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Tourette Syndrome: Update
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Abstract

Tourette Syndrome is a disorder characterized by tics. It typically begins in childhood and often
improves in adult life. Tics are best described as voluntary movements made automatically so that
volition is not ordinarily appreciated. There is frequently an urge, sometimes in the form of a
specific sensory feeling (sensory tic), that precedes the tic. Patients say that they make the tic in
order to reduce the urge, although shortly after the tic, the urge recurs. The sensory feeling may
arise due to defective sensory habituation. Since tics relieve the urge, this can be considered
rewarding, and repetition of this behavior may perpetuate the tic as a habit. Tourette Syndrome
affects boys more than girls and is associated with attention deficit hyperactivity disorder and
obsessive compulsive disorder. Although Tourette Syndrome often appears to be autosomal
recessive in inheritance, it has been difficult to find any abnormal genes. There is a loss of
inhibition in these patients and recent studies show abnormalities in brain GABA. Certainly there
is also an abnormality in dopamine function and dopamine blocking agents are effective therapy.
In severe drug-refractory patients, deep brain stimulation can be effective.
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Tourette Syndrome (TS) is a disorder, mainly of childhood, with a prominent manifestation
of tics. In DSM-5, an alternate term for TS is Tourette’s Disorder. Tics, as formally defined
in DSM-5, are “sudden, rapid, recurrent, nonrhythmic motor movements or vocalizations,
generally preceded by urge”. It should be noted that young children, less than ten years of
age, most often do not report urge, and that could be either because there is no urge or it is
difficult to describe. There are a number of tic syndromes, and perhaps the most common is
provisional tic disorder (previously called transient tic of childhood) where the tics last
about one year. In order to qualify for TS, again by DSM-5, there must be multiple motor
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and vocal tics present at some time with the disorder beginning before age 18 and lasting
more than one year, and where the tics are not secondary to a physiological substance or
other neurological disorder. There are a number of patients who do not have vocal tics, but
are in other ways similar, and, while that disorder would be called persistent tic disorder
(previously, chronic motor tic), the disorder is likely the same.

The Tourette International Consortium reported on the characteristics of 6805 patients with
TS. [1] The male to female ratio is 4.4 to 1; the mean age of onset is 6.4 years. A family
history is present in 51.7% of patients. Attention deficit/Hyperactivity Disorder (ADHD) is
seen in 55.6%, and obsessive compulsive disorder (OCD) is seen in 54.9%. In terms of
clinical course, tics disappear in adult life in approximately half of patients, are improved in
40 to 45% of cases, and remain in only 5 to 10% of patients. [2, 3]

Tics can affect any part of the body, but seem particularly prominent in the face, such as eye
blinking. Tics can be either simple or complex movements, but there is no evidence that they
are different in type. VVocalizations can be a variety of sounds and words, including
coprolalia. The urge, or premonitory phenomenon, can be just an inner tension of wanting to
move or can be a specific feeling in a specific part of the body. If in a specific body part, it
can be called a sensory tic, and many patients will say that the sensory tic is the main aspect
of the disorder, since the movement is made voluntarily to make the sensation go away.
Unfortunately, the benefit is only short lasting and the urge or sensory tic builds up shortly
again. In a series of 50 patients, sensory tics were localized in face and head in 73%, neck in
66%, shoulders 56%, arms 39%, hands 34%, throat 34%, and other sites less than 30% each.
[4] In the same series, character of the urge most frequently, between 80 and 90%, was

“urge to move” or “had to do it”, whereas more sensory feeling such as “ache”, “itching”
and “tingling/numbness” were only a little more than 20% each.

While the family history is often positive and a genetic etiology is assumed, finding relevant
mutations has been very difficult. It appears that the disorder is complex and multifactorial
with some rare Mendelian genes and many risk genes. In the risk gene category, many seem
to involve the dopaminergic and serotonergic systems. A recent large genome-wide
association study identified the largest signal from rs7868992 on chromosome 9932 within
the gene COL27A1, but the meaning of this is unclear. [5] There is evidence for a mutation
in the gene leading to histidine decarboxylase deficiency as a rare stronger influence in
causing TS. [6]

Pathophysiology

In order to determine where the abnormalities are in the brain in patients with TS, there have
been many neuroimaging studies. Studies examining brain structure have used a variety of
methods, and while they seem reasonable many studies are not compatible with each other.
This might be due to small numbers of subjects, difficulties with the methods, or other
factors not determined. As examples, a few of these studies will be noted here. In a study of
caudate volume in 43 patients studied once before age 14 and again about 7.5 years later,
showed that caudate volume correlates significantly and inversely with severity of tics (and
OCD) in early adulthood. [7] Using voxel based morphometry (VBM), one study showed
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increased gray matter in the midbrain, [8] while another showed increased gray matter in the
ventral putamen and left hippocampus. [9] The white matter tracts have also been examined
using diffusion tensor imaging (DTI). [10] Analyzing the data with probabilistic fiber
tractography, there were reductions in connectivity between supplementary motor area
(SMA) and basal ganglia, as well as in frontal cortico-cortical circuits. [11]

Physiological studies have revealed some valuable details about the nature of the disorder.
Starting on the sensory side, not only are there frequency sensory tics in the patients, but
often they report that sensory stimuli seem particularly bothersome. In a questionnaire study,
patients reported that there were very sensitive to stimuli in every modality, sound, light,
smell and taste as well as touch. [12] Moreover, the patients noted that faint stimuli might
well be more troublesome than more intense stimuli. Following the questionnaire, the
investigators did some quantitative sensory testing. They found that sensory thresholds were
the same as normal for tactile stimuli on the leg or site of sensory trick and the same for
olfactory stimuli. Moreover, the subjective intensity near threshold was similar to normal,
despite noting that faint stimuli were generally more bothersome. The interpretation of these
data suggests that the problem is not that of simple sensory perception, but might be a
deficiency of habituation.

Evaluating the brain activity associated with tic has been done with EEG and neuroimaging
techniques. Starting with the EEG, a number of groups have looked specifically for the EEG
activity preceding the tic. EEG activity preceding voluntary movement is characterized by a
slowly rising negativity for about 1 second, called the Bereitschaftspotential (BP). [13] The
BP has two components, called early and late. The early component arises from both medial
and lateral area 6, the SMA and premotor cortex, respectively. The later component, which
is more lateralized over the motor cortex contralateral to the moving limb, includes activity
of the primary motor cortex. Since many of the patients say the tic is actually voluntary, one
might expect a BP preceding the tic. However, the BP may well be fully absent [14] or just
consisting of the late component. [15] In a study of 14 patients, 6 had a BP and only 4 of
these included the early component. [16] This finding suggests diminished involvement of
area 6. Certainly some patients will say that the movement is involuntary, and some will be
unsure of whether the tics are voluntary or involuntary. This confusion might arise if the tics
are highly automatic and the sense of volition might well be weak.

Functional neuroimaging studies have been particularly revealing. Since tics are discrete
events, it is possible to do event-related design functional MRI (fMRI). The BOLD signal is
aligned with the tic, similar to how the BP is identified with EEG. In the critical study, the
investigators looked at brain events at tic onset and two seconds before (Figure 1). [17] Two
seconds before is presumed to be at the peak of the urge to tic. At tic onset, the sensorimotor
area and a region in the superior parietal lobule were active, not surprising since they are
related to movement production. Two second prior to tic, activation was prominent in the
mesial and lateral premotor areas, the anterior cingulate cortex and insula bilaterally. The
latter two regions are closely related to each other and the limbic system. In another study
using functional positron emission tomography (PET) with blood flow methods, subjects
were evaluated in several states. [18] For patients, it was presumed that their waking state is
constantly dominated by urge and tics, but that this would be dampened by sleep. Thus, the
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change of waking compared with sleep should indicate tic activated areas. This activity
could be compared with the difference in normal subjects awake and asleep. Remarkably,
this study showed prominent activity in anterior cingulate and insula (as well as the
cerebellum) similar to what was seen in the urge state in the fMRI study.

Importantly, there are now a number of studies showing that the insula and anterior
cingulate are critical structures for urge in normal subjects. A good model for this is blink
suppression. Persons can suppress blinking for a period of time, but only at the expense of
increasing urge to blink. Using blood flow PET, comparing blink suppression and rest, there
was prominent activation in both insula and anterior cingulate cortex. [19] Also using event-
related design fMRI, the activity related to blink after attempted suppression shows the same
regions (among some others). [20]

Moreover, there has now been a demonstration of increased resting state connectivity in
Tourette patients between the insula and the sensorimotor cortex. [21] Hence it is possible to
speculate that urge activity in the insula directly influences the motor cortex to produce tics,
bypassing the premotor cortex (which then explains the reduced amplitude of the BP).

There is evidence for loss of inhibition in the brains of patients with TS. This loss of
inhibition might well contribute to triggering of movement more readily. One bit of
evidence is decreased short intracortical inhibition (SICI) assessed with paired-pulse
transcranial magnetic stimulation (TMS). [22] SICI assesses one network of intracortical
inhibitory circuitry. Another physiological measure of inhibition is prepulse inhibition,
where an initial relatively small sensory stimulus inhibits a reflex response to a second
stronger sensory stimulus. This is also reduced in TS patients. [23, 24] Underlying the loss
of inhibition might well be an abnormal pattern of GABA-ergic neurons. In postmortem
examination of the basal ganglia of TS patients, an abnormal distribution of parvalbumin
positive neurons in the different nuclei was found. [25] Flumazenil, radioactively labeled,
can bind to the GABA receptor complex. Using this as a PET ligand, a maldistribution of
flumazenil binding was identified. [26] The regions of most significant decrease were in the
bilateral ventral striatum, thalamus, amygdala and the right insula (Figure 2).

Another theme in the physiological understanding of tic relates to the dopamine system.
There is strong evidence for overactivity of dopaminergic systems. A valuable theory
synthesizing considerable information suggests that there is a developmental hypofunction
of dopamine neurons leading to dopamine receptor hypersensitivity. [27-29] One important
function of the dopamine system is to signal reward. If performing a tic relieves urge and
makes a patient feel better, this is essentially a reward. Rewarded behavior tends to be
repeated. Repeated behaviors can become habits. [30] Hence, tics could well be a form of
habit, arising from a dopamine signal in response to making a movement to relieve an urge.
Obijection to this idea for young children would be that the description of urge is not
common.

There are a variety of methods that can be used to help patients with bothersome tics. [3, 31,
32] The first consideration of course is whether to treat or not. Treatment is only
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symptomatic and some patients have only mild tics; hence, treatment might be worse than
the disease. Moreover, in most patients, tics are self-limited and will eventually go away.
However, if symptomatic treatment is needed, there can be effective therapy.

A popular approach these days that avoids drugs is behavior therapy, most commonly habit
reversal therapy. [33, 34] This procedure follows from the idea that tics are habits. Patients
are taught to recognize the urge and to try to deal with it by doing something more socially
acceptable than making a tic.

In terms of drug therapy, [35-37] should that be needed, most experts recommend the use of
alpha-adrenergic agonists as the first line. These include clonidine and guanfacine. The next
step would be the second-generation, or atypical antipsychotics, of which the best evidence
is for risperidone and weaker evidence is for aripiprazole. Another consideration, perhaps
preceding the atypicals, would be tetrabenazine. [38] Step three would be the first
generation, or typical, antipsychotics which are more potent, but may have more side effects.
These would include pimozide, perhaps as first choice since it has regulatory approval in the
USA, haloperidol and fluphenazine.

Another consideration is a focal injection of botulinum neurotoxin. [31, 32] Interestingly,
these injections not only reduce motor tics, but also sensory tics.

It should be recognized that cannabinoids appear to have efficacy also for tics in Tourette
syndrome, [39] and while this therapy has been mostly done outside the medical arena, the
use of these agents is coming into the main stream.

Should all else fail, if a patient has very severe symptoms, particularly if already an adult,
then deep brain stimulation (DBS) can be considered. [40, 41] While the evidence is largely
anecdotal, and the optimal target is yet to be determined, DBS does seem to work. Surgeons
have targeted the medial thalamus, the globus pallidus, the nucleus accumbens, the anterior
limb of the internal capsule and the subthalamic nucleus.
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p < 0.05, corrected

Figure 1.
Event related functional MRI of tics. Statistical parametric maps superimposed on axial (A),

coronal (B) and sagittal (C and D) views are shown. The upper row shows significant
activations (P < 0.05, corrected for multiple comparisons) of paralimbic areas (ACC and
insular region bilaterally) before tic onset; these activations were much less prominent at tic
onset (lower row). From Bohlhalter S, Goldfine A, Matteson S et al. Neural correlates of tic
generation in Tourette syndrome: an event-related functional MRI study. Brain
2006;129:2029-2037, with permission.
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Figure 2.
Brain areas with decreased binding of [11C]flumazenil in Tourette syndrome patients versus

control subjects: the most significant decreases were seen in the bilateral ventral striatum
(VS), bilateral thalamus (Th), right insula (Ins) and bilateral amygdala (Amg). From Lerner
A, Bagic A, Simmons JM, et al. Widespread abnormality of the gamma-aminobutyric acid-
ergic system in Tourette syndrome. Brain 2012;135:1926-1936, with permission.
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