 2009; Morand-Beaulieu et al., 2017b). Although most findings
have been inconclusive, the neurocognitive domains of executive functions and social
cognition appear to be the most promising in terms of improving our characterisation of TS
endophenotypes.

Recent data seem to confirm that alterations in executive functions in TS appear to be
limited to selected domains, rather than widespread. A fruitful line of research focused on
the presence of deficits regarding inhibitory control, while impairments in planning and
decision-making were reported considerably less frequently. A number of studies explored
the possibility of response inhibition deficits in patients with TS, with conflicting results (e.g.
Abramovitch et al.,, 2017; Yaniv et al.,, 2018). A recent meta-analysis on the puzzling
guestion of inhibitory control in TS revealed a small-to-medium effect in favor of inhibitory
deficits in this patient population. Specifically, there was evidence of larger inhibitory
deficits in patients with TS and co-morbid ADHD, although these deficits were also present
in patients with ‘pure’ TS (Morand-Beaulieu et al., 2017a). Interestingly, this deficit was
most prominent in verbal responses, was associated with measures of tic severity, and
was larger in studies that included medicated patients.

TS frequently involves complex tics with social significance, including imitation or socially

inappropriate behaviour. In addition to echopraxia, simple tics can be triggered by
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watching tics or single voluntary movements. A controlled study exploring every-day
perspective taking and empathic tendencies showed that patients with TS have a different
interpersonal reactivity profile compared to controls (Eddy, Macerollo, Martino, & Cavanna,
2015). More broadly, it has been suggested that differing behavioural effects of movement
observation in TS might reflect altered activation of an action observation-execution
matching system. According to the results of a behavioural study of imitation, to avoid
unwanted movements patients with TS might have to inhibit motor activation automatically
induced by movement observation (Jonas et al., 2010). There is evidence that this
automatic imitation of movements should be ascribed to highly overlearned behavior that
can be triggered without interference by external, incompatible movement stimuli, rather
than failure in top-down inhibition of imitative response tendencies (Brandt, Patalay,
Baumer, Brass, & Minchau, 2016). Both children and adult patients with TS appear to
compensate for their enhanced ability to inhibit automatic imitation tendencies by an
overall slowing in response times (Brandt et al., 2019). The promising line of research on
imitative behaviour and automatic imitation could provide a common background for the

alterations in executive control and social cognition observed in TS.

Social cognition

Social cognition refers to a set of cognitive processes that allow for adequate social
adjustment and functioning, ranging from basic social functions (e.g. face recognition,
emotion perception) to higher-order processes (e.g. social reasoning, empathy). These
processes are thought to be mediated by complex neural networks involving the basal
ganglia and frontal lobes, as well as more specialised areas such as the fusiform gyrus. In
comparison with other neuropsychological domains, social cognition in TS has traditionally
received relatively little attention, however interesting findings have started to emerge in

the last few years (Eddy & Cavanna, 2013b). Overall, early findings have provided
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evidence for alterations in social reasoning and social decision-making (investigated
through the socioeconomic Ultimatum Game) (Eddy, Mitchell, Beck, Cavanna, & Rickards,
2011; Hinterbuchinger, Kaltenboeck, Baumgartner, Mossaheb, & Friedrich, 2018).
Specifically, the ability to distinguish mental states relating to the self and other may be
impaired in TS, contributing to a range of symptoms, including complex tics (e.g.
echophenomena), tic-related compulsive behaviours, and impulsive socially inappropriate
behaviours (Channon, Drury, Gafson, Stern, & Robertson, 2012; Eddy, 2018). Research
focusing on theory of mind in patients with TS has shown that hyper-mentalising (a greater
tendency to attribute mental states to others) could be an important feature in at least a
subgroup of patients with TS (Eddy & Cavanna, 2013b, 2015). The observed changes in
theory of mind could reflect dysfunction in fronto-striatal pathways involving the
ventromedial prefrontal cortex (Eddy, Mitchell, Beck, Cavanna, & Rickards, 2011).
Moreover, evidence from recent neuroimaging studies points towards functional changes
at the level of the temporo-parietal junction as a key component of the neural correlates of

alterations in social cognition in TS (Eddy, Cavanna, & Hansen, 2017).

Altered perception-action binding and social decision-making dysfunction

The complex relationship between tics, premonitory urges, and cognitive alterations
suggests increased internal monitoring (Ganos et al., 2015) as well as abnormal sense of
agency (Delorme et al.,, 2016). It has been proposed that TS could be conceptualised
within a theoretical cognitive framework integrating perceptual, cognitive, and motor
aspects of action, referred to as the theory of event coding (Hommel, 2004). The
neurocognitive theory that increased perception-action binding in TS is associated with a
propensity to generate a surplus of action implies that tics do not categorically differ from
other actions, but result from quantitative alterations in the strength of perception-action

binding (Beste & Miuinchau, 2018). Specifically, it is possible that dopaminergic
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hyperactivity in TS increases learning and habit-formation processes, leading to the
emergence of tics as a surplus phenomenon (Buse, Schoenefeld, Minchau, & Roessner,
2013). The role played by altered perception-action integration in the pathophysiology of
TS was tested in the context of inhibitory control in a controlled behavioural study on
adolescents with TS, combined with event-related potential recordings,
electroencephalographic data decomposition, and source localisation (Petruo et al., 2019).
Stimulus-action inhibition binding was found to be stronger in patients with TS compared to
healthy controls and to affect inhibitory control, supporting the hypothesis that TS might be
a disorder of purposeful actions. Moreover, the neurophysiological data showed that this
was related to mechanisms mediating between stimulus evaluation and response
selection, i.e. perception-action binding processes in the right inferior parietal cortex. The
effect of a standardised Comprehensive Behavior Intervention for Tics on perception-
action binding was tested in an inhibitory control paradigm on adolescents with TS and
healthy controls (Petruo, Bodmer, Bluschke, Minchau, Roessner, & Beste, 2020). The
behavioural intervention was found to specifically affect inhibitory control in a condition
where reconfigurations of perception-action bindings are necessary to perform inhibitory
control. These results suggested that the Comprehensive Behavior Intervention for Tics
could reduce increased binding between perception and action in TS and thereby increase
the ability to perform response inhibition. In addition to explaining the existence of a large
spectrum of tics from hardly noticeable twitches to severe jerks, the perception-action
binding model could pave the way to new treatments, including those aiming at unbinding
event files (neural codes linking perceptual stimulus and features that specify an action),
and thus improving tics.

It has recently been suggested that TS may be a disorder of social communication
resulting from developmental abnormalities at several levels of the social decision-making

network, a neural system with two functionally complementary limbs: the basal ganglia
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component responsible for evaluation of socially relevant stimuli and actions, and the
social behaviour network component responsible for the performance of social acts (Albin,
2018). Interestingly, some nuclei of the social behaviour network are sexually dimorphic,
and the social behaviour network function is strongly modulated by gonadal steroids.
Recent studies indicate that the social behaviour network meshes with the basal ganglia to
form the larger social decision-making network (O’Connell & Hofmann, 2011). The social
decision-making network concept overlaps significantly with Holstege’'s model of an
emotional motor system mediating socially relevant facial movements (Holstege, 2002)
and phonations (Holstege & Subramanian, 2016). Dopaminergic signalling within the basal
ganglia component of the social decision-making network may regulate social act
motivation with the social behaviour network component responsible for act expression.
Developmental social decision-making network abnormalities may account for several
characteristic features of TS, such as its natural history, male predominance, the
characteristic distribution and stereotyped quality of tics, the modulation of tic expression
by task engagement, the role of the basal ganglia, and the recent identification of a
heritable TS subphenotype characterised by social disinhibition (Hirschtritt et al., 2016).
The social decision-making network hypothesis suggests novel therapeutic targets.
Conceptualising TS as a disorder of social communication manifesting primarily as
abnormal involuntary movements suggests the possibility that the amygdala nuclei, as key
centres involved in social behaviours, and the periaqueductal grey, as critical output node
of the social decision-making network regulating motor pathways, could become attractive
intervention targets.

Overall, both the theory of perception-action binding (Beste & Minchau, 2018) and the
social decision-making network dysfunction hypothesis (Albin, 2018, 2019) are
neurocognitive models that suggest new avenues for research in TS and new potential

therapeutic targets. A number of clinical features of TS are explicitly accounted for by the
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altered perception-action binding theory and the social decision-making dysfunction

theory, two models that are not mutually incompatible (Table 4).

[PLEASE INSERT TABLE 4 HERE]

Since motor behaviours result from a complex integration between cortical and subcortical
areas, underlying the motor, cognitive, and motivational aspects of movement, there might
be a role in targeting both motor and cognitive aspects in the treatment of basal ganglia
disorders. For example, there is growing evidence for the role of cognitive engagement in
motor rehabilitation in other movement disorders in which cognitive dysfunctions affect the

motor behaviour, such as Parkinson disease (Ferrazzoli et al., 2018).
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Conclusions and future directions

The current renaissance of behavioural neurology as a clinical discipline has outlined
promising avenues to further our understanding of TS. The most important ‘paradigm shift’
in our current understanding of TS is arguably the concept that TS is not a unitary
condition, as originally believed, but a cluster of multiple behavioural and cognitive
phenotypes. The increased focus on the behavioural and cognitive aspects of TS has led
to a better understanding of patients’ clinical phenotypes and their individual care needs. A
number of open questions need to be addressed by future research. The establishment of
more precise phenotype-genotype correlations and the validation of animal models of tics
could help elucidate the complex interplay between genetic and environmental aetiological
factors. The identification of biomarkers or endophenotypes for specific behavioural and
cognitive phenotypes of TS and their possible associations with altered
neurodevelopmental trajectories will require studies on large and well characterised
cohorts of patients. A promising line of research on imitative behaviour and automatic
imitation could provide a common background for the alterations in executive control and
social cognition observed in TS. Two different (but not mutually exclusive) neurocognitive
theories have recently suggested that TS could originate from altered perception-action
binding and social decision-making dysfunction, respectively. Finally, the shift of research
focus from motor outputs to sensory urges and aspects of social cognition could unravel
unexpected pathophysiological mechanisms and facilitate the development of targeted

treatment interventions to further improve quality of care.
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TABLES

Table 1. Key concepts in Tourette syndrome (in alphabetical order).

Concept

Definition

Attention-deficit and
hyperactivity disorder
(ADHD)

Psychiatric condition characterised by a persistent pattern of inattention and/or
hyperactivity-impulsivity that interferes with functioning or development since
childhood (before the age of 12). ADHD is the most common behavioural co-
morbidity in young patients with TS.

Behavioural Clinical discipline focusing on the assessment and management of the clinical

neurology implications of behavioural symptoms caused by underlying brain pathologies.

Coprolalia Complex vocal tic consisting in involuntary swearing.

Copropraxia Complex motor tic consisting in the involuntary production of obscene
gestures).

Echolalia Complex vocal tic consisting in the repetition of other people’s words.

Echopraxia Complex motor tic consisting in the imitation of other people’s movements.

Impulsivity Behavioural pattern characterised by uncontrolled anger and temper tantrums
described as being ‘out of character and acted out ‘in the heat of the moment’
and characteristically followed by feelings of regret. The clinical presentation of
impulsivity in patients with TS is different from the symptoms of impulse control
disorder reported in the context of other neurological disorders, such as
Parkinson disease (patients receiving dopamine replacement therapy engaging
in reward-seeking behaviours).

Obsessive- Psychiatric condition characterised by the presence of anxiety-led, recurrent

compulsive disorder
(OCD)

thoughts (obsessions) and/or repetitive behaviours (compulsions), which are
time-consuming (occupying at least one hour daily on average) and/or cause
significant clinical distress or functional impairment. OCD symptoms typically
peak in severity later than tics, toward the end of the first decade, and are the
second most common behavioural co-morbidity in patients with TS across the
lifespan.

Palilalia Complex vocal tic consisting in the repetition of own words, often for a set
number of times or until the words sound ‘just right’.
Palipraxia Complex motor tic consisting in the repetition of own movements, often for a

set number of times or until the movement feels ‘just right'.

Premonitory urge

Widespread or localised distressing physical sensation leading to and
temporarily alleviated by tic expression.

Social cognition

Area of psychology that focuses on the role that cognitive processes play in
social interactions: how people process, store, and apply information about
other people and social situations.

Tic

Sudden, rapid, recurrent, nonrhythmic movement or vocalisation, usually
expressed in response to a sensory urge (premonitory urge).

Tic disorders

Neurodevelopmental disorders characterised by the transient or chronic
presence of motor tics and/or vocal tics.

Tic-related OCD

Subtype of OCD reported by patients with a current or past history of a tic
disorder, characterised by an earlier age at onset compared to primary OCD
and a male predominance that is typical of tic disorders. In tic-related OCD
there seems to be a higher frequency of aggressive, sexual, and symmetry-
related obsessions, as well as of ‘just right’ phenomena and counting, ordering,
evening-up, and touching compulsions, compared to primary OCD. Tic-related
OCD is the most common behavioural co-morbidity in adult patients with TS.

Tourette syndrome

Complex tic disorder characterised by the chronic presence of both motor tics
(at least two) and vocal tics (at least one), with onset before the age of 18.
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Table 2. Examples of commonly reported motor and vocal tics.

Tics

Examples

Simple motor tics

abdominal contractions
eye blinking

facial grimacing

mouth opening

neck stretching

shoulder shrugging

Simple vocal tics

coughing
grunting
humming
sniffing
snorting

throat clearing

Complex motor tics

copropraxia
echopraxia
forced touching
hitting

jumping

palipraxia

Complex vocal tics

barely audible muttering
coprolalia

echolalia

palilalia

random words

talking to self
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Table 3. Summary of key diagnostic features of the main tic disorders (onset before 18

years).
Tic disorder Number of motor | Number of vocal Chronic tics Co-morbid ADHD
tics tics or OCD*
Tourette 2+ 1+ yes very frequent
syndrome (72%)
Persistent vocal tic 0 1+ yes frequent
disorder (37%)
Persistent  motor 1+ 0 yes occasional
tic disorder (12%)
Provisional tic 0/1+ 0/1+ no rare
disorder** (4%)

*Community data (school-age children) from Khalifa and von Knorring (2006).

**Patients with provisional tic disorder present with at least one motor and/or vocal tic.

Abbreviations: ADHD, attention-deficit and hyperactivity disorder; OCD, obsessive-

compulsive disorder.
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Table 4. Clinical features of Tourette syndrome explicitly accounted for by two
neurocognitive models: the altered perception-action binding theory and the social

decision-making dysfunction theory.

Feature of Tourette syndrome Altered perception-action Social decision-making
binding theory dysfunction theory

Coprophenomena Yes Yes
Distribution of motor tics Yes Yes
Echophenomena Yes Yes
Hyper-mentalising tendency No Yes
Hypersensitivity to sensory stimuli Yes No
Impulsivity Yes No
Involvement of the basal ganglia Yes Yes
Male predominance No Yes
Modulation of tic expression by Yes Yes
attentional loading

Natural history of tics Yes Yes
Presence and nature of vocal tics Yes Yes
Sensory urges Yes No
Stereotyped nature of tics Yes Yes
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