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Historical introduction

Tourette syndrome (TS), a movement disorder named after the French neurologist Georges Albert Edouard Brutus Gilles de la Tourette (1857-1904), has been recognised as a medical condition for over 150 years. One of the earliest clinical descriptions dates back to 1825, when Itard described the case of the French noblewoman Marquise de Dampierre who suffered from multiple tics, explosive utterances of obscenities and senseless words. It was, on the other hand, Itard´s conclusion that the Marquise suffered from an unusual form of clonic convulsions (Devinsky, 1983).

One might, however, judging from historic descriptions be inclined to find the behaviour of several notable historic figures indicative of TS. Among them are Claudius, the third Roman Emperor, who manifested tics and stuttering as well as compulsive behavioural traits (Burden, 1996). A book from 1489 called Malleus Maleficarum (The Hammer of Witches), describes a priest suffering from motor and vocal tics, and in an attempt to cure him, he was exorcised (Aabech, 1996). Wolfgang Amadeus Mozart is also a possible TS patient. According to memoirs of various people that met Mozart, he had various motor and vocal tics.  Scatology was, furthermore, abundant in his letters (Simkin, 1992). Prince Condé, a member of king Louis XIV court, had to stuff his mouth with any nearby object, including a curtain to repress an involuntary bark in the presence of the king (Robertson, 1989). The prominent 18th century literary figure, Dr. Samuel Johnson was also thought to suffer from TS and severe obsessive compulsive disorder (OCD). According to contemporary descriptions, Dr. Johnson performed complex gestures when crossing a threshold, involuntarily touched specific objects, and felt impelled to measure his footsteps (Frankel, Cummings, Robertson, Trimble, Hill, & Benson, 1986). 

In 1884, when Gilles de la Tourette was a house doctor at the Salpétriére, his mentor Jean-Martin Charcot assigned him the task of classifying movement disorders. Gilles de la Tourette´s interest in TS can be traced to that assignment, since he had not before this task seen an TS individual. When trying to solve this task Gilles de la Tourette read descriptions of some unusual psychiatric conditions observed in other parts of the world (Lajonchere Nortz, & Finger, 1996).

Among them were the Jumping Frenchmen of Maine an article written by George Beard. In this article, Beard described individuals that showed intense startle myoclonus responses, unusual noises, and imitated movements and sounds. Beard maintained that the disorder was most likely to affect males, was hereditary, and had a childhood onset.

Two other articles caught the interest of Gilles de la Tourette since they described similar movement disorders as Beard had described. 

The first one was H.A. O´Brien´s narration of Latah, which he observed in Malaysia. According to O´Brien latah was characterised by an extreme startle response, the imitations of movements or sounds performed by others and sometimes foul language. 

The second article was William Hammond´s description of what he had seen in Russia and was called Myriatchit, a condition that resembled the symptomatology exhibited by the jumping Frenchmen of Maine. The people suffering from myriatchit did, however, not exhibit the strange utterances seen in the jumping Frenchmen of Maine.

The results of Gilles de la Tourette´s studies were published in the Archives de Neurologie (Paris) in 1884 and the article was called Jumping, latah, myriachit (Goetz & Klawans, 1982; Lajonchere et al., 1996). In this article he concluded that these descriptions from Beard, O´Brien, and Hammond referred to a similar movement disorder. He therefore decided to write an article about the subject. It was while working on this article that Gilles de la Tourette met his first TS individual.

Indeed, we can see a case right now in the service of our chief, Professor Charcot, that seem to be similar in many ways to this singular condition. The case involves a young man who is 15 years old, has good constitution, is smart, and has sound reasoning, but who suffers from extreme hyperexcitability, from particular tics, and convulsive movements of his head and waist. After all these movements, he almost always screams merde (shit). Besides if one talks in front of him, the boy carefully repeats the two or three words that ended the sentence just said (Lajonchere et al., 1996, p.572).

The article was published in Archives de Neurologie (Paris) in the year 1885 and was called Étude sur une affection nerveuse caractérisée par de l´icoordination motrice, acompagnée d´écholalie et de coprolalie: Jumping, Latah, Myriachit. In English the article is called A Study of a Neurologic Condition Characterized by Motor Incoordination Accompanied by Echolalia and Coprolalia: Jumping, Latah, Myriachit (Lajonchere et al., 1996).

In his article from 1885, Tourette described nine cases. He personally observed six patients. He collected the records of the remaining three, among them was the famous Marquise de Dampierre, from other physicians.

Tourette maintained that the illness was a nervous affliction characterised by generalised motor tics and noises, accompanied by echolalia
 and coprolalia
. Whereas Tourette did not differentiate this syndrome from myriachit, latah, or the jumping Frenchman of Maine, in which echolalia was a prominent symptom, the frequency and importance of echolalia were exaggerated.

In Gilles de la Tourette´s classical illustration of TS, he described three stages of the disorder. Motor symptoms appeared first, most frequently of the face, specifically eye blinking, and then progressing to the upper limbs. These movements appeared suddenly and were performed rapidly and at close intervals. Facial tics appeared with the greatest frequency and intensity, whereas the more complicated movements occurred less often. The next symptoms were verbal, cries such as “hm”, ”ouh”, and “ah”. Echolalia is added to the multiple tics and inarticulate cries and was considered by Tourette to be one of the most persistent symptoms. The third symptom category identified by Tourette was coprolalia, which he considered to be pathognomonic (Goetz & Klawans, 1982; Shapiro, Shapiro, Bruun, & Sweet, 1978).

Gilles de la Tourette noted that TS appeared to have a hereditary profile, was more common in males than females, and had a childhood onset. He also stated that TS patients show little signs of intellectual deterioration, but show a progressive increase in symptomatology, with new symptoms added to or replacing old ones (Kolb & Whishaw, 1996; Wand, Matazow, Shady et al., 1993).

Tourette´s papers from 1884 and 1885 were an important advance in the classification of motor disorders and a major contribution to the understanding and classification of TS. After the publication of Tourette´s article in 1885, Charcot named this movement disorder, Tourette Syndrome to honour his diligent pupil (Green & Pitman, 1990; Lajonchere et al., 1996).

Despite Tourette´s accurate description of TS the nature and etiology of the syndrome has been debated among researchers. Since Itards description of Marquise de Dampierre and to date many theories have been formulated in attempt to explain the nature of TS. These theories and their effect on TS as a clinical disorder can be divided into periods each influenced by the zeitgeist at the time they were formed (Kushner, 1999; Shapiro et al., 1978).

The first period was roughly from 1825 to the end of the 19th century. In this period mental illnesses were thought to be hereditary and physicians looked at the family background in their search for antecedents that could lead to motor or verbal tics. Gilles de la Tourette, furthermore, focused on the separation of what he called maladie de tics (Tourette Syndrome) from other neurological conditions and the identification and range of its symptomatology. Georges Guinon and Édouard Brissaud challenged Gilles de la Tourette´s idea that TS was a distinct disorder. Guinon maintained that the tics were an extreme form of hysteria, while Brissaud said that tics were a form of chorea.

A historically important, but relatively unknown, paper was published by G.M. Hammond in 1892, implicating for the first time specific lesions in the motor cortex and striatum in the pathology of TS.

The second period was marked by psychological interest and it began shortly before 1900 and lasted until about 1920s. This period resulted in creative, but somewhat wild speculation about presumed underlying psychological mechanisms that determined or influenced sickness and personality. These speculations, based totally on clinical observation and without empirical support, were applied to the etiology of TS and tics. Among the most influential ideas in this period was Henry Meige and E. Feindel´s notion that tics resulted from uncorrected infantile habits. Meige and Feindel, furthermore, stressed the emotional or mental instability underlying tics, with the strange symptoms reflecting the bizarre mental state of the patient. Though the psychological view predominated this period, organic explanations for tics could also be found, and outside the Salpetriére hospital some researchers maintained that rheumatic disease could cause tic behaviours.

The third phase, from about 1920 to 1955, was characterised by an interest among psychoanalysts in tics and TS. The psychoanalysts were interested in identifying the specific personality types or dynamic conflicts in TS patients. The tic symbolically expressed an underlying intrapsychic conflict and to understand the behavior, which is necessary in order to ameliorate the symptoms, the underlying psychodynamic conflict must be resolved. True to their psychoanalytic nature, the researchers in this period mentioned various factors, such as genital, anal, oral, sexual, or other pejorative unconscious psychological states, as the underlying conflict resulting in TS. Among the most influential figures during this period were Sandor Ferenczi and Margaret Mahler. Ferenczi postulated that all tics were a reaction to a repressed libido. With Ferenczi´s theory in mind it is interesting to note that he never met a TS patient but based his theory on case studies from Meige and Feindel. Mahler on the other hand, maintained that organic components made the individual frail against overwhelming emotional and psychodynamic forces. Mahler furthermore stated that convulsive tics were only evident in children who had experienced severe, repressed familial psychological conflicts.

Some psychoanalysts occasionally made references to possible “constitutional” or “organic” substrata of TS. By that they meant that the organic or constitutional component was characterized as an increased eroticism of the musculature or a constitutional hyperkinesis, which created an organ neurosis of the neuromuscular system.

The primary challenge to the psychoanalytic view in this period came from organic oriented psychiatrists maintaining that tics were a sequel to infections and therefore organic rather than psychological. Among them was Erwin Straus who argued that tics were caused by focal infections where certain strains of bacteria appeared to infect specific targets, such as sinuses, tonsils, or pulmonary cavities.

In the fourth period great emphasis was laid on the collection and study of large numbers of patients and review of the literature. An example of a large study is E. Torup´s study from 1962. Torup studied 237 children that had been treated for tics between 1946 and 1947 in the Pediatric and Child Psychiatry Departments at Rigshospitalet in Copenhagen.

An important contribution in this period was Serge Lebovici´s publication of Les Tics chez l’Enfant, where he retraced the contested definitions and claims concerning the diagnosis, etiology, and treatment of convulsive tics from the nineteenth century until 1951. Lebovici was a psychoanalyst but he conceded that psychoanalytic explanations did not exhaust the potential interpretations of tics. He thought that beyond the symbolic content of the tics, it was possible that they were psychosomatic, reflecting widespread psychomotor problems.

An important finding from the organic point of view came from autopsies conducted by J.L. Claus and K. Balthasar in the 1950s. They reported an abnormally compact arrangement of the small striatum cells in a male patient. It was as if the striatum had an arrested development and the cells similar to that seen in an early childhood striatum.

The successful use of haldoperidol in 1961 and important neurochemical discoveries further stimulated the interest in the organic basis for TS in the latter 1960s. The fifth period was characterised by the use of psychopharmacological drugs in the treatment of psychiatric illness and tics. The relationship of the neurotransmitter dopamine to the basal ganglia, parkinsonism, and other movement disorders led to the development of theoretical constructs and experimental and clinical studies, and to the discovery and reporting of more TS patients than had previously believed to exist.

After the psychopharmacological discoveries in the 1960s researchers in North America and Britain mainly adhered the organic view when trying to explain the nature of TS. In France however, the psychotherapeutic and psychoanalytic tradition prevailed among physicians. Researchers in France nevertheless admitted that neurotransmission played a role in the presentation of tics. The France view was that tics should be understood in a multidimensional framework, where the effects of cultural, social, psychiatric, psychological, psychoanalytic, and neurological factors were considered when treating TS patients (Kushner, 1999; Shapiro et al., 1978). 

Today the general approach to TS can be characterised as a data-oriented where researchers rely on systematically collected and confirmed data for the study, diagnosis, understanding, and treatment of TS patients.

As can be seen from the above TS has been a source of discussion and debate for a long time, with researchers adhering different views when trying to explain the disorder. To date the exact nature and severity of TS have not been fully established, though considerable knowledge has accumulated through research. The neuropsychological status of TS is incomplete even though several neuropsychological studies have reported abnormalities inTS patients. Judging from the overt symptoms of TS, it is tempting to conclude that motoric and verbal difficulties are prominent among TS patients. Results from studies thus far, on the other hand, seem to indicate that TS patients perform in the normal range on measures of motoric, language, intelligence, and memory abilities. This raises questions about the nature of TS and how it affects the cognitive abilities of TS patients. Does the severity of tics effect the performance on neuropsychological measurements? Does the type of tics have an effect on cognitive abilities? Do TS patients with verbal tics perform worse than those with motor tics, or vice versa? Can the deficits be localised to either the right or left cerebral hemisphere?

The most commonly reported impairment in TS patients is within executive and attentional functions. Studies have shown that when impairments are reported they can, in most instances, be linked with comorbid conditions such as attention deficit hyperactivity disorder (ADHD) or obsessive compulsive disorder (OCD). If the comorbid condition has such impact on the performance of TS patients on neuropsychological measurements – how does it affect the performance? Is the comorbid condition per se responsible for the impairment? Do TS patients with a comorbid condition have a more severe type of TS than those with TS only, or do they “just” have TS and a comorbid condition? Do TS patients with a comorbid condition perform in a different way from ADHD or OCD patients? Do TS only patients perform differently on cognitive measures than ADHD and OCD patients? Do TS+ADHD patients perform in another way on neuropsychological measurements than TS+OCD, if so what differentiates the groups?

The aim of this thesis is twofold, to provide a review of TS and present the results from an empirical study of 23 TS patients on neuropsychological tests.

The review starts by the definition of tics and TS along with the description of clinical characteristics and associated behaviours experienced by many TS patients. Then the prevalence and results from etiological studies will be discussed. That is followed by a review of neuroanatomical studies, narration of neurotransmitter abnormalities found in TS, and the anatomy of TS. Finally the most common forms of treatment resources and results from neuropsychological studies of TS will be discussed.

The second part of this thesis is based on an empirical study of the performance of 23 school-age children with TS compared to a control group on neuropsychological tests. The results from the study will be presented and discussed within the context of findings from previous neuropsychological studies of TS.

Clinical characteristics and definition


Tourette syndrome (TS) is defined as a neurologic disorder characterised by involuntary vocal and motor tics that wax and wane, where new ones gradually replace older symptoms. Tics can be defined as brief and sudden movements (motor tics) or sounds produced by moving air through the throat, mouth, or nose (vocal tics). Disorders involving tics are generally divided into categories according to duration of symptoms, age of onset, and the presence of vocal or phonic tics in addition to motor tics. Transient tics can occur in up to 15% of all children, lasting only few weeks or months and are usually not associated with specific behavioural or school problems. Transient motor tics are most common and can include grimacing, squinting, and eye blinking. Transient vocalisations are less common and examples of them are humming or various throat sounds. Chronic tics are differentiated from transient tics by their duration over time and unchanging character. Chronic multiple tics indicate that an individual has several chronic motor tics, including twitches of the face, limbs, or the whole body (The Tourette Syndrome Classification Study Group, 1993).

The onset of symptoms in TS usually occurs between the age of two and 13. According to the prevailing diagnostic criteria onset must be before the age of 21. About 85% of the patients exhibit their first symptoms around seven years of age. There must be no other medical explanation for the tics, such as transient tic disorder or chronic tic disorder, and they must have duration of more than one year (Bornstein, King, & Carroll, 1983; Frankel et al., 1986; Robertson & Baron-Cohen, 1996; Singer, 1994).

The anatomical location, complexity, and severity of the tics characteristically change over time. However, in most cases motor tics progress in a rostral-caudal fashion, involving the head, face, or shoulders before other parts of the body. Patients can suppress the tics for minutes or even hours and they are nearly absent while concentrating on a task and during periods of relaxation or sleep. Fatigue, anxiety, stress, anger, or excitement on the other hand aggravate the tics.


The clinical characteristics shown by TS patients appear to be independent of culture, as they appear to be similar everywhere in the world. Their frequency is, however, differently distributed around the world, with for example coprolalia being less common in Asia than in the United States.

The motor and vocal tics are the distinguishing features of TS and they can be further subdivided into simple or complex categories (Robertson, 1989; Robertson & Baron-Cohen, 1998; Robertson & Yakeley, 1996; Singer, 1994). 

Simple vocal tics include the utterances of linguistically meaningless sounds or noise, for instance barks, grunts, sniffs, throat clearing, snorting, or coughing noises. The onset of vocalisation is generally later than that of the motor tics, with the mean age of onset being 11 years. In some cases, the initial symptoms have been vocalisations, with repeated throat clearing being common as presenting symptom.

Complex vocal tics include verbalisations of words, syllables (“no, no”), phrases (“oh, boy, oh boy”), full sentences, coprolalia, echolalia, or the repeating of the individual’s own words (palilalia). Echolalia seems to be the most common of the complex vocal tics appearing in about 10 - 40% of patients. Coprolalia occurs in about 20 - 30% of TS patients, though less commonly in children. Palilalia occurs in about six to 15% of patients.


Simple motor tics include head jerks, darting of the eyes, shoulder shrugs, or twitch of the nose. These tics are often repetitive, such as a run of facial twitches, a series of arm jerks, or an interval of eye blinks. Simple motor tics are brief rapid actions, often involving only one muscle group, and do not have any meaning for the TS patient.

Complex motor tics are abrupt movements involving co-ordinate sequences of movements or a cluster of simple motor tics. They can appear purposeful and can be practically any form of movement that the body can create such as gyrating, bending, stamping, smelling objects, jumping, touching the nose or other people, mimicking the movements of others (echopraxia), or obscene gestures (copropraxia). Complex motor tics can also appear non-purposeful, such as repetitive kicking of the legs or head shaking associated with shoulder shrugging.

Simple motor tics are usually the presenting symptom occurring around seven years of age. Simple vocal tics can appear from the onset, but most begin within five years of the onset (Lishman, 1998).

In some cases, patients describe somatic sensations of cold, warmth, pain, tickle, or other sensations in localised regions preceding the vocal or motor tics. These sensations have been labelled sensory tics and are experienced in about 40% of TS patients. The sensory tics are followed by tension and can build into exquisite torture unless the tension is released through the execution of tics (Green & Pitman, 1990).

Table 1. Range of symptoms of TS (Bruun, Cohen, & Leckman 1997)
Motor

Simple motor tics:
fast, darting, and meaningless


Complex motor tics:
slower, may appear purposeful



include copropraxia and echopraxia 



Vocal

Simple vocal tics:
meaningless sounds and noises


Complex vocal tics:
linguistically meaningful utterances


such as words and phrases including


coprolalia, echolalia, and palilalia 

 

Behavioural and developmental

Emotional lability


Irritability


Impulsivity


Aggressivity and self-injurious behaviour

TS and associated behaviour

Along with the characteristic tics there are a variety of behavioural and psychological difficulties experienced by many TS patients. In some cases, these associated behaviours are more debilitating than the tics. The most frequently reported associated features are obsessive compulsive disorder (OCD), and attention deficit hyperactivity disorder (ADHD; Schuerholz, Baumgardner, Singer et al. 1996). Other features that are not as common as the first two but may be just as troublesome for the individual are mood disorders, anxiety and phobias, self-injurious-, anti-social-, and inappropriate sexual behaviour, and conduct disorder such as problems with alcohol and drugs, vandalism, aggressive behaviour, lying, stealing, and starting fires. Learning disorders and disturbances such as sleepwalking, sleep talking, insomnia, night terrors or bruxism
 are also experienced by TS patients (Comings, 1990; Robertson, 1989; Wand, Matazow, Shady et al., 1993).

 Attention Deficit Hyperactivity Disorder (ADHD)

ADHD symptoms often precede the onset of TS, affecting about 50% of TS patients. They are thought to be about three to four times as common in boys as in girls. ADHD can have a disturbing influence on many aspects of behaviour, resulting in fluctuating memory, variable attention, and impairments in cognitive flexibility and regulation of goal-directed activity through the use of environmental feedback (Chelune, Ferguson, Koon, & Dickey, 1986; Kløve & Hole, 1979; Schuerholz et al, 1998; Whitman, 1991).

In 1947 Strauss and Lehtinen (see in Leung & Connolly, 1994) proposed that ADHD children suffer from an information-processing deficit. The child's ability to plan a task and stick to the plan is defective and when the plan is not strong enough the child is easily distracted by irrelevant stimuli. Their distractible and inattentive behaviour is a reaction to stimulation that exceeds their defective processing capacity. This disorganised behaviour is indicative of a cognitive system that is overloaded (Fleischer, 1996). 

Among the models that have been used to explain these attentional problems accompanying ADHD and how the frontal lobes control these aspects of behaviour is Tim Shallice´s information processing model. This model consists of four components: Cognitive units, schemas, contention scheduling, and the supervisory attentional system (SAS). The cognitive units are functions that are related to specific systems (e.g. visual system). The schemas are behavioural activities that require integration of multiple cognitive units to be accomplished. Schemas are usually routine and highly specialised programs for controlling skills such as driving to work. Contention scheduling refers to the selection of appropriate schemas for combinations of routine behaviours. The SAS handles non-routine goal achievement and permits flexible responding in novel situations. The SAS is thought to operate when contention scheduling fails or when there is no obvious solution to a task (Eysenck & Keane, 1990; Shallice, 1988; Stuss & Benson, 1986).

Barkley (1998) reviewed several models of executive functions and argued for their combination into a hybrid model when trying to explain the executive dysfunctions seen in ADHD. According to this model, behavioural inhibition is essential to the proficient performance of executive functions that control the motor system in the initiation and performance of goal-directed, future-oriented behaviour.

Barkley divides behavioural inhibition into three inter-related processes. The first one inhibits the initial prepotent response to an event. Here prepotent response is defined as a response for which immediate reinforcement (positive or negative) is available or has been previously associated with an event. The second one stops an ongoing response or response pattern, thereby permitting a delay in the decision to respond or continue responding. The last one is some kind of interference control, protecting this period of delay and the self-directed responses that occur within it from disruption by competing events and responses.

The executive functions in the model are divided into four categories, each with several subcategories. These four executive functions are non-verbal working memory, that can be defined as the capacity to maintain internally represented information in mind to control a subsequent response. Verbal working memory can be defined as the internalisation of speech. Allowing the individual to covertly describe, label, and verbally contemplate the nature of an event or situation prior to response. The self-regulation of affect, motivation, and arousal arises as a consequence of the privatisation of emotion/motivation following an event. Finally, reconstitution allows the individual to assemble multiple potential responses for the solution of a problem or the realisation of a future goal.

These executive functions can shift behaviour from control by the immediate environment to control by internally represented forms of information by their influence over the last component of the model, motor control (Barkley, 1998).

A proposition focusing on executive functioning in TS, was put forward by Robertson and Baron-Cohen (1996). They suggest that TS children are impaired in what is called “intention editing”. Intention editing is a process that is necessary whenever two or more intentions are activated concurrently, but only one of which can be put into action.

The executive dysfunctions seen in TS and ADHD often result in impulsivity, distractibility, and increased activity level that can get TS patients into trouble. These three symptoms can, furthermore, seriously impede school performance and peer relationships of TS patients. The distractibility and inattention make TS patients easily distracted, they find it difficult to concentrate and often fail to finish work assigned to them. This can make TS patients frustrated since they cannot keep up with other children in the class, even to the point where they do not want to go to school. The impulsivity makes it hard for TS patients to organise their work. They tend to act before thinking, have a hard time waiting their turn in games, and need a lot of supervision. This can make TS patients unpopular to play with and makes it hard for them to hold on to their friends, leading to social isolation and unhappiness. 

Obsessive Compulsive Disorder (OCD)

Investigators have found that around 30 to 50% of TS patients exhibit obsessive compulsive disorder (OCD). Studies have also found an increased rate of OCD in first degree relatives of TS patients (Leonard, Lenane, & Swedo, 1992; Pauls, Raymond, Stevenson et al., 1991; Pauls, Towbin, Leckman et al. 1986). Hollander, Liebowitz, and DeCaria (1989) suggested that the same genetic factor may be manifested as OCD in some individuals but as tics in others, with males having more tics but females more likely to have OCD. The frequent co-occurrence of these disorders can hardly be a coincidence and some have suggested that the development of OCD in TS patients is a part of the natural course of TS, with tics being more prominent throughout adolescence but OCD in adulthood (Montgomery, Clayton, & Friedhoff, 1982).

In contrast, both the type and antecedents preceding the obsessive and compulsive behaviour seen in TS differ from those in OCD (Baer, 1992).

Patients with OCD most often report obsessions and compulsions concerning cleaning and contamination, where the aim of the compulsion is to prevent a catastrophic event. Prior to their compulsions patients with OCD report that a cognitive stimulus in the form of guilt or worries arise. If the individual is hindered in carrying out the compulsion, he experiences excessive anxiety and tension (Cath, Hoogduin, van de Wetering et al., 1992).

The most frequently reported obsessive compulsive symptoms in TS include behaviour concerned with symmetry or evening things up, such as touching things with both sides of the body or lining things up with the corners of a room, counting (arithmomania), and touching rituals. Some TS patients must repeat an act a certain number of times until a feeling of satisfaction is achieved. Obsessions including violence, such as self-damaging behaviour, and sexuality are also reported (Holzer, Goodman, McDougle et al., 1994; King, Riddle, & Goodman; 1992).

Many patients with TS+OCD report that their compulsions are spontaneous and not meant to suppress or neutralise thought, since they do not produce fear or anxiety. They are more generally regarded as autonomous and playful, and most often associated with random environmental stimuli (Cath, Van De Wetering, Van Woerkom et al., 1992; Shapiro & Shapiro, 1992).

Prevalence

The exact prevalence of TS is unknown, but it has generally been viewed as an uncommon disorder with the prevalence ranging from 1/1000 to 1/100.000 (Kolb & Whishaw, 1996; Singer, 1994). Studies of TS kindreds indicate that most cases of TS are mild and do not come to medical attention. Thus, the disorder is often unrecognised and undiagnosed. As prevalence estimates are largely based on patients referred for medical evaluations, these estimates are likely to be inaccurate, since they focus mainly on the severely affected cases. This can lead to gross underestimates of the prevalence (Kurlan, 1994). Recent studies, however, indicate that the prevalence in school children is at least one in 1000 for males and one in 10.000 in females (Schuerholz, Baumgardner, Singer et al., 1996), with males outnumbering females by approximately three/four to one (Park, Como, Cui et al., 1993; Price, Kidd, Cohen et al., 1985). 

Etiology

Despite its relative frequency the etiology of TS is not well known, and it is broadly acknowledged that TS is more complex than the previously mentioned definition implies. Neurological examinations usually show minor abnormalities and a non-specific electroencephalogram (EEG). Without a known cause or confirmatory neurologic/biochemical parallels, the diagnosis of TS is based on observable clinical criteria. Based on clinical features it is not surprising that the exact localisation of the dysfunction in TS remains unknown. The tics, the principal symptoms of TS, are voluminous and variable, making the identification of the pathogenesis difficult (Gedye, 1991; Singer, 1994).

There is evidence for both familial and sporadic cases in TS. Studies of families affected by TS indicate that it is a genetic disorder. The mode of inheritance appears to be autosomal dominant with gender-specific and incomplete patterns. The genetic vulnerability inherited can express itself as TS, chronic tics (CT), or obsessive compulsive disorder (OCD), with the degree of expression called penetrance
. A male that inherits the gene has a 45% chance of expressing the symptoms of TS alone. He has a 99% chance of expressing the gene as TS or CT, and a 100% chance of expressing the gene as TS, CT, or OCD. A female who inherits the same gene has a 17% chance of expressing the symptoms of TS alone; a 56% chance of having either TS or CT; and a 71% chance of expressing TS, CT, or OCD (Bruun et al., 1997; Pauls & Leckman, 1986; Singer & Walkup, 1991). The variability in expressivity appears to be related to gender differences, with females more likely to have OCD without tics and males more likely to have tics (Brett, Curtis, Robertson et al., 1995; Hollander, Liebowitz, & DeCaria, 1989).

The most convincing evidence for a genetic factor in the etiology of TS comes from twin studies. Hyde, Aaronson, Randolph et al. (1992) showed that the concordance rate for TS was 56% for monozygotic (MZ) twins. In a large study of MZ and dizygotic (DZ) twins, the concordance rate was 53% and 8% respectively (Price et al., 1985). These studies are supportive of a genetic factor in the etiology of TS. On the other hand, given the fact that only about 50% of MZ twins are concordant for TS, the individual variation in course, character, and degree of symptom expression is difficult to explain solely by a genetic hypothesis.

Several non-genetic factors have been examined when trying to explain the difference in expression of TS. Hyde and Weinberger (1998) hypothesise that nongenetic factors such as placentation, position, and intrauterine crowding can effect the phenotypic expression of TS. Other possibilities include factors such as maternal stress, excessive vomiting during pregnancy, and differing degrees of nutrient and oxygen delivery to the developing brain. Exposures to stimulant drugs, hyperthermia, or even streptococcal infection are also thought to play a role in the expression of TS (Allen, Leonard, & Swedo, 1995; Singer, 1994).

In a MZ twin study, Leckman, Price, Walkup et al. (1987) found that the unaffected twin had a higher birthweight than the affected TS co-twin. According to Leckman and Peterson (1993) TS patients have shown some of the neurochemical and behavioural characteristics exhibited by animals that had been exposed to high levels of maternal stress in utero. Birth complication can cause perinatal oxygen deficiency leading to alterations within the basal ganglia, because of its vulnerability to hypoxic-ischemic insults. These basal ganglia alterations may then lead to the emergence of TS symptoms (Chee & Sacdev, 1997; Singer, 1997).

Results from etiological studies indicate that genetic and nongenetic factors interact in the phenotypic expression of TS. Because of these studies nongenetic factors are now thought to mediate the severity or form of the phenotypic expression of TS, instead of playing a purely etiological role (Singer & Walkup, 1991).

Neuroimaging studies

The search for a possible site of pathology in TS is a complex and difficult task. Results from etiological studies indicate that both genetic and nongenetic factors influence the expression of TS and based on the variety of symptoms several brain regions have been implicated in the pathology of TS. However with the aid of neuroimaging techniques such as magnetic resonance imaging (MRI), single photon emission computerised tomography (SPECT), and positron emission tomography (PET) researchers have reported interesting findings in the quest of a possible site of pathology in TS.

Summarising 177 published studies on structural neuroimaging of TS, Demeter (1992) and Robertson (1989) reported that only about 13% have indicated abnormality of the basal ganglia (BG
). However, recent studies using MRI methods have found more specific structural basal ganglia abnormalities in TS patients.

Singer, Reiss, Brown, et al. (1993) found that children with TS showed no difference from controls in the mean size of the right or left striatum
, or ventricles. On the other hand, TS patients showed a smaller left greater than right asymmetry than controls. Peterson, Riddle, Cohen, et al. (1993) found that adult TS patients had significantly smaller left lenticular nucleus
 when compared to controls. They also found, like Singer et al. (1993), that TS subjects had a smaller degree of left greater than right asymmetry than controls.

Studies using SPECT have shown hypoperfusion in the thalamus, temporal and frontal areas of the cortex and in the basal ganglia. According to Moriarty, Varma, Stevens et al. (1997) compared to controls TS patients had decreased regional cerebral blood flow (rCBF) to the left caudate nucleus, left dorsolateral prefrontal and anterior cingulate cortices.

Riddle, Rassmusson, Woods, and Hoeffer (1992) found reduced rCBF in basal ganglia and frontal areas of TS patients, the difference being statistically significant in the left lenticular nucleus.

By using PET techniques Chase, Foster, Fedio et al. (1984) found that regional glucose metabolism in bilateral inferior and middle parts of the frontal lobes seemed to have an inverse association with the severity of vocal tics in TS patients. Coprolalia, on the other hand, had an inverse correlation with metabolism in the left perisylvian region. In a PET study from 1992, Stoetter, Braun, Randolph et al. found that TS patients had lower metabolic rates in the striatum, subcortical limbic structures, and inferior limbic regions of the cortex. In the sensorimotor cortex they had higher metabolic rates than controls.

As can be seen from the findings above, few abnormalities have been reported in TS patients. To date the greatest part of the evidence implies that the pathology in TS is caused by neurotransmitter abnormalities or alterations within the basal ganglia, anomalies of its pathways, or by lesions in related thalamic and cortical structures, such as the primary motor, prefrontal, anterior cingulate, and orbitofrontal cortices (Chee & Sachdev, 1997; Moriarty et al., 1997; Singer, Hahn, & Moran, 1991).
Neurotransmitter abnormalities

Neurotransmitter abnormalities have often been implicated in the pathophysiology of TS. These implications are based on measurements of neurotransmitter metabolites in the cerebral spinal fluid (CSF) and the ability of medication to alter synaptic function and thereby the tic activity in TS patients. Among the neurotransmitters thought to be involved in TS are serotonin (5-HT), dopamine (DA), acetylcholine (ACh), norepinephrine (NE), -aminobutyric acid (GABA), glutamate, and opiates (Kurlan, 1992; Singer, Butler, Tune et al., 1982). Since all of the above-mentioned transmitters act by influencing adenylate cyclase activity, some have suggested that TS results from a dysfunction in a second messenger system. However, results from Singer (1994) seem to indicate that alterations in second messenger systems are not a major contributing factor in the development of TS.

Researchers have tended to focus on the dopamine system. Dopamine (DA) is known to have modulatory effects on motor regulation and arousal, and TS patients show impairment in these areas (Shapiro, Shapiro, Young et al., 1988). The main dopamine production sites in the brain are the substantia nigra (SN) and ventral tegmental area (VTA). Among their principal projection sites is the striatum, which has facilitory and inhibitory influences on movement, depending on the dopamine innervation it receives from the SN and VTA (Devinsky, 1983).

The notion of a defective dopamine system is supported by a number of facts. Among them are the therapeutic effectiveness of dopamine antagonists, the appearance of tics after withdrawal from neuroleptic drugs, the exacerbation of tics after administration of agents that increase central monoaminergic activity, and the reduction of dopamine metabolites in the CSF (Singer, Hahn, & Moran, 1991).

One of the most popular theories of TS pathophysiology, the dopaminergic hypothesis, is in line with this emphasis among researchers. It postulates that excess of dopamine in the central nervous system (CSN) or increased sensitivity of dopamine receptors is the underlying mechanism in the pathology in TS (Singer, 1994).

The main dopamine receptors are D1 and D2 receptors, which can be further divided into postsynaptic receptors and autoreceptors (positioned on the soma, dendrites, or nerve terminals of the cell). These receptors can exhibit adaptive changes following chronic exposure to dopamine antagonists or agonists. Prolonged exposure to antagonists increases the number of dopamine binding sites, leading to supersensitivity to dopamine agonists. Likewise, administrations of dopamine agonists can decrease the number of dopamine binding sites, resulting in subsensitivity to dopamine (Copper, Bloom, & Roth, 1996). This can make it difficult to determine whether the abnormalities are due to excess of dopamine or hypersensitivity to dopamine.

One way to assess if the receptors are hypersensitive or the amount of dopamine is excessive is to measure the metabolites of dopamine in the cerebral spinal fluid (CSF). The accumulation of homovanillic acid (HVA), dihydroxyphenylacetic acid (DOPAC), or 3-methoxytyramine (3-MT) in the CSF measures the dopamine activity in the brain, with HVA being the most common reference point. If TS were secondary to increased release of dopamine from axon terminals, excessive accumulation of one of these metabolites would be expected in the CSF of TS patients. However, compared to controls TS patients have a significantly lower level of HVA level in the CSF. This has lead to the speculation that TS may be mediated by hypersensitive rather than hyperactive dopamine neurones (Devinsky, 1983; Singer et al., 1982; Singer, 1994).

The effectiveness of neuroleptics, the most common medication in TS, does not correlate with their ability to block dopamine stimulated adenylate cyclase in TS patients. This suggests that TS symptoms may not be related to hypersensitivity of D1 receptors, since they are linked to adenylate cyclase. Since the D2 receptor is not linked to adenylate cyclase, symptoms in TS might be related to hypersensitive D2 receptors (Stahl & Berger, 1982).

The D2 receptor has, therefore, received much attention among TS researchers. It seems to respond more strongly to dopamine and when stimulated can cause stereotyped movements and hyperactivity often seen in TS. The D2 receptor is also thought to inhibit dopamine synthesis and release. Stimulation of D2 autoreceptors in the somadendritic regions results in slower firing rate of dopamine neurones, while stimulation of D2 autoreceptors on the nerve terminals inhibits dopamine synthesis and release (Comings, 1990; Copper, Bloom, & Roth 1996). If this is the case, it could be predicted that TS symptoms would improve by the use of specific D2 blockers.

Another neurotransmitter that has received attention in TS is serotonin (5-hydroxytryptophan, 5-HT). It has sometimes been labelled the controlling neurotransmitter in the brain, because of its vast influence on impulse control. It has, among other, regulatory influence on motor control directed by the striatum and primitive emotions arising from the limbic system.

The main serotonin pathways originate in the raphe nucleus. Lesions in the raphe nucleus or reduction of serotonin can compromise the brain’s ability to inhibit behaviour and its response to novel stimuli. Serotonergic neurones in the raphe nucleus have modulatory effects on dopaminergic neurones in the substantia nigra and ventral tegmental area, thereby exerting a modulatory effect on movement through its indirect influence on the striatum. Studies of CSF in TS patients have shown that levels of the serotonin metabolite 5-HIAA (5-hydroxyindole acetic acid) are lower than in controls. This lowered serotonin level could explain many of the symptoms seen in TS, since it can lead to a variety of disorders such as hyperactivity, impulsivity, depression, aggression, and anxiety (Coming, 1990).

The biggest role in the brain chemistry of TS is thought to be played by the monoamine neurotransmitters and their relationship, where serotonin plays the role of a behavioural inhibitor, and the catecholamines (dopamine and norepinephrine) act as behavioural stimulators. Bornstein and Baker (1990) measured the level in several aminergic systems of TS patients. They found lower levels of p-tyramine, serotonin, beta-phenylethylamine (PEA), and MHPG (3-methoxy-4-hydroxyphenylglycol) in TS patients. When controlled for the effects of drugs, most changes were found in PEA. It is known that PEA has an effect on brain serotonin, norepinephrine, and dopamine.

Knott and Hutson (1982) observed an augmentation in TS severity with a rise in the ratio between HVA and 5-HIAA in the CSF. They suggested that a possible dopamine and serotonin imbalance could be responsible for the symptoms seen in TS. This suggestion gains some support from the fact that tyrosine, the dopamine and norepinephrine precursor, competes with tryptophan, a serotonin precursor, for transport across the blood brain barrier (BBB). Thus, when tryptophan transport is increased, tyrosine is decreased, leading to a higher serotonin to dopamine/norepinephrine ratio, and vice versa (Singer et al., 1982). Studies have, however, shown that both 5-HIAA and HVA levels are low in TS patients. This competition for transport across the BBB does, therefore, not seem to be the underlying problem in the brain chemistry of TS.

It cannot be concluded from studies to date whether the catecholaminergic system itself is responsible for the symptoms in TS, or if they are due to dysfunction in other transmitter systems (Singer et al., 1982). Many of the symptoms seen in TS can, however, be explained by abnormalities in dopamine and serotonin. The presence of frontal lobe symptoms suggests a deficit in frontal dopamine or serotonin pathways. Tics and other disinhibited behaviour indicate a disturbance of basal ganglia and limbic system dopamine or serotonin pathways (Brett, Curtis, Robertson et al., 1995). The question of the neurotransmitter disturbances in TS seems to boil down to be a chicken and egg question, where the question is what comes first, serotonin disturbances affecting dopamine or dopamine disturbance affecting serotonin.

Functional anatomy of the basal ganglia

The basal ganglia are thought to facilitate movements and behaviour, which are required and appropriate in any particular context, and to restrain inappropriate movements/behaviours. It has extensive connections to the cerebral cortex with almost the entire cortex sending axons to the striatum. Among the most important projections to the basal ganglia are those coming from the prefrontal areas. The prefrontal areas have been implicated in executive functions
, with important functions such as the control of attention, planning, abstraction, and activation of behaviour attributed to them (Crossman & Neary, 1995; Schachar, 1991).

Weinberger used the terms intrinsic and extrinsic when referring to the site of damage resulting in executive dysfunctions. Intrinsic refers to damage within the prefrontal cortex and extrinsic to damage outside it (see in Pennington & Ozonoff, 1996). Disruption of the connection between the frontal lobes and basal ganglia/striatum or damage in either of them can lead to disturbances in executive functions (McPhearson & Cummings, 1996).

The striatum is thought to be a part of a system that translates cognition into action. Damage to the striatum can lead to poor temporal ordering and deficits in short term-memory processing, cognitive flexibility, and the ability to generate and shift ideas or strategies. Damage to prefrontal areas can lead to dysfunctions in recency discrimination, short-term memory processing and the ability to develop strategies for problem solving (Kolb & Whishaw,1996; Lezak, 1995; Sagar, Sullivan, Gabrieli, Corkin, & Growdon, 1988; Sagar, Cohen, Sullivan, Corkin, & Growdon, 1988; Strick & Middleton, 1999).

The connectivity between the basal ganglia and prefrontal areas appears to be essential in the regulation of voluntary motor behaviour, enabling the basal ganglia to regulate specific cortical areas by stimulating or inhibiting them via several cortical-subcortical circuits (Alexander, Delong & Strick, 1986; Coté & Crutcher, 1991).

These circuits are all similar in principle, starting with projections from cortical areas to the striatum - corticostriate projections. The striatum projects to the globus pallidus interna (GPi) and globus pallidus externa (GPe) - striopallidal projections - which project to the thalamus - pallidothalamic projections -, that complete these loops by projecting to the cortex - thalamocortical projections. These circuits are topographically organised, with specific cortical areas projecting to different parts of the striatum, which therefore have specific behavioural functions (Crossman & Neary, 1995; Nolte, 1993).

The best described of these circuits are the oculomotor circuit, which connects the frontal eye fields and the central region of the caudate nucleus. The motor circuit that arises mainly in the supplementary motor cortex and projects to the putamen. These two circuits are dedicated to motor functions. The dorsolateral prefrontal circuit connects the head of the caudate nucleus and Brodmann´s areas 9 and 10. This circuit is involved in motor planning and executive behaviour, such as goal-directed behaviour, planning, flexibility, and inhibition of inappropriate responses. The orbitofrontal circuit originates in the inferolateral and orbital prefrontal cortex and projects to ventromedial caudate nucleus. This circuit is associated with socially appropriate behaviour and personality. The circuit between the anterior cingulate gyrus and the ventral striatum is called the anterior cingulate circuit, mediating motivated behaviour.

Though the description of these frontal-subcortical circuits seem exhaustive the divisions may be arbitrary, and certainly are open to further subdivisions. The function of these frontal-subcortical circuits has yet to be characterised more fully and understood in details. In addition to these above mentioned circuits, the individual nuclei of the basal ganglia furthermore participate in several subsidiary circuits, which serve to modify transmission through the basal ganglia - thalamocortical pathways (Alexander et al., 1986; Leckman, Walker, Goodman et al., 1994; Mega & Cummings, 1994; Ozonoff, Strayer, McMahon,et al., 1994; Shapiro, Shapiro, Young, & Feinberg, 1988; Singer, 1994; Singer, 1997).

Three circuits are crucial in modulating the output from these cortical-subcortical circuits, the nigrostriatal pathway, and the direct and indirect loop.

The nature of this modulation depends upon the neurotransmitters within these loops, such as -aminobutyric acid (GABA), glutamate, dopamine (DA), and acetylcholine (ACh) (Rausch, 1996).

The nigrostriatal pathway consists of dopamine-ergic axons from the substantia nigra pars compacta (SNpc) to the striatum. Efferents from the SNpc terminate on DA1 receptors in the direct loop facilitating them and on DA2 receptors in the indirect loop inhibiting them. One role of the nigrostriatal pathway is to activate the direct loop and inhibit the indirect loop.

The direct and indirect loops both start with an excitatory glutamate corticostriate input, terminating in the striatum (Cooper, Bloom, Roth, 1996; Mega & Cummings, 1994).

In the direct loop striatal neurones, excited by action of dopamine on their DA1 receptors, send GABA-ergic and substance P efferents to the globus pallidus interna and substantia nigra pars reticulata (SNr). The globus pallidus interna and substantia nigra pars reticulata send GABA-ergic efferents to the thalamus via the thalamic fasciculus, composed of the lenticular fasciculus and ansa lenticularis. The thalamus then closes the loop by a glutamate projection to the cortex. The direct loop has an inhibitory effect on the globus pallidus interna output that is itself inhibitory, resulting in increased activation of thalamocortical neurones that facilitate movements by exciting the supplementary motor and motor cortices.

In the indirect loop, striatal neurones inhibited by dopamine action on their D2 receptors send GABA-ergic and enkephalin efferents to the globus pallidus externa. The globus pallidus externa sends inhibitory projections to the subthalamic nucleus (STN) via the subthalamic fasciculus. The subthalamic nucleus in turn sends excitatory efferents to the globus pallidus interna and substantia nigra pars reticulata. The rest of the indirect loop is identical to the direct loop. The indirect loop inhibits the thalamic output and thus excitation of the motor cortex (Coté & Crutcher, 1991; Nolte, 1993; Strick & Middelton, 1997).

The major efferents of the basal ganglia from the globus pallidus interna and the substantia nigra pars reticulata, projecting to the mediodorsal, ventral lateral, and ventral anterior nuclei of the thalamus. These thalamic nuclei then send efferents to the motor, premotor, prefrontal, and supplementary cortices (Coté & Crutcher, 1991).

Figure 1. Connectivity within the basal ganglia and cortex

There are two different pathways through the basal ganglia: the direct loop from the striatum to the output nuclei and the indirect loop through the subthalamic nucleus. This figure represents the possible interactions of different neurotransmitters within the basal ganglia. Black arrows represent inhibitory pathways; white arrows represent excitatory projections. Picture taken from Cote & Crutcher (1991) p. 653.
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Treatment in TS

Findings from neuroimaging, neurotransmitter, and anatomy studies have provided important information leading to progress in treatment resources, mainly though medical treatment, available for TS patients. In most cases, however, the TS symptoms are mild and do not need treatment of any kind. Many of the mildly affected TS patients are often looking for assurance that this ailment is not that unusual, bizarre or life threatening. Parents of mildly affected TS children are similarly just happy with a name for the ailment and booklets for teachers and relatives (Robertson, 1989).

Through the years, all kinds of treatments have been tried in TS. An important part in the treatment of TS is educating the patient and his family about the disorder, thus facilitating a healthy adjustment to the disorder. Family treatment often helps to shed light on the role the TS patient plays in the family. Is the patient overprotected? Are parents preoccupied with the “sick” child, neglecting other children? Is the TS patient a source of embarrassment for the family? Through family treatment, family members gain knowledge about the symptoms of TS and how they can affect the family, resulting in better ways to deal with the syndrome.

Psychotherapy can provide useful methods for coping with and reducing the difficulties of living with tics. Behavioural therapies, such as relaxation training, massed negative practice, and contingency management have also been used in TS. In massed negative practice, the patient performs a target tic repeatedly. The rationale behind this type of therapy is that the patient becomes tired of performing the tic, leading to a decrease in its frequency. In contingency management, the patient is positively reinforced for not performing tics. As stress is known to increase tics, relaxation training is meant to enable patients to deal with life stresses by using deep breathing, and muscular tensing and relaxing techniques as a way to reduce tics (Friedman, 1980; Kurlan, 1997; Robertson & Baron-Cohen, 1998).

The above-mentioned therapies have unfortunately seldom been successful in reducing tics, but have on the other hand helped in reducing the associated behaviour of TS. They have in many cases enabled TS patients to gain some sense of self-control over these inappropriate behaviours and thereby reduce their frequency.
The most potent treatment of tics and some of the associated behaviours in TS is the use of medication. It should, however, not be considered unless tics are functionally disabling and not remediable through nonpharmacologic methods.
From the 1960s, haldolperidol (Haldol) has been the most used drug when trying to treat tics in TS. Haldol has its effects by blocking DA2 receptors, being most effective in low doses. It most likely blocks the postsynaptic DA2 receptors, whereas the blocking of DA2 autoreceptors results in augmented DA activity. About 80% of TS patients benefit from the use of Haldol. Due to side effects, such as sedation, school or social phobias, memory problems, intellectual dulling, parkinsonian symptoms or even tardive dyskinesia, only 20 - 30% of patients continue to use it. The use of Haldol has, therefore, decreased over the past years (Comings, 1990; Copper et al., 1996).

Pimozide (Orap) appears to be as effective as Haldol and other neuroleptics in suppressing tics. It has a long half-life (55 hours) so a single daily dosage may be feasible. It has less sedative effect than Haldol and is often preferred by patients because of that. In early studies concerns about cardiotoxicity were raised, so electrocardiogram monitoring is recommended because of the possibility of prolonged Q-T interval (Robertson, 1989).

Clonidine (Catapres), an 2-receptor agonist, is thought to reduce central NE activity. In addition to reducing the simple motor and phonic tics, clonidine seems especially useful in improving attentional problems and ameliorating complex motor and phonic symptoms.

It has a low incidence of side effect, the most prominent being sedation, appearing early in the course of treatment and if the dose is increased quickly (Singer & Walkup, 1991).


Among the drugs that have been used when treating ADHD symptoms in TS are methylphenidate (Ritalin) and dextroamphetamine sulfate (Dexedrine). They act by enhancing the function of dopamine and norepinephrine neurones in the frontal lobes, leading to increased concentration and attention. It furthermore decreases aggressiveness, disobedience, distractibility, and hyperactivity. The individual is therefore able to focus on his school tasks or participate in social activities.

The use of stimulants can sometimes increase tics or even cause tics. When this happens it is most often treated by a moderate increase in neuroleptic medication, such as Haldol or Orap. The more common side effects are decreased appetite or insomnia (Comings, 1990).

Among the pharmacological interventions for obsessive-compulsive symptoms in TS, are antidepressant medications such as clomipramine (Anafranil) and fluoxetin (Fontex, Serol) or other selective serotonin reuptake inhibitors (SSRI).

Anafranil is a tricyclic antidepressant drug that unlike other tricyclics potentially inhibits serotonin reuptake. In addition to ameliorating depression and suppressing obsessive compulsive symptoms, Anafranil has been beneficial in the control of oppositional behaviour. Prominent among the side effects of Anafranil are so called anticholinergic side effects, such as dry mouth, blurred vision, and constipation. Cardiac dysrhytmias and hypotension are also known side effects. Other common side effects are nausea and tremor.
Fontex is a selective serotonin reuptake inhibitor and is generally well tolerated. In addition to relieving depression and controlling for obsessive-compulsive symptoms in TS, it has been beneficial in treatments of obesity, alcohol abuse, and panic attacks. Fontex has fewer side effects than Anafranil with the most common being sedation, nausea, insomnia, lack of appetite, tremor, hypomanic behaviour, or dry mouth (Bruun, et al., 1997; King et al., 1992; Snyder, 1996).

To date there is no cure for TS, but a wide range of medications are useful in the treatment of tics and associated behaviours in TS. The above-mentioned drugs may be the best known or most commonly prescribed, but are far from being the only ones used.

Because of the frequently changing severity and fluctuation in symptoms in TS, the results of treatment are often difficult to evaluate. TS patients respond to medication in different ways. In some cases the symptoms can nearly disappear while in others they can become worse and sometimes the side effects are more disrupting than the tics they were meant to suppress. It may therefore take some time for a TS patient to find the appropriate medication and dose size. A careful assessment of the benefits versus the risks should herefore be undertaken before a chemical treatment is started.

The Neuropsychology of TS

The rationale for conducting a neuropsychological assessment is to provide information about the nature of the dysfunction afflicting an individual. Cognitive dysfunction can among other be organic in origin or chemically induced, for example side effects such as memory problems and intellectual dulling following drug treatment. What ever the cause of the dysfunction neuropsychological assessment assists in the formulation of a rehabilitation program by assessing the impact of the dysfunction upon the individual.

In general when conducting a neuropsychological assessment one tries to evaluate as many cognitive domains as possible, preferably with more than one measurement in each domain. There are various ways to conduct a neuropsychological examination, with some researchers favouring a standard battery of tests, whereas others are more inclined to use a more flexible approach and select tests according to the referral question (Miller, 1992; Rao, 1996).

Despite the fact that several studies have reported neuropsychological abnormalities in TS patients, the neuropsychological status of TS is incomplete. This is mainly because the abnormalities have not been consistent so their nature and severity have not been well established (Bornstein et al., 1983). Researchers have explained these inconsistencies in a number of ways.

First, sample size in many of these studies has often been small, with some samples having as few as three subjects (Joschko & Rourke, 1982).

Second, some studies have lacked control groups or used neuropsychological tests that are not based on normative data (Como, 1996; Randolph, Hyde, Gold et al, 1993). Other studies have used normative data, which sometimes are collected for a single test, and norms based on single test studies are often not representative. With neuropsychological studies typically incorporating a comprehensive battery of tests, fluctuations in motivation and fatigue can affect the performance. This can lead to spurious findings when the subjects that have gone through the comprehensive battery are compared to a single test normative data (Schultz, 1998).

Third, some samples have been comprised of subjects treated in clinics or psychiatric wards, increasing the risk of ascertainment bias. TS patients needing hospitalisation are more severely afflicted with TS than those not needing hospitalisation, thus having more neuropsychological or even psychopathological impairments (Shapiro et al., 1988).

Fourth, some studies have grouped together individuals with TS-only, TS+ADHD, TS-ADHD, or TS-OCD, young and old TS patients, or those with early and late onset TS. This composite of TS subjects can have complications when it comes to interpreting the findings. According to Bornstein et al. (1983) and Schuerholz et al. (1996) neuropsychological abnormalities are not common in younger TS patients, they occur later and become more prominent as the disorder progresses. It can, therefore, be misleading to draw conclusions from a sample that is made up of young and old TS patients. Furthermore, by using TS patients with various comorbid conditions one runs the risk of masking important neuropsychological differences that may exist between these subgroups. This heterogeneity in the research group can prevent a careful comparison of homogeneous subgroups of TS patients (Como, 1993; Robertson & Baron-Cohen, 1996).

Fifth, researchers have often failed to specify if subjects are receiving medication at the time of testing. Medication used to suppress tics can in some cases cause cognitive blunting, impairment of working memory, or decreased motor speed (Como, 1993). On the other hand, results from a study on medicated and unmedicated TS patients by Bornstein and Yang in 1991 indicate that TS patients, not suffering from intolerable side effects, are capable of normal performance on neuropsychological tasks and educational attainment.

Finally, studies have often failed to quantify the severity and characteristics of tics that can interfere with cognitive, motor, or intellectual tasks. Bornstein (1990) found a significant association between tic severity and global neuropsychological performance, with severe tics being associated with a greater degree of impairment. Severe vocal and motor tics can hinder performance on tasks with time limits, resulting in lower scores and thus leading to invalid conclusions of impaired performance. Furthermore, the physical and mental energy used to restrain tics may impede sustained attention and hence other cognitive functions (Como, 1996).

Another problem regarding the neuropsychological status of TS is the way researchers classify the tests that they use. The Rey Complex Figure (RCF) for example can tap visual, motor, executive, and memory functions. If TS patients show impairments on the RCF the reasons for the impaired performance can be several, residing in one or more of the above-mentioned domains. Without more extensive testing in these cognitive domains one can draw the wrong conclusion from the results. If for example the researcher has classified the RCF as a memory test, one would be inclined to say that TS patients exhibited memory impairments. If the researcher had, on the other hand, classified the RCF as a measure of executive function it could be said that TS patients exhibited executive dysfunctions.

Reported impairments from many of the comprehensive studies on the neuropsychology of TS should therefore only be used as indicators of the underlying impairment, since maybe only one of the two tests used to assess the cognitive domain revealed impairments. These findings should however be acted upon by a more specific research on the domain where the impairment was found.

Table 1. Neuropsychological studies of TS reviewed in this study

Study
TS sample
Control group



Sutherland et al., 1982
32 TS*
47

Brookshire et al., 1994
31 TS*
20

Ozonoff et al., 1994
14 TS only
14

Schuerholz et al., 1996
21 TS only

19 TS + ADHD

25 TS +/- ADHD
27

Schuerholz et al., 1998
18 TS only

23 TS + ADHD
36

Schultz et al., 1998
34 TS + ADHD

16 TS – ADHD 
23

Sherman et al., 1998
21 TS only 

14 TS + ADHD 
18 

Joschko and Rourke 1982
3
0

Incagnoli and Kane 1982
13
0

Bornstein et al., 1983
7
0

Bornstein and Yang 1991
51 medicated

45 nonmedicated
0

Randolph et al., 1993
12 twin pairs thereof

12 individuals less severe TS

12 individuals more severe TS


0

* No reports of comorbid condition in the TS sample

General intelligence

The scores of TS patients vary considerably on intelligence tests such as the Wechsler intelligence scales (WISC/WAIS) or Wide Range Achievement Test (WRAT), but on the whole they score in the normal range (Incagnoli & Kane, 1982; Randolph et al., 1993). There have, however, been reports of discrepancies between the verbal and performance scales on the Wechsler intelligence scales. In study from 1974, Shapiro, Shapiro, and Clarkin report data on 30 patients with TS using the WAIS on 16 patients and WISC on 14 patients. Among those tested with the WAIS 69% had a verbal IQ that was 15 points or higher than the performance IQ. Among those tested with the WISC 50% had a discrepancy between the verbal and performance scale that was 15 points or more (see in Shapiro et al., 1988).

Sutherland et al. (1982) found that the performance IQ of TS subjects older than nine years was impaired, but not their verbal IQ or full scale IQ.

Ozonoff et al. (1994) reported a mean verbal IQ of 100.8 and a mean performance IQ of 98.86 among the TS patients on the WISC-R, and no instances of discrepancy. Brookshire et al. (1994) found similar results in their study, with the mean verbal IQ being 99.5 and mean performance IQ 100.1 among the TS patients. The IQ score of the TS group in Brookshire´s study was however, substantially lower than the IQ score seen in the control group.

Schuerholz et al. (1996) did not report a discrepancy between the verbal and performance IQ when comparing TS-only, TS +ADHD, and TS+/- ADHD
, and a comparison group. They, however, reported learning disabilities in 34% of the TS + ADHD and TS +/- ADHD patients. The TS-only group, on the other hand, did not show any learning disabilities.

Sherman, Shepard, Joschko, and Freeman (1998) compared 21 TS-only, 14 TS + ADHD, and 18 controls on the Wechsler Full Scale IQ. The TS +ADHD group (IQ 99.2) performed significantly worse than the controls (IQ 112.8) and the TS-only (106.5). They did not report discrepancies of more than 15 points between the verbal and performance scale.

Incagnoli and Kane (1982) reported a discrepancy between the verbal and performance IQ in four of their 13 subjects, and Golden (1984) reported that two of nine patients had a discrepancy between the verbal and performance scales. The direction of this discrepancy was not reported in these two studies.

Bornstein, King, and Carroll (1983) did not find a statistically significant discrepancy between the Wechsler scales in their TS subjects; four of seven subjects did however have a verbal-performance discrepancy of greater than 10 points. Bornstein and Yang (1991) compared medicated and unmedicated TS patients on the WISC-R, WAIS-R, and WRAT. The groups did not differ on these tests or any other neuropsychological measures used.

Joschko and Rourke (1982) examined three TS patients and all scored in the normal range on the Wechsler intelligence scales. One individual had a performance IQ that was more than 15 points higher than the verbal IQ.

The studies of Incagnoli and Kane; Golden, Bornstein et al.; Bornstein and Yang; and Joschko and Rourke did not have a comparison group. They used age-based norms instead.

It does not appear to have any effect whether the TS patients are compared to a control group or age based norms. In both cases their performance is within the normal range on tests of general intelligence.

The reports of discrepancies between the verbal and performance IQ have been contradictory, with some reporting a higher verbal IQ while others report a higher performance IQ. Those reporting these discrepancies have noted that they are more common in older TS subjects (Shapiro et al., 1974; Sutherland et al., 1982). This is in accordance with the findings by Bornstein et al. (1983) and Schuerholz et al. (1996) that neuropsychological abnormalities are more common in older TS patients and can become more prominent as the disorder progresses.

Overall TS patients appear to perform in the normal range on tests of general intelligence.

Language

Language skills measured by the performance on verbal subtests of the WISC or WAIS seem to be largely intact in TS patients. Specific verbal difficulties have however been reported in a number of studies.

Sutherland et al. (1982) used the Token test and Newcombe Word Fluency Test and found that the verbal fluency in the TS patients was low compared to controls. In three one-minute trials, TS patients could give a mean of 52 words but the control group generated a mean of 60 words. Brookshire et al. (1994) compared TS patients and controls on the Vocabulary test of the WISC-R and the Oral Fluency Test. Their results showed that the TS group scored significantly lower on both tests than the control group.

Schuerholz et al. (1996) compared three groups of TS patients (TS -only, TS +ADHD, TS +/-ADHD) and a control group on three neuropsychological variables of linguistic processing, the Boston Naming Test (BNT), Phoneme Segmentation (PH SEG), and Rapid Automatized Naming (NUMLETs). They also used a Letter Word Fluency (LWF) test, but utilised it as a measure of executive functions. Their results indicate that the groups did not differ significantly on the BNT and the NUMLETs. On the PH SEG, the TS +ADHD and TS +/-ADHD scored significantly lower than the control group. On the LWF the TS-only and TS +/-ADHD scored significantly lower than the control group. The TS + ADHD was significantly better than the TS +/- ADHD group, and in fact performed at the same level as the control group on this test.

In 1998, Schuerholz et al. compared a TS only, TS +ADHD, and a control group, using similar tests as in the 1996 study. Their results revealed that the TS + ADHD group was significantly slower than the TS-only group on the NUMLETs, whereas in the 1996 study the groups did not differ on this measure. On the LWF task the TS-only subjects scored significantly lower when compared to the TS+ADHD. In the 1996 study, the TS-only group also performed worse on the LWF task but the difference did not reach the significance level.

As can be seen from these studies linguistic skills of TS patients are relatively intact. The most frequently reported deficit is on the Fluency Test (FAS/LWF), where the subjects are to produce as many words beginning with a specific letter, or as many animals, or objects belonging to a specific category (fruits, clothing) within one minute. This deficit on the Fluency Tests appears to be constricted to the Letter Word Fluency Part of the test (Sutherland et al., 1982; Brookshire et al., 1994; Schuerholz et al., 1996; 1998), whereas Randolph et al. (1993) and Schuerholz et al. (1996) did not find any deficits on the Category part of the test in their sample of TS patients.
The FAS/LWF test has been found to be very sensitive to frontal lobe damage particularly left side damage. The sensitivity of the test probably resides in that the generation of lists of words based on their initial letter is an unusual activity and demands that subjects devise their own strategy. Poor word-list generation could, therefore, be a sign of fronto-striatal inefficiency resulting in slowing of mental search and linguistic productivity (Lezak, 1995; Parker & Crawford, 1992).

Contrary to these results, Ludlow, Polinsky, Caine et al. (1982) did not find this deficit on the Letter Word Fluency Test in their sample of TS subjects.

These deficits shown by many TS patients on the Letter Word Fluency Test can be explained by the fact that this test also taxes executive functions. This deficit can thus be accounted for by impairments in executive functions, rather than by linguistic factors entirely.

Motor and Visual Motor Skills 

Despite the fact that motor tics are among of the cardinal features in TS, motor or visual motor skills have not been examined thoroughly in many studies.


Incagnoli and Kane (1982) reported that their TS patients’ performance on the Bender-Gestalt test was 16 months below the chronological age. Furthermore, the TS patients performed most poorly on the coding subtest of the WISC-R or the WAIS.

Joschko and Rourke’s (1982) extensive neuropsychological study on three TS individuals did not reveal any significant difficulties regarding motor or psychomotor abilities. The performance of the subjects was overall in the average to above average range.

In Bornstein’s et al. study from 1983, TS patients scored most often in the impaired range on tests that required motor and/or visual skills. On the Grooved Pegboard Test, the performance of four of seven TS patients was more than one standard deviation (SD) below the mean of published age norms. Other tests with a large motor component that were in the impaired range were the Trail Making B (four of seven impaired) and Tactual Performance Test (five of seven impaired). Bornstein and Yang (1991) did not find a significant difference on the performance of medicated and unmedicated TS patients on the Grooved Pegboard Test or Trail Making A and B.

Randolph et al. (1993) divided twin pairs into twins with less severe and more severe TS. They found that the more severe TS group performed significantly better on the Purdue Pegboard Test, but only with the dominant hand. The groups did not differ on the Finger Tapping Test. The alpha level in this analysis was, however, not adjusted for multiple comparisons so there is a possibility of a Type I error biasing the results.

Brookshire et al. (1994) did not find a significant difference between the TS group and controls on tests requiring visual motor skills such as the Block Design and Object Assembly of the WISC. The groups did however differ significantly on the Coding of WISC. The TS group, furthermore, tended to perform worse (non significantly) than the controls on the Grooved Pegboard Test.

Schultz et al. (1998) reported that TS patients scored significantly lower than the control group on all three conditions (dominant, nondominant, bimanual) of the Purdue Pegboard Test.

Several researchers have used the Rey Complex Figure (RCF) when assessing the visual and visual-motor abilities in TS patients. Most researchers have reported that TS patients perform in the normal range (Randolph et al., 1993; Schuerholz et al., 1998; Schultz et al., 1998), but Sutherland et al. (1982) reported impaired performance on the RCF. Schuerholz et al. (1996), on the other hand, reported that TS patients performed significantly better than the control group on the copying of the RCF.

After reviewing these studies it appears that no one particular neuropsychological test is specifically sensitive when it comes to revealing impairments in motor or visual-motor abilities in TS patients. In those instances where impairments have been reported in the performance of TS patients the results have been contradictory. To complicate the interpretation of the results even more, tests of visual-motor integration are compound measures, requiring fine-motor co-ordination and visual-perceptual ability, in addition to the integration of visual-perceptual analyses into motor programs, intact motor impulse control and sustained attention for successful performance (Schultz, Carter, Gladstone, Scahill, Leckman, Peterson et al. 1998). The impairments shown by TS patients on tests of motor or visual-motor tests could therefore be due to difficulties in one or many of the above-mentioned domains.

Memory

Memory involves the complex of systems by means of which an individual registers, stores, retains, and retrieves previous experiences (Lezak 1995). Memory can be divided into several categories, but by using a rough division of memory, one could talk of two categories, primary (short-term, working memory) and secondary (long-term) memory. These two categories can furthermore be subdivided into visual and verbal categories.

Primary memory refers to the information processing system dedicated to the temporary storage of memory. This system is thought to include a rehearsal mechanism required to activate information for greater processing and consolidation processes.

Secondary memory represents a larger capacity, more permanent storage of newly acquired information that has been consolidated from primary memory (Rao, 1996). There are many tests that have been used when assessing memory functions in people, ranging from the Digit Span of the WISC/WAIS to tests that are more specific.

According to Sutherland et al. (1982) drawing from memory of the Rey Complex Figure and delayed recall of the Wechsler Memory Figure were performed significantly worse by the TS patients compared to controls. The TS subjects’ performance was, furthermore, significantly impaired on the immediate recall of a verbally presented story. They performed within normal limits, however, on the Paired Associates of the Wechsler Memory Scale. Bornstein and Yang (1991) found no difference in the performance of medicated and unmedicated TS patients on the Logical Memory of the Wechsler Memory Scale in their study.

Randolph et al. (1993) used the California Verbal Memory Test and Rey Complex Figure and found no difference between performance of severe and less severe TS patients.

Brookshire et al. (1994) used the Verbal and Non-verbal Selective Reminding Test and found that the TS group performed in a similar way as the control group on both the verbal and non-verbal part.

Though this review of memory studies on TS is nowhere near exhaustive few studies have focused purely or in depth on memory functions in TS. Since many of these studies have not divided TS patients into groups according to a comorbid condition, it is hard to say whether the impairment is due to TS solely or to a comorbid condition such as ADHD or OCD. It is therefore difficult to draw any firm conclusions from those studies that have reported memory impairments in TS patients.

Attention and Executive functions 

Attentional processes can be differentiated theoretically such as vigilance, focused, selective, divided, or sustained attention, but they are in practice difficult to separate (Lezak, 1995). Many tests that have been devised to assess attentional processes inevitably tap several aspects of attention. Disturbances in attentional processes can affect memory and learning as well as other aspects of cognition (Spreen & Strauss, 1998). There are a number of ways to assess attentional deficits and the tests used are sensitive to more than one component of attention. The ability to monitor a target stimulus over an extended duration of time is called sustained attention or vigilance. This ability can be assessed by continuous performance tests (CPT) and letter cancellation tests, and is thought to influence performance in Coding of the WISC, Trails A and B. The Stroop and Trails A and B can assess focused attention. Underlining tests and Trails B can assess divided attention, that is the ability to perform two tasks simultaneously (Rao, 1996).

According to Como (1997) executive deficits are common among TS patients and can in some cases be more debilitating than the tics characterising the syndrome. Sutherland et al. (1982) reported that TS patients performed significantly worse on the Newcombe Word Fluency Test and on the copy of the Rey Complex Figure compared to controls. The groups did not differ on the Wisconsin Card Sorting Test (WCST).

Schuerholz et al. (1996) found that TS-only performed significantly better on the copy part of the Rey Complex Figure than the control, TS +ADHD, and TS +/- ADHD groups.

Gladstone et al. (1993) compared TS-only subjects to OCD subjects on the Wisconsin Card Sorting Test (WCST), and found that the TS group performed significantly worse than the OCD group. Bornstein (1991a) and Bornstein and Yang (1991) found no impairment on the WCST.

Bornstein et al. (1983) revealed an interesting pattern with the TS patients performing poorly on the Knox Cube Test, a measure of visual attention span. On the other hand, they scored in the average range on measures of auditory attention span.

Channon, Flynn, and Robertson (1992) administered a number of tests measuring attention to TS subjects and controls. Compared to the control group the TS patients performed significantly worse on the Corsi Block Test forward, cancellation task, mental arithmetic task, and Trail Making B. Bornstein (1991a), on the other hand, found no impairment on the Trail Making B among the TS subjects, compared to published norms.

Randolph et al. (1993) found that severe and less severe TS patients did not differ on measurements of executive functions such as the WCST or the categorical part (animal) of the Word Fluency test. The less severe TS group performed better than the more severe group on the vigilance and distraction parts of the continuous performance test. The groups did, however, not differ on the commission errors in vigilance or distraction parts of the test.

Ozonoff et al. (1994) used the Go-NoGo Task and H&S task to assess the executive functions in TS-only and controls. On the H&S task, participants are asked to classify eight different stimulus types, which appear on a computer screen, as either Hs or Ss. The stimuli consist of a large H, a large S, and a large X, made up by small H, S, or X´s. The results revealed no significant differences between the groups on neither the Go-NoGo tasks nor H&S task. Ozonoff and colleagues offered a number of explanations for these results. First, it was possible that the Go-NoGo task was too easy for the TS-only and that a measure with greater cognitive demands might have distinguished between the groups. Alternatively, there are many modalities of inhibition, and TS may involve a failure of motoric inhibition but not deficits in cognitive inhibition.

Schuerholz et al. (1996) studied executive functions by comparing three groups of TS patients (TS only, TS + ADHD, TS +/- ADHD) and a control group. On the executive measures, the groups differed on four of six measures. The TS-only had a better organisation score on the Rey Complex Figure than the other groups. On the Letter Word Fluency Test (LWF/FAS) the TS-only and TS +/-ADHD scored significantly lower than the control group, but the TS + ADHD was significantly better than the TS +/- ADHD group. Self-regulatory processes were measured by continuous performance tests. The TS-only group performed significantly better than the TS + ADHD and TS +/- ADHD groups. The TS + ADHD and TS +/- ADHD showed significantly more variability in the reaction time than the control group.

There was no difference between the groups on the Semantic Word Fluency (two categories, animals and food) or the Wisconsin Card Sorting Test.

In 1998 Schuerholz and colleagues examined three groups of boys and girls with TS-only, TS + ADHD and a control group. The results from this study indicate that the TS + ADHD group had a significantly greater variability in the reaction time on the continuous performance test than the TS-only and control groups. The TS-only group did not differ significantly from the control group on any of the neuropsychological variables. The TS-only, however, performed poorly on the LWF test when compared to the TS + ADHD group. Another important finding in this study was that girls with TS-only performed even worse than boys with TS-only on the LWF test. This is interesting since girls in general tend to have better linguistic skills than boys do.

Sherman et al. (1998) compared TS-only, TS + ADHD, and a control group on a continuous performance test, using norm based Z-scores as a reference point. Their results indicate that the performance of the TS-only (-0.81 z scores) and control group (0.19 z scores) was within the normal limits on measures of attention (number of hits). The mean of the TS + ADHD group was –1.68 z scores on the attention measure. The control group, on the other hand, performed significantly better (p < .001) on the attention part of the continuous performance test than both the TS groups. The TS-only performed significantly better (p < .004) than the TS + ADHD group. On measures of impulsivity (number of false alarms) the performance of the TS-only group was borderline (–1.49 z-scores) but the TS + ADHD was severely impaired (-3.28 z scores). The performance of the control group and the TS-only was not significantly different on the impulsivity measure. The groups performed within the normal range on the measures of variability and reaction time. When the variability of the response time was compared, controls had a significantly smaller (p < .005) variability in their response time than both the TS groups. No significant differences were found between the groups on the reaction time measurement.

Georgiou, Bradshaw, Phillips et al. (1995) tested the ability of TS patients to respond to relevant (congruent) and irrelevant (incongruent) stimuli. The test included five trials, where the subjects had to respond to visuospatial stimuli on a computer screen. Their results indicate that, compared to controls, TS patients performed worse when responding to various conflicting stimulus-response configurations. TS patients were more sensitive to irrelevant stimulus information (the Simon effect
), and showed difficulty in inhibiting an inappropriate response. Georgiou et al. concluded that the nature of TS patients’ attentional difficulties might reside in an inability to effectively shift and/or change cognitive sets. This inability to change cognitive sets can be related to basal ganglia-frontal disturbances often seen in TS, resulting in attentional problems and response inhibition.

Robertson and Baron-Cohen (1996) reported that TS patients performed far worse than controls when required to inhibit a particular response when it coincided with another. Robertson and Baron-Cohen explained these problems of response inhibition seen in TS patients by a mechanism they call the Intention Editor. The Intention Editor is required when two or more intentions are activated at the same time, but only one of them can be put into action. There is also the possibility that the Intention Editor is a subsystem in Shallice´s (1988) information processing model (see on page 14).

To date studies of executive function ability in TS patients reveal puzzlingly inconsistent findings. Many researchers have reported impairments on the letter part of the Verbal Fluency Test (Sutherland et al., 1982; Brookshire et al., 1994; Schuerholz et al., 1996 & 1998). Randolph et al. (1993) and Schuerholz et al. (1996), on the other hand, found no impairments on the categorical part of the Verbal Fluency Test. Bornstein (1991a) documented impairments in adults on the Category Test, but did not find the same impairments in younger subjects (Bornstein et al., 1991).

Sutherland et al. (1982) report impairments in the performance of TS patients on the Rey Complex Figure (RCF). Schuerholz et al. (1996), however, found that TS-only performed better than controls on the copying part of RCF, but TS +ADHD performed poorly on the task.

Gladstone et al. (1993) documented impairments in TS patients on the Wisconsin Card Sorting Test (WCST) when comparing them to OCD patients. This finding seems to be an exception from the rule since most researchers have failed to find impairments on the WCST in TS patients (Sutherland et al., 1982, Bornstein & Yang, 1991; Randolph et al., 1993).

Channon et al. (1992) found impairments on the Trails B whereas TS subjects in Bornstein´s study from 1991 performed within the normal range.

Robertson and Baron-Cohen (1996) and Georgiou et al. (1995) found evidence of inhibitory deficits in TS, while Channon et al. (1992) and Ozonoff et al. (1994) did not find any impairment in TS subjects on inhibitory tasks.

As can be seen the findings in executive function studies in TS are inconsistent. Poor performance on the LWF seems to be the only finding within the executive function domain that fairly consistently characterises children with TS.

However, in those studies that have divided TS patients into groups according to comorbid conditions such as ADHD or OCD, executive dysfunctions appear to be more common in TS patients with a comorbid condition (Schuerholz et al., 1996; 1998; Sherman et al., 1998). Since few researchers have excluded TS patients with comorbid conditions in their studies, the question arises if the executive dysfunctions reported in studies to date are artefacts of comorbid conditions in TS rather then specific to TS itself.

After reviewing these neuropsychological studies of TS, it appears that the overall level of performance of TS patients is not indicative of grossly impaired neuropsychological function. They, in fact, score in the average or above average range on intelligence tasks, and on most other measures they are close to normal means. To gain a better insight into the neuropsychological status of TS, future researchers must define their research groups more carefully. Where impairments have been reported they are in most instances linked to a comorbid condition, and it is therefore vital to subdivide TS patients into groups according to a comorbid condition.

As can be seen from the above there are several methodological problems that have hindered researchers in their search for the underlying neuropsychological impairment of TS. If one were to draw a conclusion about the neuropsychological status of TS patients from the literature to date it would only be tentative, and one could not be certain that the findings are applicable to TS patients with TS only, TS +ADHD, or TS +OCD.

After going through this review of TS it is apparent that it has been a source of debate and researches for more than a century. It, furthermore, appears that TS will supply researchers with material to study and debate for the coming future, for still today the etiology and cause of TS are not fully understood. When it comes to the neuropsychology it is clear that many questions still remain unanswered about the neuropsychological profile of TS. To confound matters even more results have been contradictory and when abnormalities have been reported they have been inconsistent.

In the second part of this thesis, the results from a study comparing the performance of 23 TS patients to a normal control group on several neuropsychological tests will be presented. The present study employed neuropsychological measures used in many previous studies of TS, in addition to two tests that have not been frequently used, the California Computerised Assessment Package (CALCAP), and Emotional Hexagon. The CALCAP is a computerised attention test and the Emotional Hexagon is a test of recognition of facial expressions of basic emotions.

The results on the neuropsychological measurements will be analysed to see if any specific cognitive impairment arise or just poor performance on random tests. If any specific impairment appear do they correspond to previous findings in the field? Furthermore, if possible, to examine if there is a difference in the performance on neuropsychological tests between those with TS only and those with a TS comorbid condition.
Part II

A neuropsychological assessment of 23 Tourette patients

Method

Before this study started the Tourette Syndrome Association of Iceland was contacted and asked for help in recruiting TS participants for the study. The chairman of the Tourette Syndrome Association made a list of 30 possible candidates that could be contacted. The parents of all these candidates were contacted and asked if they would agree on behalf of their children to participate. Of these 30 candidates 23 agreed to participate, but seven either declined or did not show up at the scheduled appointment. Those that did not show up at the scheduled appointment were contacted again and another appointment was scheduled. If the participants did not show up for the second appointment they were not contacted again. The participants had a confirmed TS diagnosis from a pediatric neurologist, and had had the diagnoses for some time before this study was started. All the participants met the Diagnostic and Statistical Manual of mental disorders-III-R (DSM-III-R; 1987) criteria for TS with chronic vocal and motor tics, duration of tics of more than one year, and age of onset before age 21 years. There were, however, no information regarding the severity of tics available. It was, therefore, not possible to divide the TS subjects into groups according to tic severity such as mild, moderate, or severe tics. None of the TS children in the study exhibited tics or any signs of hyperactivity that interfered with the test situation.

When the control group was gathered two schools were contacted. The headmasters in each school introduced the study to children between the age of 11 to 15 years, and those that were interested could sign up on a list. The parents of these possible candidates were then contacted and they asked if they would agree to participate on the behalf of their children. Everyone that was contacted showed great interest in the study and agreed to participate.

The parents of the participants were sent a package that included a description of the study and an informed consent. It furthermore included a questionnaire concerning medical history, an ADHD rating scale (DuPaul, Power, Anastopolous, & Reid, 1998), The Home Situation Questionnaire (HSQ; Barkley, 1987), and The Youth Self-Report version of Achenbach´s Child Behaviour CheckList (CBCL; Achenbach, 1991).

Subjects

The study group consisted of 23 Tourette syndrome (TS) patients aged 11 through 15 years. There were 22 boys and one girl in the TS group (see table 1).

The comparison group consisted of 25 children aged 11 - 15 years old. There were 16 boys and nine girls in the comparison group (see table 1). This group consisted of siblings of TS subjects (N=8) and children recruited via two schools in Reykjavik.

The groups were matched on age and education, but there was a significant difference between boys and girls in the two groups ((2= 7.277, p< .01).

Table 1. Demographics of Subjects


TS Subjects
Control Subjects

Number 
23
25

Handedness R:L
21
2
20
5

 Sex M:F
22
1
16
9




Mean
SD
Mean
SD

Age
12.91
1.53
12.96
1.59 

Birthweight (in grams)
3290
648.97
3511.28
485.87

Gestation (in weeks)
38.82
2.63
40.21
2.18

Age when tics started
5.9
2.45
No tics
No tics



In the TS group, 11 individuals were receiving medication: Three on Orap, Serol, and Rispertal; two on Seroxat and Aurorix, and one on each of the following Clomipramin, Anafranil, and Tegretol. Ten were medication free, and information was missing from two individuals.

Since there are no Icelandic tic severity scales available, the TS patients were divided into the following groups, TS-only, TS-medication, TS-medication + comorbid, and TS-comorbid, when trying to assess the severity of TS. According to the Child Behaviour Checklist (CBCL; Achenbach, 1991) and health information gathered from the participants, 10 TS patients could be classified as TS-only, eight as TS medication, three as TS-comorbid (ADAD) + medication, and one as TS-comorbid (OCD). Those TS patients with a T score of 65 or higher on the attention problem or thought problem subscales of the CBCL comprised the comorbid group.

In order to have two equal groups to compare, it was decided to combine the TS medication, TS-comorbid + medication, and TS-comorbid into one group. In the two new TS groups there were 10 in the TS only and 12 in the TS comorbid + medication. From the 23 TS participants, three did not return their CBCL; two of those individuals were receiving medication so they were placed in the TS medication group. Judging from the responses of the 20 participants it can be said that the occurrence of comorbid conditions is around 20% in this cohort of TS patients. This is considerably less compared to other studies reporting the occurrence of comorbid condition to be around 50%.

Assessment measures

The children were evaluated individually with a comprehensive battery of neuropsychological tests, including measures of general intelligence/ability, memory, executive functions, attention and concentration, language, motor, and visual perception (see table 2). Each evaluation took about three and half-hours. Parents completed a questionnaire concerning medical history, an ADHD rating scale (DuPaul et al., 1998) and the Home Situation Questionnaire (HSQ; Barkley, 1987), both checklists focusing on attention deficits. The children filled out the Youth Self-Report version of Achenbach´s Child Behaviour CheckList (CBCL).

Table 2. Summary of neuropsychological tests used in the study

Functional domain


Test name
Reference

1.
General


Intelligence
WISC : Vocabulary

WISC : Similarities

WISC : Comprehension

WISC : Information

Trail Making Test B
Wechsler, 1955; Lezak, 1995

Wechsler, 1955; Lezak, 1995

Wechsler, 1955; Lezak, 1995

Wechsler, 1955; Lezak, 1995

Lezak, 1995



2.
Memory
Logical Memory

15 Word Memory Test (AVLT)

Rey-Complex Figure : Recall

WISC : Digit Span


Halldorsson, 1992 

Halldorsson, 1992

Lezak, 1995; Spreen and Strauss, 1998

Wechsler, 1955; Lezak, 1995



3.
Executive 


Functions
Five-Point Test 

Stroop Test

Controlled Word Association Test (FAS/LWF)

Rey-Complex Figure : Organisation


Lezak, 1995

Spreen and Strauss, 1998

Spreen and Strauss, 1998

Spreen and Strauss, 1998



4.
Language 


WISC : Similarities 

WISC : Vocabulary

Controlled Word Association Test (FAS/LWF)


Wechsler, 1955; Lezak, 1995

Wechsler, 1955; Lezak 1995

Spreen and Strauss, 1998



5.
Attention and


Concentration
WISC : Digit Span 

WISC : Arithmetic

WISC : Digit Symbol

Trail Making Test A and B

D2- Test

Emotional Hexagon 

CALCAP 


Wechsler, 1955; Lezak, 1995

Wechsler, 1955; Lezak, 1995

Wechsler, 1955; Lezak, 1995

Lezak, 1995; Spreen and Strauss, 1998

    Brickenkamp, 1981; Dansk Psykologisk Forlag, 1993

    Sprengelmeyer et al., 1996

    Miller, 1994



6.
Motor
Grooved Pegboard Test

Trail Making Test A 


Bornstein, 1986; Lezak, 1995

Lezak, 1995; Spreen and Strauss, 1998



7.
Vision and 


Perception
WISC : Block Design

WISC : Picture Completion

WISC : Object Assembly

WISC : Picture Arrangement 

WISC : Digit Symbol


Wechsler, 1955; Lezak, 1995

Wechsler, 1955; Lezak, 1995

Wechsler, 1955; Lezak, 1995

Wechsler, 1955; Lezak, 1995

Wechsler, 1955; Lezak, 1995



The tests were administered in the following order

1. REY COPY



7.
REY DELAYED (45 MIN)

2. LEFT - RIGHT ORIENTATION
8.
GROOVED PEGBOARD TEST

3. REY 3 MINUTES


9. 
WECHSLER MEMORY SCALE STORY 

4. EMOTIONAL HEXAGON


(immediate)

5. CALCAP



10.
STROOP

6. WISC




11. 
D2
· Picture Completion

12.
TRAIL MAKING A and B

· Information


13.
15 WORD MEMORY TEST (AVLT)

· Coding



14.
ORAL FLUENCY (COWAT/FAS)

· Digit Span 


15.
WECHSLER MEMORY SCALE STORY 

· Comprehension



(20 min del.)

· Object Assembly


16.
DESIGN FLUENCY (FIVE POINT TEST)

· Vocabulary

· Block Design

· Arithmetic

· Similarities

· Picture Arrangement

Differences between the TS and Control group on neuropsychological variables were analysed by Student’s t-test for independent groups. Because of the multiple comparisons there is always the danger of a Type I error. The results from the Student’s t-tests were therefore corrected for by using the Bonferroni correction corresponding to the seven functional domains that the neuropsychological tests were meant to assess. This correction was performed by using the following equation (Howell, 1997).

(1=(/c

(1= the new alpha level

( = the old alpha level (.05)

c  = the number of measurements (in this case seven)

This resulted in the lowering of the alpha level from .05 to .007. The reported differences are thus based on the new alpha level .007 but will be referred to as alpha .05.

Group differences between the TS-Only, TS-Comorbid + Drugs, and Control groups were analysed by analysis of variance (Anova). Where significant differences were observed, Bonferroni post hoc analysis was used on all possible group pairs to determine which groups differed. On nominal variables such as gender, chi-square was used.

Results
Randolph et al. (1993) have pointed out the difference in the performance on neuropsychological tests in those having TS only and those with TS and a comorbid condition. In most cases those with a comorbid condition perform worse on the neuropsychological measurements.

When dividing the TS participants into TS only and TS comorbid + medication according to their Child Behaviour Checklist (CBCL) T scores, the TS comorbid + medication group was more withdrawn, more anxious and depressed, and had more self destructive identity problems
 than the TS only group (see table 3).

Note, however, that when the TS patients were divided into groups according to their CBCL score, the Bonferroni correction was not used. This is justifiable since the variables generated from the CBCL were not divided among the seven functional domains that the neuropsychological variables were meant to assess.

Table 3., Comparison on the CBCL between TS comorbid + medication and TS only


TS comorbid +medication

12


TS only

10




Mean
SD
Mean
SD
T
Sig.

CBCL 







  Withdrawn T score
56.50
7.15
51.00
2.31
2.314
*

  Somatic T score
57.10
5.67
58.10
6.38

n.s.

  Anxious Depressed T Score
59.40
9.25
52.00
2.83
2.419
*

  Social Problems T Score
59.90
11.48
53.20
5.41

n.s.

  Thought Problems T Score
55.70
5.06
54.80
4.52

n.s.

  Attentional Problems T Score
62.10
11.96
53.30
5.77

n.s.

  Delinquent Behaviour T Score
54.40
6.43
53.60
4.74

n.s.

  Aggressive Behaviour T Score
59.30
7.06
53.80
4.47

n.s.

  Self Destructive – Identity Problems T Score
62.89
6.23
53.78
5.19
3.369
**

  Social T Score
41.22
9.77
46.30
9.99

n.s.

  Activities T Score
41.90
9.24
43.11
6.88

n.s.

Notes:   Significance levels * p< .05     ** p< .01     *** p<  .001



Table 4., Comparison between TS comorbid + drugs and TS-only on neuropsychological measurements.


TS Comorbid + Drugs

N = 12
TS Only

N = 10

         






T
Sig.

Full scale IQ
106.91
10.67
113.90
6.67

n.s.

  Verbal IQ
104.91
11.42
107.60
9.24

n.s.

  Performance IQ
108.64
18.33
118.60
8.73

n.s.

Stroop Black Letters
24.92
3.63
24.40
3.69

n.s.

Stroop Coloured Letters
27.08
4.66
26.20
3.19

n.s.

Stroop Coloured Boxes
48.42
16.00
38.80
10.90

n.s.

Stroop Interference
81.08
16.25
75.33
27.49

n.s.

Five Point Test Total score 
25.50
10.93
36.00
14.86

n.s.

Emotional Hexagon total right
48.67
6.37
50.50
8.86

n.s.

Emotional Hexagon total wrong
12.50
6.45
9.81
6.45

n.s.

COWAT (FAS/LWF) Letter “D”
6.00
2.86
9.10
3.45

 n.s.

COWAT (FAS/LWF) Letter “S”
11.09
4.66
14.00
3.83

n.s.

COWAT (FAS/LWF) Category animal
16.73
3.07
19.78
5.91

n.s.

Trail Making A
39.50
16.58
26.80
10.48

n.s

Trail Making B
121.36
38.46
80.20
50.84

n.s.

Left – Right Discrimination
18.33
2.46
19.60
0.52

n.s.

Grooved Pegboard right hand
72.75
11.76
64.75
8.91

n.s.

Grooved Pegboard left hand
82.33
10.51
71.63
8.75

n.s.

15 words trial 1
6.08
0.90
5.90
1.20

n.s.

15 words trial 2
7.67
2.46
7.70
2.50

n.s.

15 words trial 3
9.92
2.35
9.50
2.22

n.s.

15 words trial 4
10.33
1.87
10.70
1.95

n.s.

15 words trial 5
11.25
2.22
11.60
1.43

n.s.

15 words interference list
5.42
1.83
5.70
2.54

n.s.

15 words delayed
8.67
2.31
10.10
2.51

n.s.

Logical memory Immediate
15.41
4.54
14.00
4.78

n.s.

Logical memory delayed
13.41
5.03
12.35
4.08

n.s.

Rey Complex Figure Copy
33.33
2.61
34.20
1.75

n.s.

Rey Complex Figure immediate (3 minutes)
18.58
8.22
18.80
6.28

n.s.

Rey Complex Figure delayed (45 minutes)
20.45
7.33
20.30
6.55

n.s.

Simple RT – dominant hand (CALCAP)
403.50
68.42
368.80
72.88

n.s.

Choice RT – digits (CALCAP)
504.92
68.48
420.10
144.93

n.s.

Sequential RT1 (CALCAP)
587.08
79.01
580.40
106.44

n.s.

Sequential RT2 (CALCAP)
737.75
83.18
653.90
102.94

n.s.

D2 Percentile ranking on Total Score
34.10
25.99
54.60
21.98

n.s.

D2 Percentile ranking of errors
69.27
21.88
73.12
26.45

n.s.

How old when tics started
5.29
2.58
6.78
2.11

n.s.

Note:   Significance levels * p< .05     (With Bonferroni Correction)



Looking at the performance of the TS-only and TS comorbid + medication groups on neuropsychological measurements, it can be seen in table 4, that they did not differ on any of the measurements when the Bonferroni correction has been applied. Furthermore, in appendix 1, the analysis of variance (ANOVA) of the TS only, TS comorbid, and TS medication can be seen. These three subgroups of TS patients did not differ on any neuropsychological measurements.
Based on these results it can be concluded that the TS comorbid + drugs and TS only groups are nearly identical. These results are similar to those of Bornstein and Yang (1991) where TS patients taking medication did not differ from those not taking medication on neuropsychological, intellectual, or educational measures. In the light of these results, further analysis will be carried out between the TS group as a whole compared to the control group.

Achenbach´s Child Behaviour CheckList (CBCL), Home Situation Questionnaire (HSQ), and ADHD checklist

The CBCL checklist was not returned from five of 48 participants in this study. Based on the responses, 11 variables were generated, and the score represented in T-scores based on an Icelandic normative sample. Note, however, that with the comparison of the TS group to the control group according to their CBCL score, the Bonferroni correction was not used.

Table 5., Comparison on the CBCL, ADHD checklist, and HSQ between the TS and Control groups

TS group

23


Control

25






Mean
SD
Mean
SD
t
Sig.

CBCL 







  Withdrawn T score
53.75
5.89
50.74
2.54
2.120
*

  Somatic T score
57.60
5.90
53.87
4.86
2.273
*

  Anxious Depressed T Score
55.70
7.66
52.43
4.63

n.s.

  Social Problems T Score
56.55
9.39
50.57
1.65
2.813
*

  Thought Problems T Score
55.25
4.69
52.39
4.09
2.137
*

  Attentional Problems T Score
57.70
10.19
52.57
4.98
2.050
*

  Delinquent Behaviour T Score
54.00
5.52
52.96
5.30

n.s.

  Aggressive Behaviour T Score
56.55
6.40
54.04
5.91

n.s.

  Self Destructive – Identity Problems T Score
58.33
7.28
53.13
6.30
2.171
*

  Activities T Score
42.47
8.01
45.87
6.06

n.s.

  Social T Score
43.89
9.95
46.48
8.06

n.s.









ADHD number of trouble settings
12.45
5.68
4.92
4.92
4.820
***

HSQ number of trouble settings
5.32
4.94
1.61
2.50
3.156
**

Notes:   Significance levels     *   p< .05     ** p< .01     *** p < .001



When the two groups were compared on the CBCL list, it is apparent that the TS group had significantly more attentional and social problems. The degree of behaviour disturbance in TS subjects appears to exceed that of children in general. When using T-scores as a reference point, the TS group had significantly more problems than the control group on six of the 11 variables generated from the list. The TS group was more withdrawn and had more somatic complaints than the Control group. They also had more social and thought problems. The TS group furthermore had more attentional and self destructive – identity problems than the control group (see table 5).

When the TS group was compared to the Control group on the Home Situation Questionnaire (HSQ), parents of TS children named more troubled settings than the parents of those in the Control group. On the ADHD checklist, parents of the TS children also named more troubled settings than parents of children in the Control group (see table 5).

Table 6., Neuropsychological comparison of the TS and Control groups


TS

23
Control 

25



Mean
SD
Mean
SD
T
Sig.








Full scale IQ
110.86
9.70
120.12
12.49
-2.808
*

  Verbal IQ
106.82
10.45
116.60
14.57

n.s.

     WISC: Information
9.91
2.56
11.96
3.25

n.s.

     WISC: Comprehension
13.41
3.53
15.88
2.33
-2.864
*

     WISC: Arithmetic
10.18
2.68
11.36
3.37

n.s.

     WISC: Similarities
11.14
1.83
12.16
2.58

n.s.

     WISC: Vocabulary
10.86
2.66
11.80
2.72

n.s.

     WISC: Digit Span forward
5.86
0.99
6.24
0.88

n.s.

     WISC: Digit Span backward
4.36
1.29
4.88
1.13

n.s.

     WISC: Digit Span total
9.86
3.24
11.40
2.43

n.s.

  Performance IQ
113.86
14.92
119.84
12.06

n.s.

     WISC: Picture Completion
9.86
4.11
10.36
3.56

n.s.

     WISC: Picture Arrangement
12.18
3.19
13.56
2.96

n.s.

     WISC: Block Design 
12.18
2.26
12.52
2.76

n.s.

     WISC: Object Assembly 
12.91
2.33
13.52
2.45

n.s.

     WISC: Digit Symbol 
12.73
4.07
14.60
3.08

n.s.

Stroop Black Letters
24.74
3.51
21.96
4.05

n.s.

Stroop Coloured Letters
26.74
3.91
25.36
6.12

n.s.

Stroop Coloured Boxes
43.57
14.31
34.88
7.06

n.s.

Stroop Interference
78.09
20.99
64.76
14.82

n.s.

Five Point Test Total score 
31.48
14.52
32.96
12.72

n.s.

Emotional Hexagon total right
49.61
7.32
49.76
5.68

n.s.

Emotional Hexagon total wrong
11.39
7.30
11.56
5.53

n.s.

COWAT (FAS/LWF) Letter “D”
7.59
3.42
7.80
3.01

n.s.

COWAT (FAS/LWF) Letter “S”
12.50
4.33
12.52
4.60

n.s.

COWAT (FAS/LWF) Category animal
18.14
4.59
18.52
4.12

n.s.

Trail Making A
33.26
15.08
30.08
11.74

n.s.

Trail Making B
99.82
48.14
78.52
22.36

n.s.

Left – Right Discrimination
18.96
1.89
19.40
1.50

n.s.

Grooved Pegboard right hand
69.57
10.92
67.04
9.46

n.s.

Grooved Pegboard left hand
77.90
10.75
72.24
13.88

n.s.

15 words trial 1
6.04
1.02
6.20
1.44

n.s.

15 words trial 2
7.87
2.53
9.44
1.56

n.s.

15 words trial 3
9.87
2.30
11.08
1.22

n.s

15 words trial 4
10.52
1.83
12.40
1.32
-4.098
*

15 words trial 5
11.52
1.90
13.16
1.34
-3.466
*

15 words interference list
5.70
2.20
5.88
1.68

n.s.

15 words delayed
9.48
2.52
12.04
1.88
-3.967
*

Logical memory Immediate
14.86
4.53
15.88
3.98

n.s.

Logical memory delayed
12.96
4.42
15.46
3.99

n.s.

Rey Complex Figure copy
33.78
2.21
34.20
1.85

n.s.

Rey Complex Figure immediate ( 3 minutes)
18.74
7.07
22.98
4.18

n.s.

Rey Complex Figure delayed (45 minutes)
20.43
6.64
23.96
4.01

n.s.

Simple RT – dominant hand
382.00
74.61
362.32
74.29

n.s.

Choice RT – digits
465.04
112.25
464.04
47.16

n.s.

Sequential RT1
584.04
88.13
569.40
86.51

n.s.

Sequential RT2
696.65
99.98
657.56
95.37

n.s.

D2 raw score of TS
320.45
64.78
354.76
71.62

n.s.

D2 raw score of errors
10.55
8.78
13.04
10.69

n.s.

D2 raw score minus F
309.91
62.96
341.72
65.18

n.s.

Note:   Significance levels     *   p< .05     (With Bonferroni correction)



General intelligence/ability
The Control group performed significantly better than the TS group on the WISC Full Scale IQ (t= -2.808, p< .05). By dividing the WISC Full Scale into its two components, the difference between the groups was no longer significant. Looking further at the subtests of the WISC, the controls only outperformed the TS group on the Comprehension (t= -2.864 p< .05) subtest.

Memory

There was no difference between the groups on the immediate and delayed parts of the Rey Complex Figure. On the immediate and delayed recall of logical memory (story), the difference between the groups was non-significant.

The two groups performed in a similar way on the first three trials and interference trial on the 15-word memory list (AVLT). They did, however, differ on the, fourth, fifth, and delayed trial (t= -4.098, p<. 05; t= -3.466, p< .05; and t= -3.967, p< .05).

Picture 1. Performance on the AVLT
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Executive functions and attention

Executive functions

There were no significant differences between the groups on tests of executive function. Although in all instances the control group obtained a higher mean score, differences were quite small.

Picture 2. Performance on the Stroop test
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Attentional functions

In tasks measuring attentional and concentration abilities, the differences between the two groups were non-significant. On the California Computerised Assessment Package (CALCAP) the control group had a shorter response time than the TS group (362 vs. 382 milliseconds).

The Controls had higher scores on the Digit Span (11.40 vs. 9.86), Arithmetic (11.36 vs. 10.18), and Digit Symbol of the WISC (14.60 vs. 12.73). They also outperformed the TS group on Trails A (30.08 vs. 33.26 sec) and Trails B (78.52 vs. 99.82 sec). On the D2- Test the Controls got a higher score (354 vs. 320) than the TS group. They on the other hand, had more errors (13.04 compared to 10.55).

Emotional Hexagon

Picture 3. Mean right answers on all three trials of the Emotional Hexagon
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In this study the Emotional Hexagon consisted of three trials, with the highest score obtainable being three and the lowest zero. The stimuli on the Emotional Hexagon are 30 interpolated images created for six continua around the perimeter of an emotion hexagon: happiness-surprise, surprise-fear, fear-sadness, sadness-disgust, disgust-anger, and anger-happiness. If subjects did not identify correctly either of the two emotions making up the stimuli they would get a wrong category answer. When reporting the results on the Emotional Hexagon only 24 of the 30 images are used and pictures 3, 8, 13, 18, 23, and 28 are left out of the analysis. The reason for leaving these pictures out of the analysis is that the two emotions they represent are interpolated in a 50 - 50 way, and cannot be assigned to any one emotion.

On trials 28 to 3, subjects were to identify happiness from the expression on the picture. On trials 3 to 8, subjects were to identify surprise. On trials 8 to 13, subjects were to identify fear. On trials 13 to 18, subjects were to identify sadness. On trials 18 to 23, people were to identify disgust. On trials 23 to 28, people were to identify anger.

The values in picture 3 represent the mean scores for the TS and Control group on 24 of 30 pictures of the Emotional Hexagon.

The groups performed in a nearly identical way, with the mean for right answers on 72 pictures being 49.61 for the TS and 49.76 for the Controls. The mean for wrong category answers for the TS and Controls was 11.39 and 11.56, respectively. Among the TS patients, the number of right answers ranged from 39 to 61. The wrong category answers in the TS group ranged from 0 to 25. In the Control group, the right answers ranged from 37 to 60 and the wrong category answers from 3 to 25.

From the scores on the CBCL only one individual was classified as having a comorbid OCD. The TS + OCD individual had 46 of 72 responses right and 17 wrong category responses on the Emotional Hexagon.

Picture 4., Comparison of TS + OCD individual and the Control group
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As can be seen from picture 4, the TS + OCD individual performed in a similar way as the Control group. On pictures 19 to 22 exhibiting disgust, the TS + OCD individual performed somewhat better than the Control group, excluding picture 19. On pictures 24 to 27 exhibiting anger the TS + OCD individual performed worse. Despite the fact that the TS + OCD individual never got a right answer on picture 10, 11, and 19 on the Emotional Hexagon, his score was within the normal range when compared to the control group.

Language

There was no difference between the two groups on variables measuring language ability.
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Picture 5., Performance on the FAS Fluency Tests.

As can be seen on picture 5 the groups performed in a nearly identical way on the FAS/LWF Fluency Tests. On the Vocabulary subtest on the WISC the groups also performed in a similar way, the TS group scored 10.86 and the control group 11.80. The groups furthermore performed in a similar way on the Similarities on the WISC, where the TS group had a score of 11.14 and the control group 12.16.

Motor skills and visuomotor speed

The difference between the groups on all variables measuring motor skills was non-significant. The TS group, nevertheless, performed worse on all the measurements. On the motor skill tasks the TS group displayed the poorest performance on the Trails B and Digit Symbol. The TS group accomplished the Trails B on 99.82 seconds but the Controls on 78.52, this difference approached the significance level (p=0.067). On the Digit Symbol the TS group got a score of 12.73 but the control group got a score of 14.60 (p= .080).
The greatest part of the tests assessing the visuomotor abilities came from the WISC battery. The difference between the groups was non-significant on all of the tests measuring visuomotor abilities. Excluding the Digit Symbol task the groups performed in a nearly identical way on the visuomotor tasks (see picture 6).

Picture 6., WISC Tests Used in the Visuomotor Assessment
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Discussion
The aim of this study was to compare TS patients and a control group on neuropsychological measurements and to see if any specific impairment characterises the TS patients. Some previous researchers reported that TS patients with a comorbid condition fare worse on neuropsychological tests than those with TS only (Randolp et al., 1993). The TS patients in this study were therefore divided into two groups, TS only and TS medication + comorbid, according to health information and Child Behaviour Checklist (CBCL). In the TS medication + comorbid group there were only four individuals that had a comorbid condition. This division of the TS patients showed that there was no difference between the groups on neuropsychological measurements. These results are similar to those of Bornstein and Yang (1991) where they found no difference between the performance of those TS patients taking medication and those not.

When looking at the performance of the TS groups on the CBCL, the TS medication + comorbid, on the other hand, showed more psychological problems. They were more withdrawn, anxious, and had more self destructive – identity problems than the TS only group.

When the TS group as a whole was compared to the control group, the TS group had more somatic complaints, more self destructive - identity problems, and was more withdrawn compared to the control group. The TS group furthermore had more social, thought, and attentional problems than the control group. These results from the CBCL are in concordance with results from other studies indicating that children with TS experience more behavioural and psychological difficulties than children without TS.

Walkup et al. (1992) found that two-thirds of their TS sample had behaviour problems as classified by the CBCL: 39% showed pathological scores on the aggressive scale, 31% on the delinquency scale, 78% on the hyperactivity scale, 61% had obsessive compulsive problems, and 50% had somatic complaints. Bornstein and Yang (1991) found no differences on any of the CBCL subscales among boys 12 years old or older. However, in the younger subgroup medicated TS patients were rated as being more anxious, depressed, and aggressive. Carter, O'Donnell, Schultz, Scahill, Leckman, and Pauls (2000) reported that patients with TS+ADHD had more behaviour problems and poorer social adaptation than patients with TS only or controls.

The question remains, however, whether the increased occurrences of these social and attentional problems are due to TS per se, its comorbidity, or whether it is the suffering and stigmatisation of having TS that triggers them.

General intelligence

The Icelandic version of the WISC used in this study is an old one and was standardised in the years 1965 – 1969 and published in 1971. This old version of the WISC was used because there are no other forms of the WISC available in Iceland
.
According to John Flynn´s research people in technologically advanced countries do better on intelligence tests as time goes by; when compared to people of the same age tested five, 10, 20, or 30 years earlier. The trend is that children today answer more verbal questions right and solve more nonverbal problems correctly, than children did 10 or 15 years ago. The results of Flynn´s studies indicate an increase of three to 10 IQ points per decade (see in Kaufman, 1994).

With the Flynn effect in mind the mean IQ of 100 points may have risen considerably during these three decades that the Icelandic version of the WISC has been used, making the high IQ seen in this study more understandable.

On the WISC, the full scale IQ (FIQ) ranged from 85 to 126 in the TS group, and 95 to 146 in the Control group. This normal performance of the TS subjects on the WISC in this study is in accordance with most other studies focusing on TS (Bornstein et al., 1983; 1991; Bornstein & Yang, 1991; Brookshire et al., 1994; Incagnoli & Kane, 1982; Joschko & Rourke, 1982; Ozonoff et al., 1994; Randolph et al., 1998; Schuerholz et al., 1996; 1998; Sherman et al., 1998; Sutherland et al., 1982). However, within the normal range, the Full IQ score of the TS group (110.86) was significantly lower than the score of the control group (120.12). The TS group had a comparable verbal IQ (VIQ; 106.82) and performance IQ (PIQ; 113.86). These results are consistent with other studies (Golden, 1984; Incagnoli & Kane, 1981; Joschko & Rourke, 1982). The VIQ ranged from 91 to 124 in the TS group and 91 to 143 in the control group. The PIQ ranged from 70 to 129 in the TS group and 92 to 139 in the control group. Among the TS subjects there were 39%, nine of 23, that had a difference of more than 15 points between the verbal and performance scale. Of those nine TS subjects, one had VIQ >PIQ and eight had a PIQ > VIQ discrepancy. In the control group 28%, seven of 25, showed a VIQ and PIQ difference, two had a VIQ >PIQ and five had a PIQ > VIQ discrepancy.

The difference between those nine in the TS group and seven in the control group showing a VIQ and PIQ discrepancy was not significant ((2 = 2,446, p> .05). These results are similar to previous reports on this discrepancy between the verbal (Incagnoli & Kane, 1982; Ozonoff, et al., 1994; Sutherland et al., 1982) and performance (Bornstein et al., 1991; Brookshire et al., 1994; Joschko & Kane, 1982) scales of the WISC.

Memory

On memory tests, the groups performed in similar way on most measures. There was no difference between the groups on the immediate or delayed parts of the Rey Complex Figure.

On the Logical Memory, there was no difference between the groups on the immediate or delayed parts. Similar results have been reported in previous studies (Bornstein & Yang, 1991; Golden, 1984). Sutherland et al. (1982) reported that TS individuals performed within the normal range on the delayed part of the Logical Memory and immediate and delayed part of the Paired Associate Learning. On the other hand, they performed in the impaired range on the immediate recall of the Logical Memory and delayed part of the Rey Complex Figure.

On the Auditory Verbal Learning Test (AVLT), the groups differed on three of seven trials of the test. There was no difference between the groups on the first three trials and the interference trial. The groups differed on the fourth, fifth, and the delayed trial of the AVLT. 

The AVLT and Digit Span of the WISC can give an indication of immediate memory span and susceptibility to interference (Mayes & Warburg, 1992). The TS group in this study seems to have an intact immediate memory span, scoring 5.86 on Digit Span Forward and 6.04 on Trial one of the AVLT. The controls had a score of 6.24 on Digit span forward, and 6.20 on Trial one of the AVLT. This indicates that the TS group’s capacity for immediate recall is unaffected and in fact similar to that of the control group.

These findings are in accordance with Ludlow’s et al. findings from 1982 (see in Robertson & Baron-Cohen, 1996), that TS patients score in the normal range on tests of auditory memory such as Sentence Repetition, Digit Repetition Forward, and Backward. Furthermore Brookshire et al. (1994) reported that TS subjects performed in the normal range on the AVLT and Randolph et al. (1993) reported similar findings on the Californian Verbal Learning Test.
Since the TS group had similar immediate memory span as the Control group on the AVLT, this performance cannot be explained by a defective immediate memory span. Lapses of attention were not to blame for the performance on the AVLT since the groups performed in a similar way on attention tests. Looking at the learning curve in the AVLT, it can be seen that both groups improved their performance between trials. The TS group went from 6.04 words in trial one to 11.52 in trial five. The control group on the other hand had a steeper learning curve and went from 6.20 words in trial one to 13.16 in trial five (see picture 1, page 62).

Based on these results the question arises if the performance of the TS group is indeed indicative of memory impairments. A plausible explanation for the performance of the TS group on the AVLT could be that impairments in the frontal-striatal loops result in a less effective recall strategies than shown by the control group. The performance of the TS group on the AVLT could also be indicative of a slower than normal learning rate rather than memory impairment. Schuerholz et al. (1996) even mentioned the possibility of subtle “bradyphrenia” in TS patients.

It would have been interesting to use some kind of recognition measures to try to clarify if the performance of the TS group on the AVLT was due to retrieval difficulties or memory/learning difficulties.

Judging from the above-mentioned studies and the results from this study it appears that memory impairments are not prominent among TS patients.

Attention and executive tests
According to the attention checklists filled out by the parents of the participants in this study and the CBCL filled out by the participants themselves, TS patients have marked attention deficits when compared to the control group. On this background, the performance on attention and executive tests is surprising, with no difference between the groups on tests assessing these domains. These results are not in accordance with a number of other studies on frontal/executive function in TS patients, where impaired performance on many executive measures is reported.

Results from Georgiou et al. (1995) indicate that TS patients perform worse when responding to conflicting stimulus response configurations. They seem to be sensitive to irrelevant stimulus information and have difficulty in inhibiting an inappropriate response. Robertson and Baron-Cohen  (1996) indicate that TS patients have difficulties in inhibiting a particular response when it coincides with another. Their explanation for this impaired performance by the TS group is that they have an impaired “Intention Editor”. The Intention Editor is essential when two or more intentions are activated at the same time, but only one of these can be put into action.

There was no difference in the performance of the TS and control group on any condition of the Stroop in this study. According to Shum et al. 1990 (see in Spreen & Strauss, 1998) the Stroop interference score reflects the ability to sustain mental processes and select appropriate features. Corresponding to the results on the interference condition of the Stroop test, the TS patients in this study were able to focus their attention and select the appropriate feature from conflicting stimuli. The results from this study did not support the findings in Georgiou et al. and Robertson and Baron-Cohen studies that TS patients have difficulties in inhibiting inappropriate responses.

Ozonoff et al. (1994) excluded individuals with accompanying ADHD or OCD symptoms from their study. According to their results the TS group performed in a similar way as the control group on a continuous performance test. Mahone, Koth, Cutting, Singer, and Denckla (2001) compared TS patients without comorbid condition, ADHD patients, and a control group on tests such as the Letter Word Fluency, Semantic Word Fluency, California Verbal Learning Test (CVLT) and Figural Fluency. Their results showed that all groups performed within the average range. The TS and ADHD group, on the other hand, had more intrusion errors than the control group on the CVLT. According to Mahone et al. (2001) number of intrusion errors on the CVLT appears to be a strong and robust measure of executive functions disturbances among children with TS or ADHD. Mahone et al. (2001) furthermore, speculated that even the presence of intrusion errors at all on the initial five trials of the CVLT may be a marker for executive function disturbances. In this study 13 of 23 TS subjects had intrusion errors on the first five trials on the AVLT, with the number of errors ranging from one to seven. In the control group, seven of 25 subjects had one intrusion error on the first five trials on the AVLT. The difference between the groups on intrusion errors was significant ((2=4.063, p< .05). If Mahone et al´s. (2001) speculations have some foundations it could be said that the TS group in this study exhibits executive function disturbances. However, further research is needed before Mahone et al´s. speculation can gain credence.

Randolph et al. (1993) compared less severe TS patients to more severe TS patients on a continuous performance test. Their results indicate that the more severe TS patients performed significantly worse on the continuous performance test. Schuerholz et al. (1998) found that TS + ADHD individuals performed worse on a continuous performance test compared to TS only and control groups. Schuerholz et al. (1996) divided TS individuals into TS only, TS ADHD, and TS +/- ADHD. When compared to the control group the TS groups performed poorly. The TS only group, on the other hand, performed significantly better than the TS + ADHD and TS +/-ADHD. Sherman et al. (1998) divided the TS individuals into TS only and TS ADHD. Their results indicate that impairments in sustained attention and impulsivity as measured by continuous performance tests are marked in TS + ADHD patients.

According to Van Zomeren and Brouwer (1992) lapses of attention on continuous performance tests are defined as reaction time that exceeds the individual mean reaction time with at least two standard deviations (SD). In this study, on the other hand, the mean reaction time of all participants was used as a reference point on the California Computerised Assessment Package (CALCAP), the continuous performance test used in this study. This was done because the performance of the groups was similar on this measure. Two individuals, one TS and one control, in this study had a reaction time exceeding the group mean by two SD, and were classified as having a slow reaction time or poor attention. Judging from these results, slowness in responding or poor attention does not appear to be very common in this TS sample and their ability to sustain their attention appears to normal.

Furthermore, the results from the Five Point Test and Letter Word Fluency Test (FAS/LWF) Test indicate that the TS group in this study did not show signs of frontal dysfunctions. At least when one uses perseverative responses and reduced output as a marker of frontal dysfunctions, the TS group did not appear to have marked frontal dysfunctions. On both of these tests, the TS group showed similar productivity and did not have more perseverative responses than the control group. These results on FAS/LWF are not in accordance with those seen in studies from Brookshire et al. 1994 and Schuerholz et al. 1996. These results are, however, in accordance with Ozonoff´s et al. (1994) and Mahone et al. (2001) results, where the TS-only patients did not differ on executive tasks such as the FAS/LWF or continuous performance tests when compared to a control group. Schuerholz et al. (1996), furthermore, found that the TS only group had a significantly higher organisation score on the copy of the Rey Complex Figure than the control, TS + ADHD, and TS +/- ADHD groups.

Most of the executive/attentional impairments reported in these aforementioned studies are tied to TS individuals with a comorbid status. The results from the present study and older studies seem to indicate that executive deficits are not as central a part of the cognitive phenotype of TS. It seems that the presence of a comorbid condition in TS is associated with a greater likelihood of executive deficits such as impaired attention and impulsivity.

Another possible explanation according to Mahone et al. (2001) could be that executive functions deficits as measured by neuropsychological tests may not be detected in children with high average or above average IQ. Having in mind that the mean IQ of the TS group was relatively high or 110, even if the Flynn effect would be taken into account, the mean IQ would be around average.

In this study, there were only four individuals with a comorbid condition and when they were compared to the control group they did not differ on the executive/attention tests. When looking further at the performance of the TS individuals on the executive tests, the TS+comorbid+medication group did not have impairments on executive tests as compared to the TS only group. It thus appears that the TS group as a whole is composed of relatively “mild” TS patients. This assumption can, however, only be speculative since there are no Icelandic tic severity scales to assess the individuals on in order to rank them into mild or severe TS.

Emotional Hexagon

The rationale for using the Emotional Hexagon in this study was the relationship between TS and OCD. People with OCD that have been tested with the Emotional Hexagon have shown deficits in the recognition of anger and fear, and an especially severe problem with disgust, which was recognised at chance level (Sprengelmayer, Young, Calder, Karnat et al., 1996). Because of the occurrence of OCD in TS, it was interesting to see if TS patients experience the same difficulties as OCD patients on the Emotional Hexagon.

There was only one individual that could be classified as having a TS + OCD, judging from the responses on the CBCL. His performance was not indicative of marked impairments in the recognition of emotional facial expression. On the average the TS + OCD individual performed in the normal range, but he had difficulties recognising both Anger and Fear. When it came to recognising Disgust, the TS +OCD individual on the other hand performed better than the control group.

As a whole, the TS group did not have the same trouble recognising the expression of Disgust, Fear, or Anger as reported in studies on Huntington´s Disease and OCD using the Emotional Hexagon (Sprengelmayer et al., 1996). The performance of the control group was somewhat surprising, with the mean score being high on Anger, Joy, Sorrow, and Surprise. However, on Fear and Disgust the control group performed worse than the TS group. Bearing in mind the occurrence of OCD in TS one would expect the TS group to perform worse than the control group when recognising Disgust and Fear. One possible explanation for this performance of the TS group is that there is only one individual with OCD in the TS group. The TS group should, therefore, not necessarily experience any more difficulties recognising these emotions than the control group. Another explanation is that the Emotional Hexagon as a test is not homogeneous across the trials assessing these six emotions. That is Fear and Disgust may simply, or at least with these stimuli, be more difficult to recognise than the other emotions. As can be seen on picture 3 (page 64), the mean score for Fear and Disgust was much lower than the mean score for the other emotions. Note, however, that the groups did not differ significantly in their performance on the Emotional Hexagon.

Language

When TS patients in this study were compared to the control group on measures of language abilities they performed in a similar way. These results are similar to what is seen in many other studies where the performance of TS patients is generally in the normal range verbal tests compared to controls. There have, however, been reports of specific impairments on verbal tests.

Sutherland et al. (1982) reported that TS patients performed worse on the Token test and Newcombe Word Fluency Test compared to a control group. Brookshire et al. (1994) found that TS individuals showed relative difficulties on language measures, performing significantly worse on the Vocabulary subtest of the WISC and Letter Word Fluency Tests (FAS/LWF). These researchers did, however, not divide their TS group according to comorbid condition.

Schuerholz et al. (1996) divided the TS patients into groups according to the comorbid condition and compared their performance on the FAS/LWF. The TS only and TS +/- ADHD performed worse than the control group. There was, however, no difference in the performance of the TS + ADHD compared to the control group on the FAS/LWF. On the Boston Naming Test, the TS only performed better than both the TS ADHD groups.

In another study from 1998, Schuerholz et al. divided TS patients into groups according to comorbid condition. The results from that study are on the other hand surprising since the TS only group performed significantly worse than the TS + ADHD, TS +/- ADHD, and control groups. What makes these results even more interesting and harder to interpret is that when the TS groups were divided according gender, girls with TS only performed worse than the other TS subgroups. This is surprising since girls, in general, are thought to have better linguistic abilities than boys do.

The performance of the TS group on the FAS/LWF, Similarities, and Vocabulary of the WISC in this study was very similar to that of the control group. The TS individuals in this study did not appear to experience the language difficulties reported in previous studies.

Motor skills and visuomotor speed 

Contrary to what might be expected from the nature of the disease and some older studies the TS group in this study did not have significant motor impairments. It should, however, be noted that the only “pure” motor assessment used in this study was the Purdue Pegboard Test. The TS group in this study, however, used more time when solving the tasks, but the difference was not significant.

Schultz et al. (1998) reported that TS patients performed significantly worse than the control group on Block Design of the WISC, copy of the Rey Complex Figure and the Purdue Pegboard Test.

Bornstein et al. (1983) similarly reported that four of seven TS patients performed more than one standard deviation below the mean of published age norms on the Grooved Pegboard Test. The performance on other tests with a large motor component were furthermore in the impaired range such as the Trail Making B (four of seven impaired) and Tactual Performance Test (five of seven impaired).
Incagnoli and Kane (1982) reported that TS patients performed in the impaired range on the Bender-Gestalt test. Bornstein et al. (1991; 1983) reported that TS patients had mild abnormalities in motor and visuographic tasks, such as the Knox Cube Test, Trail Making, Tactual Performance Test, and the Grooved Pegboard Test.

Randolp et al. (1993) found that TS patients with more severe TS performed worse than less severe TS patients on the Purdue Pegboard test and the Benton Facial Recognition Test.

The results in this study are in accordance with those of Brookshire´s et al. (1994) with no significant difference between the TS group and controls on tests such as the Block Design, Picture Arrangement, Object Assembly of the WISC, or the Purdue Pegboard Test.

It thus appears that the TS group in this study does not exhibit the motor or visuomotor impairments reported in some previous studies.

Summary and conclusions

Several studies have reported neuropsychological and psychological abnormalities in TS patients; these abnormalities have, however, not been consistent in the literature. In the present study, 23 TS patients were compared to 25 controls on several neuropsychological measurements. The results from this study are similar to those seen in other studies on TS, with the overall performance of TS subjects not indicative of grossly impaired neuropsychological function. The distribution of scores of the TS group appears to be shifted slightly downward, but the shift is so small that the majority of children with TS functioned within normal limits.

On 50 measurements used in this study, the TS group only performed significantly worse on five when compared to the control group. Even when the TS group was divided into groups according to comorbid condition and/or medication, those subgroups did not perform significantly worse than the control group on many measures. When the TS subgroups were compared to the control group on Student’s t-test and the results corrected for by using the Bonferroni correction the results were as follows. The TS comorbid (three ADHD and one OCD) individuals performed significantly worse on the Information of the WISC, Stroop Black Letters, and Delayed part of the AVLT when compared to the Control group. The 12 individuals in the TS comorbid + medication group performed significantly worse on the Full Scale IQ of the WISC, Stroop Coloured Interference, Trails B, AVLT Trial four, AVLT, Trial five, and AVLT Delayed when compared to Controls. The 10 individuals in the TS only performed significantly worse on the WISC Comprehension and AVLT Trial five when compared to the Controls.

As can be seen the TS individuals did not perform significantly worse than the control group on many measures. It is, nevertheless, apparent that those TS with a comorbid condition perform worse on more measures than those with TS only. However, when the TS subgroups, TS comorbid, TS medication, and TS only, were compared to each other by using an analysis of variance, there was no difference found between the groups (see Appendix 1: ANOVA).

Bornstein et al. (1983) and Schuerholz et al. (1996) reported that neuropsychological impairments in TS are more pronounced in older than younger TS patients. In this study, the mean age of tic onset is 5.93 years. When comparing younger (mean age 12.07) and older (mean age 14.50) TS patients in this study there was no difference in their performance on any neuropsychological variable. It is, however, questionable that the age difference between these two groups is large enough to detect this difference (if present in general) between young and old TS patients.

The performance of the TS medication group on the neuropsychological measures seems to suggest that the neuroleptic medication has no substantial adverse effect on the patients´ neuropsychological performance. These results are in accordance with Bornstein´s and Yang results (1991) that medication does not appear to influence the performance of medicated TS patients when compared to nonmedicated TS patients.

When the siblings of TS patients were compared to the rest of the control group there was no difference in the performance on the neuropsychological variables between the groups. Furthermore, when the control group without the siblings of TS patients was compared to the TS group the results were the same as when the siblings of TS patients were included in the control group. The inclusion of the siblings of the TS patients in the control group did therefore not lower the mean of the control group and thus obscure any possible difference between the control and TS group.

Some limitations of this study deserve comment. First, the sample size was small, only 23 TS patients, and with such a small group it is hard to conduct any studies of group contrasts, particularly where there were only three in the TS + ADHD group and one in TS + OCD.

Second, all the subjects in this study were recruited through the TS Association of Iceland, and it could be argued that TS individuals (or their parents) who volunteer for such a study may not be representative of the patient population as a whole. Whereas those that declined participation, possibly did so because of severe impairments. Third, with no Icelandic tic severity scales available there is no information obtainable regarding the difference between those with severe tics and those with mild tics. It would have been interesting to see the difference in performance on neuropsychological tests between those with severe tics and mild tics, or even those with predominantly vocal tics versus those with motor tics.

The results of this study appear to support the notion that TS patients without a comorbid condition may be the least likely of TS patients to demonstrate neuropsychological impairments. Furthermore there appears to be no evidence of a singular pattern of deficits exhibited by the TS patients in this study. The only suggestion of a common problem was their poor performance on the fourth, fifth, and interference trials on the AVLT.

The performance of the TS group in this study and the fact that so few TS patients had a comorbid condition indicates that the TS group consisted of a homogeneous sample of mild TS patients.

The evidence accumulated to date seems to indicate a need to conduct longitudinal studies of TS patients to examine the neuropsychological, neurological, and psychological effects of the disease. Further knowledge about neuropsychological functioning will be of great significance in planning remedial educational approaches for children with TS.

Future studies using more refined dimensional instruments for measuring OCD and ADHD behaviours will be valuable in determining the association of other factors than TS with neuropsychological functioning. These types of studies combined with increasingly sophisticated neuroimaging techniques will likely be necessary to delineate the specific etiology of this disease.

Reference list

Aabech, H.S. (1996) Tic Tilstander og Tourette Syndrome. Medicinsk Aarbog. Munkgsgaard: Kobenhavn.

Achenbach, T. (1991). Child Behaviour Checklist. Burlington, VT: University Associates on Psychiatry

Alexander G.E., DeLong M.R., and Strick, P.L. (1986). Parallel Organization of Functionally Segregated Circuits Linking Basal Ganglia and Cortex. Annual Review of Neuroscience, 9, 357-381.

Allen, A.J., Leonard, H.L., and Swedo, S.E. (1995). Case Study: A New Infection-Triggered, Autoimmune Subtype of Pediatric OCD and TS. J. Am Acad. Child Adolesc. Psychiatry, 34(3), 307-311.

Alsbrook, J.P.  and Pauls, D.L. (1997). The Genetics of Tourette Syndrome.  Neurologic Clinics, 15, 381-393.

American Journal of Psychiatry, 149:9, 1244-1251.

American Psychiatric Association. (1987). Diagnostic and Statistical Manual of Mental Disorders (3rd ed.). Washington, DC: Author

Barkley, R.A. (1998). Attention Deficit Hyperactivity Disorder. A Handbook for Diagnosis and Treatment 2nd ed. New York: The Guilford Press.

Bonnet, K.A. (1982). Neurobiological Dissection of TS: A Neurochemical Focus on a Human Neuroanatomical Model. Advances in Neurology, 35, 77-82.

Bornstein, R.A. (1991a). Neuropsychological Performance in Adults with Tourette Syndrome. Psychiatry Research, 37, 229-236.

Bornstein, R.A. (1986). Normative Data on Intermanual Differences on three tests of Motor Performance. Journal of Clinical and Experimental Neuropsychology, 8, 12-20.

Bornstein, R.A., and Yang, V. (1991). Neuropsychological Performance in Medicated and Unmedicated Patients with TS. Am J Psychiatry, 148(4), 468-471.

Bornstein, R.A., King, G., and Carroll, A. (1983). Neuropsychological Abnormalities in Gilles de la Tourette´s Syndrome. Journal of Nervous and Mental Disease, 171, 497-502.

Brookshire, B.L., Butler, I.J., Ewing-Cobbs, L., and Fletcher J.M. (1994). Neuropsychological Characteristics of Children with TS: Evidence for a Nonverbal Learning Disability. Journal of Clinical and Experimental Neuropsychology, 16, 289-302.

Bruun, R.D., Cohen, D.J., and Leckman J.F. (1997). Tourette´s Disorder. Guide to the Diagnosis and Treatment of Tourette Syndrome. [On-line]. Available: www.mentalhealth.com
Burden, G. (1996). The Imperial Gene. [On-line]. Available: www.mentalhealth.com/mag1/p5m-tor1.html

Carter, Alice S; O'Donnell, Deborah A;  Schultz, Robert T; Scahill, Lawrence; Leckman,  James F; Pauls, David L. (2000). Social and emotional adjustment in children affected with Gilles de la Tourette's Syndrome: Associations with ADHD and family functioning. Journal of Child Psychology & Psychiatry & Allied Disciplines. Vol. 41(2), Feb 2000, 215-223.

Cath, D.C., Van De Wetering, B.J.M., Van Woerkom, T.CAM., Hoogduin C.A.L., Roos, RAC., and Rooijmans, HGM. (1992). British Journal of Psychiatry, 161, 542-545.

Cath, D.C., Hoogduin C.A.L., Van De Wetering, B.J.M., Van Woerkom, T.C.A.M., Roos, R.A.C., and Rooijmans, HGM. (1992). Tourette Syndrome and Obsessive-Compulsive Disorder. An Analysis of Associated Phenomena. Advances in Neurology, 58, (pp. 33-41).

Channon, S., Flynn, D. and Robertson, M.M. (1992). Attentional Deficits in Gilles de la Tourette Syndrome. Neuropsychiatry, Neuropsychology and Behavioural Neurology, 5, 170-177.

Chase, T.N., Foster, N.L., Fedio. P., Brooks, R., Mansi, L., Kessler, R., and Di Chiro, G. (1984). Gilles de la Tourette Syndrome: Studies with the Fluorine-18-labeled Fluordeoxyglucose Positron Emission Tomographic Method. Annals of Neurology, 15, Suppl. 175.

Chee, K.Y., and Sacdev, P. (1997). A controlled Study of Sensory Tics in Gilles de la Tourette Syndrome and Obsessive-Compulsive Disorder Using a Structured Interview. Journal of Neurology, Neurosurgery, and Psychiatry, 62, 188-192.

Chelune, G.J., Ferguson,W., Koon, R., and Dickey, T.O. (1986). Frontal Lobe Disinhibition in Attention Deficit Disorder. Child Psychiatry and Human Development vol. 16, no. 4, 221-234.

Christensen, K.J., Kim, S.W., Dysken M.W., and Hoover K.M. (1992). Neuropsychological Performance in OCD. Biological Psychiatry, 31, 4-18.

Comings, D.E., and Comings, B.G. (1993). Comorbid Behavioural Disorders. In R. Kurlan (ed.). Handbook of TS and Related Tic and Behavioural Disorders, (pp. 111-150).

Como, P.G. (1993). Neuropsychological Testing.  In R. Kurlan (ed.). Handbook of TS and Related Tic and Behavioural Disorders (pp. 221-239).

Copper, J.R., Bloom, F.E., and Roth, R.H. (1996). The Biochemical Basis of Neuropharmacology, seventh edition. Oxford: Oxford University Press

Coté, L. and Crutcher, MD (1991). The Basal Ganglia. In E.R., Kandel, J.H., Schwartz, and T.M., Jessel (Eds.). Principles of Neural Science (pp. 647-659). New York: Elsevier.

Coté, L., and Crutcher, M.D. (1991). The Basal Ganglia. In E.R. Kandel; J.H. Schwartz, and T.M. Jessell (Eds.). Principles of Neural Science 3rd ed.( pp. 647 –659). New York:  Elsevier

Crossman, A.R. and Neary D. (1995). Neuroanatomy. An illustrated colour text. Edinburgh: Churchill Livingstone.

Cummings, J.L., and Cunningham, K. (1992). OCD in HD. Biological Psychiatry, 31, 263-270.

Cummings, J.L., and Frankel, M. (1985). Gilles de la Tourette Syndrome and the Neurological Basis of Obsessions and Compulsions. Biological Psychiatry, 20, 1117-1126.

Demeter, S. (1992). Structural Imaging in Tourette Syndrome. In T.N. Chase, A.J. Friedhoff, and D.J. Cohen  (Eds.) Advances in Neurology, 58, (pp. 201-206).

Denckla, M.B., and Reader, M.J. (1993). Education and Psychosocial Interventions: Executive Dysfunctions and its Consequences. In R. Kurlan (ed.). Handbook of TS and Related Tic and Behavioural Disorders (pp. 431-451).

Devinsky, O. (1983). Neuroanatomy of Gilles de la Tourette´s Syndrome: Possible Midbrain Involvement. Arch Neurol., 40, 508-514.

Eysenck, M.W., and Keane, M.T. (1990). Cognitive Psychology: A Students Handbook. Hove: Lawrence Erlbaum Associates, Publishers.

DuPaul, G.J., Power, T.J., Anastopolous, A.D., and Reid, R. (1998). ADHD Rating Scale–IV: Checklists, Norms and Clinical Interpretations. New York: Guilford Press.

Fleishcer, A. V. (1996). Udviklingsforstyrrelser - Neuropsykologisk Set. Ballerups Kommune.

Frankel M., Cummings, J.L., Robertson, M.M., Trimble, M.R., Hill, M.A., and Benson D.F. (1986). Obsessions and Compulsions in Gilles de la Tourette´s Syndrome. Neurology, 36, 378-382.

Friedman, S. (1980). Self-Control in the Treatment of Gilles de la Tourette´s Syndrome: Case Study with 18-Month Follow-Up. Journal of Consulting and Clinical Psychology, vol., 48, No. 3, 400-402.

Gedye, A. (1991). TS Attributed to Frontal Lobe Dysfunction: Numerous Etiologies Involved. Journal of Clinical Psychology, 47(2), 233-252.

George, M.S., Trimble, M.R., Ring, H.A., Sallee, F.R., and Robertson, M.M. (1993). Obsessions in Obsessive-Compulsive Disorder With and Without Gilles de la Tourette´s Syndrome. American Journal of Psychiatry,150:1, 93-97.

Georgiou, N., Bradshaw, J.L., Phillips, J.G., Bradshaw, J.A., and Chiu, E. (1995). The Simon Effect and Attention Deficits in Gilles de la Tourette Syndrome and Huntington´s Disease. Brain, 118, 1305-1318.

Goetz C.G. and Klawans, H.L. (1982). Gilles de la Tourette on Tourette Syndrome. In A.J. Friedhoff and T.N. Chase (Eds.). Gilles de la Tourette Syndrome (pp. 1-16). Raven Press: New York.

Golden, GS (1984). Psychological and neuropsychological aspects of Tourette´s Syndrome.  Neurologic Clinics, 21, 91-102.

Green, R.C., and Pitman, R.K. (1990). TS and OCD: Clinical Relationship. In M.A., Jenike, L., Baer, and W.E., Minichiello (Eds.). Obsessive-Compulsive Disorders: Theory and Management 2nd ed. (pp. 61-75). St. Louis: Mosby-Yearbook.

Hollander, E., Liebowitz, M.R., and DeCaria, C.M. (1989). Conceptual and Methodological Issues in Studies of Obsessive-Compulsive and TS. Psychiatric Developments, 4, 267-296.

Holzer, J.C., Goodman, W.K., McDougle, C.J., Baer, L., Boyarsky, B.K., Leckman J.F., and Price, L.H. (1994). OCD with and without a Chronic Tic Disorder. British Journal of Psychiatry, 164, 469-473.

Howell, D.C. (1997). Statistical Method for Psychology 4th ed. USA: Duxbury Press.

Hyde, T.M., and Weinberger, D.R. TS: A Model Neuropsychiatric Disorder [On-line]. Available: Http://neuro-www2.mgh.harvard.edu/TSA/medsci/model.html

Hyde, T.M., Stacey, M.S., Handel, S.F., Coppola, R.C., and Weinberger, D.R. (1994). Structural abnormalities in Tourette´s Syndrome: A Quantitative MRI Study in Monozygotic Twins. Neurology, 44, (suppl. 2), A333.

Hyde, T.M., Aaronson, B.A., Randolph, C., Rickler, K.C., and Weinbergar, D.R. (1992).  Relationship of Birth Weight to the Phenotypic Expression of Gilles de la Tourette´s Syndrome in Monozygotic Twins. Neurology, 42, 652-658.

Incagnoli, T., and Kane, R. (1982). Neuropsychological Findings in TS. Advances in Neurology, 35, 305-310.

Insel, TR. (1992). Toward a Neuroanatomy of OCD. Arch Gen Psychiatry, 49, 739-744.

Kaufman, A.S. (1994). Intelligent Testing with the WISC-III. New York: John Wiley & Sons, INC.

Kløve, H., and Hole, K. (1979).  The Hyperkinetic Syndrome. In R.L. Trites (Ed.), Hyperactivity in Children. Etiology, Measurement and Treatment Implications (pp. 121-140). Baltimore: University Park Press.

Knott, P.J., and Hutson, P.H. (1982). Stress-induced Stereotypy in the Rat: Neuropharmacological Similarities to TS. Advances in Neurology, 35, 233-238.

Kolb, B. and Whishaw, I.Q. (1996). Fundamentals of Human Neuropsychology, 4th ed. New York: W.H. Freeman and Company.

Kompoliti, K., and Goetz, C.G. (1997). Clinical Rating and Quantitative Assessment of Tics. Neurologic Clinics, 15 (2), 239-253.

Korczyn, A.D. (1993). Future Therapies. In R. Kurlan (ed.). Handbook of TS and Related Tic and Behavioural Disorders, (pp. 481-490).

Kurlan, R. (1992). The Pathogenesis of Tourette´s Syndrome. A Possible Role for Hormonal and Excitatory Neurotransmitter Influences in Brain Development. Arch Neurol, 49, 874-876.

Kurlan, R. (1994). Hypothesis II: Tourette´s Syndrome Is Part of a Clinical Spectrum that Includes Normal Brain Development. Arch Neurol, 51, 1145-1150.

Kurlan, R. (1997). Future Direction of Research in Tourette Syndrome. Neurologic Clinics, 15 (2), 451-456.

Kurlan, R. (1997). Treatment of Tics. Neurologic Clinics, 15(2), 403-409.

Kushner, H.I. (1999). A Cursing Brain? The Histories of Tourette Syndrome.  Cambridge: Harvard University Press.
Lajonchere, C., Nortz, M. and Finger, S. (1996). Gilles de la Tourette and the Discovery of Tourette Syndrome. Archives of Neurology, Vol. 53, June 1996, 567-574.

Leckman, J.F., and Peterson, B.S. (1993). The pathogenesis of Tourette´s Syndrome: Epigenetic Factors Active in Early CNS Development. Biol. Psychiatry, 34, 425-427.

Leckman, J.F., Price, R.A., Walkup, J.T., Ort. S., Pauls, D.L., and Cohen, D.J. (1987). Nongenetic factors in Gilles de la Tourette´s syndrome. Arch Gen Psychiatry, 44, 100.

Leckman, J.F., Walker, D.E., Goodman, W.K., Pauls, D.L., and Cohen, D.J. (1994). “Just Right” Perceptions Associated with Compulsive Behaviour in TS. American Journal of Psychiatry, 151, 675-680.

Leonard, H.L., Swedo, S.E., Rapoport, J.L., Rickler, K.C., Topol, D., Lee, S., and Rettew, D. (1992). Tourette Syndrome and Obsessive-Compulsive Disorder. Advances in Neurology, 58, 83-93.

Leonard, H.L., Lenane, M.C., Swedo, S.E., Rettew, D.C., Gershon, S.E., and Rapoport, J.L. (1992). Tics and Tourette´s Disorder: A 2 to 7-Year Follow-Up of 54 Obessive-Compulsive Children. American Journal of Psychiatry; 149, 1244-1251.

Lezak, M.D. (1995). Neuropsychological Assessment, 3rd ed.  New York: Oxford University Press.

Lishman, W.A. (1998). Organic Psychiatry. The Psychological Consequences of Cerebral Disorder, 3rd ed. Oxford: Blackwell Science Ltd.

Ludlow, C., Polinsky, R., Caine, E., Bassich, C., and Ebert, M. (1982). Language and Speech abnormalities in Tourette´s Syndrome. In A. Friedhoff and T. Chase eds., Gilles de la Tourette´s Syndrome, Advances in Neurology, vol. 35, New York: Raven Press (pp. 351-362).

Mahone, E.M., Koth, C.W., Cutting, L., Singer, H.S., and Denckla, M.B. (2001). Executive function in fluency and recall measures among children with Tourette Syndrome or ADHD. Journal of the International Neuropsychological Society, 7, 102-111.

Mayes, A. Warburg, R. (1992). Memory Assessment in Clinical Practice and Research. In JR, Crawford, DM, Parker, and WW, McKinlay (Eds.) A Handbook of Neuropsychological Assessment (pp. 73-101). Lawrence Erlbaum Associates: UK.

McGuire, P.K., Bench, C.J., Frith, C.D., Marks, I.M., Frackowiak, R.S.J., and Dolan, RJ. (1994). Functional Anatomy of OCD. British Journal of Psychiatry, 164 , 459-468.

Mega, M.S., and Cummings, J.L. (1994). Frontal-Subcortical Circuits and Neuropsychiatric Disorders. The Journal of Neuropsychiatry and Clinical Neurosciences, 6, 358-370.

Miller, E. (1992). Some Basic Principles of Neuropsychological Assessment. In J.R., Crawford, D.M., Parker, and W.W., McKinlay (Eds.) A Handbook of Neuropsychological Assessment (pp. 7-21). Lawrence Erlbaum Associates: UK.

Miller, E.N. (1994). Californian Computerized Assessment Package (CalCAP).  Norland Software. emiller@ucla.edu.

Moriarty, J., Varma, A.R., Stevens, J., Fisch, M., Trimble, M.R., and Robertson, M.M. (1997). A Volumetric MRI Study of Gilles de la Tourette´s Syndrome. Neurology, 49, 410-415.

Murphy, T.K., Goodman, W.K., Fudge, M.W., Williams, R.C. Ayoub, E.M., Dalal, M., Lewis, M.H., and Zabriskie, J.B. (1997). B Lymphocyt Antigen D8/17: A Peripheral Marker for Childhood-Onset Obsessive-Compulsive Disorder and Tourette Syndrome? Am J Psychiatry, 154 (3), 402-407.

Nolte, J. (1993) The Human Brain. An Introduction to its Functional Anatomy. 3rd ed. St. Louis: Mosby Year Book.

Packer, L.E. (1997). Social and Educational Resources for Patients with Tourette Syndrome. Neurologic Clinics, 15 (2), 457-471.

Parent, A., and Hazrati, L-N. (1995). Functional Anatomy of the Basal Ganglia. I. The Cortico-Basal Ganglia-Thalamo-Cortical Loop. Brain Research Reviews 20, 91-127.

Parker D.M., and Crawford, J.R .(1992). Assessment of Frontal Lobe Dysfunction. In J.R., Crawford, D.M., Parker, and W.W., McKinlay (Eds.) A Handbook of Neuropsychological Assessment (pp. 267-291). Lawrence Erlbaum Associates: UK.

Pauls, D.L., and Leckman, J.F. (1986). The Inheritance of Gilles De La Tourette´s Syndrome and Associated Behaviours. Evidence for Autosomal Dominant Transmission. The New England Journal of Medicine, 315, 993-997.

Pauls, D.L., Towbin, K.E., Leckman, J.F., Zahner, G.E.P., and Cohen, D.J. (1986). Gilles de la Tourette´s Syndrome and OCD. Arch Gen Psychiatry, 43, 1180-1182.

Pennington, B.F. and Ozonoff, S. (1996). Executive Functions and Developmental Psychopathology. Journal of Child Psychological Psychiatry, 37, 55-81.

Peterson, B., Riddle, M.A., Cohen, D.J., Katz, L.D., Smith, J.C., Hardin, M.T., and Leckman J.F. (1993). Reduced Basal Ganglia Volumes in Tourette´s Syndrome using Three-dimensional Reconstruction Techniques from Magnetic Resonance Images. Neurology, 43, 941-949.

Pitman, R.K., Green, R.C., Jenike, M.A., and Mesulam, M.M. (1987). Clinical Comparison of TS and OCD. American Journal of Psychiatry, 144, 1166-1171.

Price, R.A., Kidd, K.K., Cohen, D.J., Pauls, D.L., and Leckman, J.F. (1985). A Twin Study of Tourette Syndrome. Arch Gen Psychiatry, 42, 815-820.

Randolph, C., Hyde, T.M., Gold, J.M., Goldberg, T.E., and Weinberger, D.R. (1993). TS in Monozygotic Twins. Relationship of Tic Severity to Neurospychological Functions, Archives of Neurology, 50, 725-728.

Rao, S.M. (1996). Neuropsychological Assessment. In B.S., Fogel, R.B., Schiffer, and S.M., Rao (Eds.). Neuropsychiatry (pp. 29-45). Williams &Wilkins : Baltimore.

Rapoport, J.L., Nee, L., Mitchell, S., Plinsky, R., and Ebert, M. (1982). Hyperkinetic Syndrome and TS. Advances in Neurology, 35, 423-426.

Rauch, S.L. (1996) Neuroimaging in obsessive-compulsive disorder and related disorders, pp. 492-495. In Jenike MA, chairperson. Recent developments in neurobiology of Obsessive-Compulsive Disorder. Journal of Clinical Psychiatry 1996; 57: 492-503.

Response from Young, Sprengelmeyer, Phillips, and Calder (1997). Trends in Cognitive Science, 1, 322-325.

Riddle, M.A., Rassmuson, A.M., Woods, S.W., and Hoffer, P.B. (1992). SPECT Imaging of Cerebral Blood Flow in Tourette Syndrome. Adv. Neurology. 58: 207-211.

Robertson, MM. (1989). The Gilles De La Tourette Syndrome: The Current Status. British Journal of Psychiatry, 154 147-169.

Robertson, M.M., and Baron-Cohen, S (1996). The Neuropsychiatry and Neuropsychology of Gilles de la Tourette Syndrome. In I. Grant and K.M. Adams (Eds.) Neuropsychological Assessment of Neuropsychiatric Disorders 2nd ed. (pp. 218-231).

Robertson, M.M., and Baron-Cohen, S (1999). Tourette Syndrome the facts. 2nd edition. Oxford: Oxford University Press.

Robertson, M.M. and Yakeley, J. (1996). Gilles De La Tourette Syndrome and Obsessive-Compulsive Disorder. In Fogel, B.S., Randolph, B.S., and Stephen M.R. (Eds.). Neuropsychiatry (pp. 827-870). Baltimore: Williams & Wilkins.

Rooymans, H.G.M. (1992). Tourette Syndrome and Obsessive-Compulsive Disorder. An Analysis of Associated Phenomena. Advances in Neurology, 58, 33-41.

Sagar, H.J., Cohen, N.J., Sullivan, E.V., Corkin, S., and Growdon, J.H. (1988). Remote Memory Function in Alzheimer’s Disease and Parkinson’s Disease. Brain, 111, 185-206.

Sagar, H.J., Sullivan, E.V., Gabrieli, J.D.E., Corkin, S., and Growdon, J.H. (1988). Temporal Ordering and Short-Term Deficits in Parkinson’s Disease. Brain, 111, 525-539.

Schachar, R. (1991). Childhood Hyperactivity. The Journal of Child Psychology and Psychiatry vol. 32, no 1, January, 155-191.

Schuerholz, L.J., Baumgardner T.L., Singer, S.S., Reiss, A.L., and Denckla, M.B.(1996). Neuropsychological Status of Children with TS with and without ADHD. Neurology, 46, April.

Shallice, T. (1988). From Neuropsychology to Mental Structures. New York: Cambridge University Press.

Shapiro, A.K., Shapiro, E.S., Bruun, R.D., and Sweet, R.D. (1978). Gilles de la Tourette Syndrome. Raven Press: New York.

Shapiro, A.K., Shapiro, E.S., Young, J.G., and Feinberg, T.E. (1988). Gilles de la Tourette Syndrome 2nd ed.

Shultz, R.T., Carter, A.S., Gladstone, M., Scahill, L., Leckman, J.F., Peterson, B.S., Zhang, H., Cohen, D.J., and Pauls, D. (1998).  Visual-Motor Functioning in Children with Tourette Syndrome. Neuropsychology, vol. 12, no. 1, 134-145.

Simkin, B. (1992). Mozart’s Scatological Disorder. British Medical Journal, Vol. 305; 1563-1567.

Singer, H.S .(1997). Neurobiology of Tourette Syndrome. Neurologic Clinics, 15, 357-379.

Singer, HS. (1994). Neurobiological Issues in Tourette Syndrome. Brain and Development, 16, 353-364.

Singer, H.S., and Walkup, J.T. (1991). Tourette Syndrome and Other Tic Disorders:  Diagnosis, Pathophysiology, and Treatment. Medicine, 70, 15-32.

Singer, H.S., Butler, I.J., Tune, L.E., Seifert, W.E., and Coyle, J.T. (1982). Dopamine Dysfunction in Tourette Syndrome. Ann Neurol, 12, 361-366.

Singer, H.S., Hahn, In-Hei, and Moran, T.H. (1991). Abnormal Dopamine Uptake Sites in Postmortem Striatum from Patients with Tourette´s Syndrome. Ann Neurol; 30, 558-562.

Singer, H.S., Reiss, A.L., Brown, J.E., Aylward, E.H., Shih, B., Chee, E., Harris E.L., Reader, M.J., Chase, G.A., Bryan R.N., and Denckla, M.B. (1993). Neurology, 43, 950-956.

Sprengelmeyer, R., Young, A.W., Calder, A.J., Karnat, A., Lange, H., Hömberg, V., Perrett, D.I., and Rowland, D. (1996). Loss of Disgust. Perception of Faces and Emotions in Huntington´s Disease. Brain, 119, 1647- 1665.

Snyder, SH. (1996). Drugs and the Brain. New York: Scientific American Library

Spreen, O. and Strauss, E. (1998). A Compendium of Neuropsychological Tests 2nd ed.  Oxford: Oxford University Press.

Stahl, S.M., and Berger P.A. (1982). Cholinergic and Dopaminergic Mechanisms in TS. Advances in Neurology, 35 141-150.

Stoetter, B., Braun A.R., Randolph, C., et al. (1992). Functional Neuroanatomy of Tourette Syndrome: Limbic-Motor Interactions Studied with FDG PET. In T.N. Chase, A.J. Friedhoff, D.J. Cohen (Eds.) Advances in Neurology, 58, (pp. 213-226).

Stoetter, Braun, Randolph, et al. (1992). SPECT Imaging of Cerebral Blood Flow in Tourette Syndrome. In T.N. Chase, A.J. Friedhoff, D.J. Cohen (Eds.) Advances in Neurology, 58, (pp. 207-211).

Strick, P.L. and Middleton F.A. (1999). Basal Ganglia. [Online] Available: http://cognet.mit.edu/MITECS/Abstracts/strick_r.html

Stuss, D.T. and Benson, D.F. (1986). The Frontal Lobes. New York: Raven Press.

Sutherland, R.J., Kolb, B., Schoel, W.M., Whishaw, I.Q., and Davies, D. (1982).  Neuropsychological Assessment of Children and Adults with TS: A Comparison with LD and Schizophrenia. Advances in Neurology, 35, 311-322.

Tallis, F. (1997). The neuropsychology of OCD: A review and consideration of clinical implications. British Journal of Clinical Psychology, 36, 3-20.

The Tourette Syndrome Classification Study Group (1993). Definitions and Classification of Tic Disorders. Arch. Neurol. 50; 1013-1016.

Towbin, K.E., and Riddle, M.A. (1993). Attention Deficit Hyperactivity Disorder. In R. Kurlan (ed.). Handbook of TS and Related Tic and Behavioural Disorders, (pp. 89-110).

Walkup, J.T., Rosenberg, LA., Brown, J, and Singer, H.S. (1992). The Validity of Instruments Measuring Tic Severity in TS. J. Am Acad. Child Adolesc. Psychiatry, 31(3), 472-477.

Wand R.R., Matazow, G.S., Shady, G.A., Furer, P., and Staley, D. (1993). Tourette Syndrome: Associated Symptoms and Most Disabling Features. Neuroscience and Behavioural Reviews, vol. 17, pp. 217-275.

Whitman B.Y. (1991). The Roots of Organicity: Genetics and Genograms. In P.J. Accardo, T.A. Blondis, and B.Y. Whitman (Eds.), Attention Deficit Disorders and Hyperactivity in Children, .Pediatric Habilitation vol.7, (pp. 37-56). New York: Marcel Dekker, Inc.

Wilson, R.S., Garron, D.D., Tanner, C.M., and Klawans, H.L. (1982). Behaviour Disturbance in Children with TS. Advances in Neurology, 35, 329-334.

Zald, D.H., and Kim, S.W. (1996). Anatomy and Function of the Orbital Frontal Cortex, I: Anatomy, Neurocircuitry, and Obsessive-Compulsive Disorder. Journal of Neuropsychiatry, 8: 125-138.
Appendix 1. Analysis of variance (ANOVA): Individuals with Tourette Syndrome only, Individuals with Tourette Syndrome and a comorbid condition, individuals with Tourette Syndrome and using medication
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APPENDIX 2

Tests used in the study

General intelligence tests

Wechsler Intelligence Scale for Children

Verbal subtests

Information

· Is comprised of 30 questions concerning general knowledge. The first being: How many ears do you have? The last one being: What is a lien? Each item is scored 1 or 0 and testing is discontinued after five consecutive failures.

Vocabulary

· The examinee must orally define as many words as he can from a 40 word list with increasing difficulty, the first being Bicycle and the last being Traduce.  Each item is scored 2,1, or 0, and testing is discontinued after five consecutive failures. Directions:  I want to see how many words you know. Listen carefully and tell me what these words mean.  Bicycle . . .  what does a bicycle mean?

Digit Span

· The examiner reads out a series of numbers and the examinee is asked to repeat the series right after the examiner. Each series contains two trials. In the forward condition the series range from three to nine numbers. In the backward condition the series range from two to eight. Testing is discontinued if the examinee fails both trials of a given series. Directions: I am going to say some numbers. Listen carefully, and when I am through say them right after me.

Arithmetic

· Here the examinee is asked to solve 16 mental arithmetic problems. In the first problem nine blocks are placed in front of the examinee and he is asked to count them. In the last question the examinee is asked to solve the following problem. “Smith and Brown start a card game with $27 each. They agree that at the end of each deal the loser shall pay the winner one-third of what he (the loser) has in his possession. Smith wins the first three deals. How much does Brown have at the beginning of the fourth deal?” Each problem is scored 1 or 0 and testing is discontinued after three consecutive failures.

Comprehension

· Here the examinee is asked 14 questions regarding everyday problem solving, social judgement, and interpretation of proverbs. The first question being: What is the thing to do when you cut your finger? The last question is: Why should a promise be kept? Each item is scored 2,1, or 0 and testing is discontinued after three consecutive failures. 
Similarities

· Here the examinee is asked what two words have in common or in what way they are alike. The first three questions are analogies. In the first question the examinee is asked to complete the following question: Lemons are sour but sugar is -----. The remaining questions are similarities. In the last question the examinee is asked what the numbers 49 and 121 have in common or how they are alike. Each problem is scored 1 or 0 and testing is discontinued after three consecutive failures.
Performance subtests
Picture Completion

· The examinee tries to identify what is missing from a picture that he is shown on a card. The pictures are 20, the first one is a comb where the teeth are missing, and the last one is a house where the shadow is missing. For each correct response the examinee gets one point. Testing is discontinued after four consecutive failures.

Picture Arrangement

· The examinee is to arrange pictures that have been lined up in front of him so they make a story. When the examinee arranges the picture in the right way he gets four points, he can furthermore get three more bonus points depending on the time spent on making the picture. Testing is discontinued after two consecutive failures.

Block Design

· The examinee must arrange blocks so that they make a certain design.  In design one to four the examinee uses four blocks. In design five to seven the examinee uses nine blocks. When the examinee makes a design in the right way he gets four points, he can furthermore get three more bonus points depending on the time spent on making the design. Testing is discontinued after two consecutive failures.

Object Assembly

· The examinee must assemble four objects: a manikin, a car, a horse, and a face.  If the examinee gets the manikin right he can obtain a minimum of four points, he can furthermore get three more bonus points depending on the time spent on making the design. When assembling the car, horse, and face the examinee can obtain a minimum of six points, he can furthermore get three more bonus points depending on the time spent on making the design. The examinee must try to assemble all four objects. 
Digit Symbol

· In this tasks the each number from one to nine has been given a special mark.  The examinee is given a paper with squares and on top of each square there is a number. The examinee is to fill out as many empty squares as he can with the special mark designated to each number, i.e. the number 1 has the mark (, then the examinee is to put the mark ( whenever he sees the number 1.  For each square correctly filled the examinee gains one point.  The examinee has 120 seconds to fill out as many squares as he can.

MEMORY

Logical Memory

The examiner read a story that contains 25 memory units or “ideas”. Immediately after reading the story, the subject is asked to recall as many “ideas” as possible. In the delayed recall, the subject is asked to recall as many “ideas” as possible, after 20 minutes. The subject gains one point of credit for each “idea” or memory unit recalled
15 Word Memory Test

The purpose of this test is to assess immediate memory span, new learning, susceptibility to interference, and recognition memory. The test consists of 15 nouns (list A) read aloud (with a 1-second interval between each word) for five consecutive trials, each trial followed by free-recall test. The order of presentation of words remains fixed across trials.  Instructions are repeated before each trial to minimise forgetting. Upon completion of Trial 5, an interference list of 15 words (List B) is presented, followed by a free-recall test of that list. Immediately following this, delayed recall of the first list is tested without further presentation of those words. 

Rey- Complex Figure Test (CFT)

The CFT permits assessment of a variety of cognitive processes, including planning, organisational skills, and problem-solving strategies, as well as perceptual, motor, and memory functions. The subject is copies the figure and then, without warning, is asked to reproduce it from memory. First, three minutes after the completion of copying the figure (3-minute recall) and then 30 minutes later (delayed recall).

EXECUTIVE FUNCTIONS
Five-Point Test 

This test measures the production of novel designs under time constraints. This task consists of a sheet of paper with 40 dot matrices arranged in eight rows and five columns. The matrices are identical to the five-dot arrangement on a dice. Patients are asked to produce as many different figures as possible by connecting the dots within each rectangle. The subjects have three minutes to complete as many figures as they can
Stroop Test

This test measure the ease with which a person can shift his or her perceptual set to conform to changing demands and suppress a habitual response in favour of an unusual one. There are four parts to the test. In Part 1, the subject reads randomised colour names (blue, green, red, brown, purple) printed in black type. In part two, the subject reads the colour names (blue, green, red, brown purple) printed in coloured in (blue, green, red, yellow), ignoring the colour of the print (the print colour never corresponds to the colour name). In part 3, the subject has to name the colour of squares (blue, green, red, yellow) In part 4, the subject is given the card used in Part 2. This time, however, he or she must name the colour in which the colour names are printed and disregard their verbal content.

LANGUAGE TESTS

Controlled Oral Word Association Test (FAS/LWF)

The purpose of the test is to evaluate the spontaneous production of words beginning with a given letter or of a given class within a limited amount of time (verbal association fluency). For letter fluency, he subject is asked to produce orally as many words as possible beginning with D and S. For category (semantic association) fluency, the subject is asked to produce as many animal names as possible within a limited period. The subject has one minute to name as many words as he/she can in the letter and animal category.

MOTOR SKILLS AND VISUOMOTOR SPEED

Trail Making
The purpose of this test is to measure speed for attention, sequencing, mental flexibility, and of visual search and motor function.  It requires the connection, by making pencil lines, between 25 encircled numbers randomly arranged on a page, in proper order (Part A) and of 25 encircled numbers and letters in alternating order (Part B).

Grooved Pegboard Test

The Grooved Pegboard Test is a manipulative dexterity test. The unit consists of 25 holes with randomly positioned slots. Pegs, who have a key along one side, must be rotated to match the hole before they can be inserted. This test requires more complex visual-motor co-ordination than most pegboards.

The pegboard is placed in mid-line with the subject so that the board is at the edge of the table and peg tray immediately above the board. The examiner explains the test:

This is a pegboard and these are the pegs. All the pegs are the same. They have a groove, that is, a round side and a square side and so do the holes in the board. What you must do is match the holes like this. (The examiner demonstrates by filling the top row. Then he removes the pegs, putting them back into the tray).

When I say go, begin here and put the pegs into the boards as fast as you can, using only your (dominant) hand. Fill the top row completely from this side to this side (for the right hand trial, the pegs are placed from the subject’s left to right, and from the right to left for the left hand trial). Do not skip any; fill each row the same way you filled the top row. Any questions? Ready, as fast as you can, go.

Left-Right Orientation

The purpose of this test is to assess the discrimination of left from right

ATTENTION

California Computerised Assessment Package (CALCAP)

The standard CALCAP task consists of a series of ten fully normed Simple and Choice reaction time measures administered by computer. The CALCAP is modelled after the Continuous Performance Task, a measure of sustained attention and reaction time. Subjects are asked to focus on a display field and respond only to specific visual stimuli. The CALCAP program presents a broad range of stimulus materials on a computer display, with exposure times precisely controlled by the computer program. Responses to the stimulus also are precisely measured and recorded and include:

- Mean and median reaction time

- Total numbers of true and false positive responses

- Estimates of the signal detection parameters d´ and beta.

These measures can be used to assess slowed cognition, focused and divided attention, sustained attention, and rapid visual scanning.

The 25-minute version of the CALCAP program is configured to execute the following reaction time measures:


1)
Simple Reaction Time (Dominant Hand) - Iteration # 1


2)
Simple Reaction Time (Non-dominant Hand)


3)
Choice Reaction Time for Single Digits


4)
Serial Pattern Matching/Sequential Reaction Time


5)
Lexical Discrimination


6)
Simple Reaction Time (Dominant Hand) - Iteration # 2


7)
Visual Selective Attention


8)
Response Reversal and Rapid Visual Scanning


9)
Form Discrimination


10)
Simple Reaction Time (Dominant Hand) - Iteration # 3

The 10-minute abbreviated version administers 1,3, and 4 above, plus one additional measure of Sequential Reaction Time.

The tasks are designed to be self-explanatory and need only minimal supervision by the examiner. The complete procedure takes approximately 20-25 minutes for administration and scoring. The abbreviated version lasts 8-10 minute. The individual reaction time measures are designed to assess a number of cognitive domains, including speed of processing (reaction time), language skills, rapid visual scanning, form discrimination, recognition memory, and divided attention.
The abbreviated version is used in this study.
D2- test

The purpose of this test is to assess sustained attention and visual scanning ability. The test is composed of 14 lines with 47 letters each. The target is the letter “d” with two quotation marks (“) either above, below, or separate, one mark (,) below and one mark above.  Distracters are the letter “p” with on to four marks and the letter “d” with one, three, or four marks. The subject’s task is to mark as many targets per line as possible. The time limit is 20 seconds per line. 

Emotional Hexagon

Test of recognition of facial expressions of basic emotions from the Ekman and Freiesen from 1976 series, interpolated images were created for six continua that lay around the perimeter of an emotion hexagon: happiness-surprise; surprise-fear; fear-sadness; sadness-disgust; disgust-anger; anger-happiness. In deciding which emotion these morphed images were most like, people with Huntington´s disease showed deficits in the recognition of anger and fear, and an especially severe problem with disgust, which was recognised at chance level. Patients with obsessive-compulsive disorder (OCD) also show this defect. Whereas many have observed a relationship between OCD and Tourette syndrome, it would be interesting to see if TS patients show the same deficit on the Emotional Hexagon as patients with Huntington´s disease and OCD.

RATING SCALES
Child Behaviour Checklist - Youth Self Report (CBCL; Achenbach, 1991)

[filled out by the participants].

Home Situations Questionnaire (Barkley, 1987) [Filled out by parents].

ADHD - Rating Scale (DuPaul et al., 1998) [Filled out by parents].

Health questionnaire [Filled out by parents].
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� Echolalia = repeating a last heard sound.


� Coprolalia = obscene language.


� Bruxism = grinding of the teeth


� Penetrance = The probability that an individual with a genotype will express the disease phenotype


� The definition of BG varies, but most people refer to the combination of the caudate nucleus, putamen, globus pallidus, subthalamic nucleus, and substantia nigra.  Some include the amygdala and claustrum in their definition of the basal ganglia (Nolte, 1993).


� The striatum has three major anatomical divisions, the caudate nucleus, putamen, and ventral limbic striatum (nucleus accumbens, portions of the olfactory tubercle, and the ventromedial aspects of the caudate and putamen. (Leckman, et al., 1994).


� Lenticular nucleus = putamen + globus pallidus.


� Executive functions = We need executive functions to choose, execute, and maintain optimal strategies for performing a task, as well to inhibit strategies that become inappropriate when goals or task demands change or errors occur (Schachar, 1991).


� An ADHD diagnosis was not established by the Hyperactivity Index of the Conner´s Abbreviated Parent Symptom Questionnaire and CBCL, but these individuals had clear ADHD characteristics by at least one criterion to be considered highly suspect of ADHD.





� The Simon effect = “The effect upon response speed of the otherwise irrelevant spatial relationship between stimulus and response location” (Georgiou et al., 1995).


� The self-destructive-identity problem scale is only calculated for boys, containing questions like “I behave in a similar way as children of the opposite sex” and “I hurt myself deliberately or try to kill myself”.


� The Icelandic standardisation of the WISC-III is well on its way.
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